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Abstract

New b-3-thienyl (8) and b-3-furyl derivatives of o-divinylbenzene (9) have been synthesised and their photochemical behaviour compared
with 2-thienyl (7) and 2-furyl derivatives (2). Whereas the b-(2-heteroaryl) substituted o-divinylbenzenes (7 or 2) give only bicyclo[3.2.1]octa-
diene structure (14 or 1) by 1,6-ring closure of the biradical intermediate, b-(3-heteroaryl) substituted o-divinylbenzenes (8 or 9) give
bicyclo[3.2.1]octadiene structure (23 or 24) and bicyclo[2.1.1]hexene structure (25 or 26) by 1,6- and 1,4-ring closure, respectively. This
photochemical approach provides a simple method to 2,3- and 3,2-fused thiophene and furan polycyclic compounds.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

There is an increasing interest in the bicyclo[3.2.1]octane
structures since they represent the basic framework of numer-
ous important biologically active natural compounds or their
metabolites. Their skeleton has also proved to be useful reac-
tive intermediate in various stereoselective transformations
making these derivatives powerful building blocks in organic
synthesis.1 In one of our previous papers2 on the photochemi-
stry of styryl substituted furan derivatives2e12 we demon-
strated for the first time the photochemical approach to
furano-fused bicyclo[3.2.1]octadiene structure (1) by simple
irradiation of 2-(o-vinylstyryl)furan (2) (Fig. 1). On the other
hand, their nitrogen analogues, pyrrole derivatives (3),13e20

gave completely different photoproducts. It was found that

only alkoxycarbonyl substituted pyrrole derivatives21 gave
pyrrolo-fused benzobicyclo[3.2.1]octadiene structure (4). In
the case of 2-(o-vinylstyryl)furans with the substituent in po-
sition 3 of the furan ring (5) formation of the bicyclo[2.1.1]-
hexene structure (6) was observed,9 presumably due to the
steric reasons.

In continuation of our interest for the effect of heteroatoms,
as well as their position in the heteroaromatic ring on the
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formation of heteropolycyclic compounds, we present here for
the first time the photochemical behaviour of thiophene deriva-
tives (7, 8) and furan derivative (9). We anticipated that intro-
duction of sulfur as heteroatom, by replacing the furan moiety
with the thiophenes, may have influence on the excited state
properties of this new hexatriene system and as a consequence
the formation of diverse photoproducts. Based solely on the
aromaticity of heterocycles,22,23 the thiophene being more
aromatic than furan, it might be expected that thiophene deriva-
tive 7 resembles the photochemical behaviour of its parent
benzene derivative 10, which upon irradiation closes to bicy-
clo[2.1.1]hexene 11.24e28

2. Results and discussion

Starting compounds, 2-[2-(2-ethenylphenyl)ethenyl]thio-
phene (7),3 3-[2-(2-ethenylphenyl)ethenyl]thiophene (8) and
3-[2-(2-ethenylphenyl)ethenyl]furan (9) were synthesised in
a good to very good yields (50e85%) by the Wittig reaction
of b,b-o-xylyl(ditriphenylphosphonium) dibromide and the
corresponding aldehydes (Scheme 1) according to the general
procedure described for the b-heteroaryl-o-divinylbenzenes.3

They were obtained as mixtures of trans- (60e70%) and cis-
isomer (30e40%) that were separated by column chromatog-
raphy and characterised spectroscopically.

The irradiation experiments were performed under anaero-
bic conditions and in petroleum ether as a solvent. On irradi-
ation of 2-thienyl substituted o-divinylbenzene 7 (Scheme 2)
the thieno-fused benzobicyclo[3.2.1]octadiene 14 was isolated
as the main product in 45% yield. In addition, minor quantities
of phenanthrene (16) and vinylnaphthothiophene (17) were
found in the first fractions during the column chromatography
and the high-molecular-weight products remained on the
column.

The photoproducts are easily identified by their NMR spec-
tra, using one- and two-dimensional NMR techniques, and
their comparison with the spectra of photoproducts, previously
obtained on irradiation of 2-[2-(2-ethenylphenyl)ethenyl]furan
(2).2 The proposed mechanism for the formation of the main
product, bicyclo[3.2.1]octadiene derivative 14, as in the case
of furan derivative 2,2 involves intramolecular cycloaddition
via biradical intermediate 12 followed by preferred 1,6-ring
closure to 13 and subsequent 1,3-H shift. The 2-thienyl-bicy-
clo[2.1.1]hexene derivative 15, which could be formed by
1,4-ring closure of 12, was not detected. The 1,4-ring closure
was also not observed on irradiation of 2-[2-(2-ethenylphenyl)-
ethenyl]furan (2)2,4,8,9 contrary to the photochemical

properties of the corresponding phenyl analogous 10, o-vinyl-
stilbene,24,25 where the main product was the phenyl-benzo-
bicyclo[2.1.1]hexene 11.

Formation of byproducts 16 and 17 can occur from the
cis-configuration of 7 by two different mechanisms: the intra-
molecular photoinduced [4þ2] cycloaddition followed by
elimination of H2S produces phenanthrene (16)29 while photo-
chemical electrocyclization process leads to vinylnaphthothio-
phene 17. The presence of phenanthrene (16) was confirmed
by comparison of its 1H NMR spectrum with the 1H NMR
spectrum of authentic sample. The structure of new 6-vinyl-
naphtho[2,1-b]thiophene (17), formed in too small quantities
to be analysed completely, was confirmed by its independent
synthesis. The vinylnaphthothiophene derivative 17 was pre-
pared by photochemical ring closure of 18 to 19 followed by
a sequence of reactions according to Scheme 3.
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