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Letters
A nonconcerted cycloaddition of fused 2-vinylthiophenes
with dimethyl acetylenedicarboxylateq

Ale�s Machara,a Milan Kurf€urst,a V�aclav Kozm�ık,a Hana Pet�r�ı�ckov�a,b Hana Dvo�r�akov�ac

and Ji�r�ı Svobodaa,*

aDepartment of Organic Chemistry, Institute of Chemical Technology, Technick�a 5, CZ-166 28 Prague 6, Czech Republic
bDepartment of Solid State Chemistry, Institute of Chemical Technology, Technick�a 5, CZ-166 28 Prague 6, Czech Republic

cCentral Laboratories, Institute of Chemical Technology, Technick�a 5, CZ-166 28 Prague 6, Czech Republic

Received 11 September 2003; revised 22 December 2003; accepted 9 January 2004
Abstract—Fused thiopyrans along with products of subsequent reactions of the primary adducts of the title compounds are
obtained by nonconcerted [4p + 2p] processes. The course of the reactions and formation of all products discussed.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 2. Synthesis of 2-vinyl derivatives 4–6.
The Diels–Alder reaction1 represents an essential
instrument for the synthesis of various carbocycles and
heterocycles. Recently2 we showed that [1]benzothi-
eno[3,2-b]furan (1), due to its low furan aromaticity,
possesses dienophilic behaviour and reacts with elec-
tron-rich dienes with formation of a new heterocyclic
[1]benzothieno[3,2-b][1]benzofuran system (2). Further
we reported3 that introduction of a vinyl moiety in the 2
position of 1 created a reactive diene (3), which reacted
with various dienophiles. Thus, both cycloaddition
reactions led to new derivatives of heterocycle 2 substi-
tuted in the �benzofuran part� of the heterocyclic system
(Scheme 1).

In order to utilize analogous cycloaddition reactions to
obtain the heterocycle 2 substituted in the �benzothio-
phene� part, we changed the topology of 3 to the iso-
meric 2-vinylthieno[3,2-b][1]benzofuran (4). A study of
its reactivity was further extended to the new and
diene
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Scheme 1. Formation of [1]benzothieno[3,2-b][1]benzofurans.
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structurally related [3,2-b]fused 2-vinylthiophene sys-
tems of 2-vinyl[1]thieno[3,2-b][1]benzothiophene (5) and
2-vinylthieno[3,2-b]thiophene (6) (Scheme 2), the reac-
tivities of which have not been studied. In association
with the known reactivity of 2-vinylthiophene4 and
dienophile
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Scheme 4. Formation of products 7 and 8.
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2-vinyl[1]benzothiophene,5 analogous behaviour of 4–6
was anticipated. This paper summarizes the results of
the different courses of their reactions with dimethyl
acetylenedicarboxylate (DMAD).

The starting 2-vinyl derivatives 4–6 were obtained by
standard Wittig methylenation of the corresponding
aldehydes6;7 (Scheme 2) with methylene(triphenyl)phos-
phorane in 54–76% yield after chromatographic purifi-
cation. Cycloaddition reactions were performed by
heating 4–6 (1.2mmol) with DMAD (3.6mmol) in tol-
uene (10mL) to reflux under a nitrogen atmosphere.
When the starting compound had disappeared, the
products formed were separated by careful column
chromatography followed by multiple preparative TLC
chromatographic purification. The yields of the isolated
products are summarized in Table 1 and their struc-
tures8 are shown in Scheme 3.

It is evident from the structures of the thiopyran 7 and
the dihydro derivatives 8 that the reactions proceed by a
nonconcerted process. Assuming that zwitterionic spe-
cies are involved in [4p þ 2p]-cycloadditions with
strongly electro-deficient dienophiles,9 the electron-rich
vinyl double bond in 4–6 has added to the DMAD with
formation of the zwitterionic intermediate 14 (Scheme
4). Furthermore, it rearranged with formation of other
unstable species 15–17, all of which may play key roles
in the formation of products 7–13. Formation of the
fused system of 7 involves a thiophene–thiopyran ring
enlargement. It can be explained by the creation of the
S

H3COOC COOCH3

Ar

9

S

H3COOC C

Ar

10

H

S

H3COOC COOCH3

COOCH3

COOCH3

Ar

S COOCH3

COOCH3

Ar

12

7

Scheme 3. Structures of the isolated products 7–13.

Table 1. Product distribution and yields

Comp. Reaction time, h

4 58 7a 19 8a 16 9a

5 54 7b 10 8b 11 9b

6 48 7c 10 8c 4 9c
thiiranium ion 16, which rearranges to ion 17. Analo-
gous thiiranium species have been involved in fused
thiopyran-fused thiophene ring contractions.10–13
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Products and yields, %

20 10a 20 11a 17 12a+ 13a 3

25 10b 21 11b 23 12b+ 13b 2

9 10c 11 11c 9 12c+ 13c 6
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Scheme 5. Transformation of 18 leading to esters 9–11.
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Scheme 6. Ene-reaction leading to tetraesters 12 and 13.
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Attachment of the diester residue leads to the dihydro
derivatives 8. Spontaneous aromatization of the unsta-
ble products 8 to the thiopyranes 7 completes the pro-
cess. To our best knowledge, the formation of a
thiopyran system by a thiophene ring enlargement is
unique and has not been described in the literature. In
addition, the dihydro derivatives 8 spontaneously aro-
matized during their storage even at )18 �C to thiopy-
rans 7. Oxidation of 8b with DDQ in dichloromethane
at room temperature afforded 7b as the sole product
within 30 s. Thus, the reactivities of the fused 2-vinyl-
thiophene systems 4–6 differ substantially from those of
simple vinylthiophene derivatives.4;5

The closure of a six-membered ring in the zwitterion 15
leads to the important intermediate 18 (Scheme 5). Its
structure also corresponds to that of the primary prod-
uct of a concerted [4p + 2p] process. The adduct 18,
which could not be detected by any analytical method,
stabilizes very rapidly by a double bond shift reforming
the aromatic thiophene moiety in compound 9. Dehy-
drogenation of 18 and/or 9 affords the fully aromatized
diester 10. A second double bond shift in 18 leads to
formation of the nonisolable intermediate 19, which
undergoes a second cycloaddition with DMAD possibly
creating the bridged structure 20. Although such ther-
mal 1,3-hydrogen shifts are expected to be high energy
processes, the energy gain due to the rearomatization, to
give 9, favours this transformation. A retro-cycloaddi-
tion with elimination of methyl propiolate affords the
final triester 11. A similar cycloaddition with DMAD
and 3 has been observed earlier.3

The tetraesters 12 are apparently formed by an ene-
reaction of the intermediate 18 with another molecule of
DMAD (Scheme 6). Formation of a structurally related
tetraester was observed in the cycloaddition reaction of
2-vinylthiophene described earlier.4 In addition, we
found that the esters 12 partly rearrange during chro-
matographic separation of the reaction products to the
more stable and fully aromatized tetraesters 13.
In conclusion, reactions of fused 2-vinylthiophene
heterocycles with DMAD leads to a broad range of
products. The structures of thiopyrans 7 and dihydro-
thiopyrans 8 confirm that a nonconcerted mechanism is
involved. These results are in contrast with the reactivity
of simple 2-vinylthiophene derivatives. By this route, in
addition to the �expected� adducts, new interesting,
electron-rich fused thiopyran derivatives were obtained.
A more detailed study of fused vinylthiophene cyclo-
addition reactions and their mechanisms is in progress.
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