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The photocyclization-oxidation reaction
l-phenyl4-(2'-thienyl)-1,3-butadiene gave 4-phenylbenzolblthiophene. Similarly, irradiation of 1-phenyl4{3'-thienyl)-1,3-butadiene gave 7-phenylbenzo[b]thiophene. Thus, photocyclization occurs exclusively to the thiophene ring, Irradiation of l,4di(2'thienyl)-1,3-butadiene and I,4-di(3'-thienyl)-1,3-butadiene yielded 4-(2'-thienyl)benzo[D]thiophene
and 7-(3'-thienyl)benzolD]thiophene, respectively. Photocyclization of l-(2'-thienyl)-4-(3"-thienyl)-1,3butadiene gave an inseparable mixture of 4-(3'-thienyl)benzolblthiophene and 7-(2'-thienyl)benzo[6]thiophene.
La reaction de photocyclisation-oxydation du ph6nyl-l (thiinyl-2')-4 butadiine-I,3 a conduitau
phCnyl-4 benzo[6]thiophdne. De fagon similaire, I'irradiation du phdnyl-l (thidnyl-3')-4 butadidne.l,3 a
conduit au phCnyl-7 benzo[6]thiophdne. Par suite, la photocyclisation se produit exclusivement ir I'anneau
du thiophine. L'inadiation du di(thienyl-2)-1,4 butadidne-I,3 et du di(thienyl-3')-1,4 butadidne-I,3
a conduit au (thidnyl-2')-4 benzolDlthiophdne et au (thidnyl-3)-7 benzo[6]thiophdne, respectivement.
La photocyclisation du (thidnyl-2')-1, (thienyl-3")-4 butadiine-l,3 a conduit un mdlange insdparable
de (thidnyl-3')-4 benzo[D]thiophCne et de (thidnyt2')-7 benzo[b]thioph€ne.
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The photocyclization-oxidation reaction of

in l,4-diaryl-l,3-butadienes can be predicted by

stilbenelike molecules has received much attention in recent years from both preparative (l)
and mechanistic (2) points of view. The photo-

molecular orbital calculations (8), when the aryl
groups are aromatic hydrocarbons, Laarhoven
et al. (9) had previously shown in the stilbene
series that simple m,o. calculations were unre-

cyclization-oxidation of 1,2-diarylethylenes,
where one or both of the aryl groups represents
heteronuclear aromatic groups has led to the

synthesis of some interesting heterocyclic aromatic compounds (3, 4).
The related photocyclization-oxidation of 1,4-

diphenyl-1,3-butadiene gave l-phenylnaphthaIene (5). This photoreaction has been extended

to a

wide variety

of

1,4-diaryl-1,3-butadienes

where the aryl groups are phenyl, substituted
phenyl (6), and polynuclear aromatic groups (7,

liable when applied

to

five-membered ring

heteroaromatic groups such as thiophene. Furthermore, Kellogg et al. (4) had shown that al-

though 1,2-di(2'-thienyl)ethene and l-(2'-thi-

enyl)-2-(3't-thienyl)ethene photocycJize to give
dithiaphenanthrenes, the 1,2-di(3'-thienyl)ethene
failed to give a dithiaphenanthrene. Thus the lack
of a suitable means of prediction of the photo-

cyclization reaction and the failure

of one di-

8) and

thienylethene to give tractable products made a
detailed investigation of l-phenyl,4-thienyl-1,3-

slituent (7, 8).

butadienes and 1,4-dithienyl- 1,3-butadienes very
desirable.

it was shown that photocyclization always
occurred to the polynuclear aromatic sub-

It was of some interest to determine the feasibility ofusing 1,4-diaryl-1,3-butadienes, where the
aryl groups are heteronuclear aromatic groups;
as a rneans

of synthesizing polynuclear heteroaro-

matic systems by photocyclization. Although we
had shown that the direction of photocyclization
rFor Part VI see ref. 8.
in part at the 55th Chemical Conference of

zPresented

The Chemical Institute ofCanada, June,1972.

Irradiation of I x l0-3 M solutions of iphenyl-LQ' -thienyl)- 1,3-but adiene (1) in dry benzene containing 2 x l0-3 M iodine gave, after

l5f

3 days, 4-phenylbenzo[6]thiophene Q),

in

or

phenyl

yield, identical to the known compound (10). As
shown in Scheme 1, photocyclization of 1 can
occur to the thiophene ring to give 2, as observed,

photocyclization can occur

to the

group to give the known l-(2'-thienyl)naphthalene (3) (ll).
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SCHEME I

The spectral properties of the photoproduct
to 2, synthesized previously (10),
and comparison of the n.m.r. spectra of the
were identical

photoproduct and 3, previously synthesized (1 t),
showed that less thrn 5/,, if any, of 3 existed in
the photoproduct. Vapor phase chromatography
was not useful, as a mixture of synthesized 2 and
3 could not be separated on a variety of columns.
Similarly, irradiation of l -phenyl-4-(3'-thienyl)|,3-butadiene (4) gave exclusive formation of
7-phenylbenzo[D]thiophene (5), in 39/" yield,
identical to the known compound (12).
As shown in Scheme 2, photocyclization can
occur to the thiophene ring to give 5 or to the

phenyl ring

to

give the known l-(3'-thienyl)naphthalene (O (13). Comparison of the n.m.r.
spectra of the photoproduct and the known
product 6, however, showed that less than 5/o,
if any, of 6 was formed.

tion-oxidation reaction to the thiophene ring
occurs in high yield to both the 2 and 3 positions
of the thiophene nucleus. Due to the unreliability

of simple m.o. calculations involving the thiophene nucleus (9), we were unable to predict in
advance whether cyclization would occur to the

2 or 3 positions in competitive cyclizations. To
elucidate this point a series of I,4-dithienyl.l,3butadienes were irradiated.

Thus, photocyclization

of

1,4-di(2'-thienyl)

I,3-butadiene (7) was irradiated as before to give
4-(2'-thienyl)benzo[6]thiophene (8) as shown in
Scheme 3.
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SCHEME 3

Compound

I

was readily synthesized by

a

route similar to that described for l-arylnaphthalenes

($.

Similarly, irradiation of 1,4-di(3'-thienyl)-1,3butadiene (9) gave 7-(3'-thienyl)benzothiophene
(10), as shown in Scheme 4. Compound 10 exhibited a sirong parent ion in the mass spectrum.
The u.v. sp€ctrum of 10 was very sirnilar to that

of 4-(3'-thienyl)benzothiophene (11) described

below and is consistent with the assigned structure. The n.m.r. $pectrum of 10 shows complex
absorption between 7 and 8 p.p.m.The spectral
data and the mode of synthesis are consistent
with structure assigned to 10.
5
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It

I

of and 4, respectively, but
that 3 and 6 underwent further photocyclization
reactions or suffered decomposition. Irradiation
of 3 and 6, however, Ied to complete recovery of
the starting materials.
It

-+

was possible that 3 and 6 were formed in the

photocyclization

that l-phenyl.4-thienyl1,3-butadienes undergo photocyclization exclusively to the thiophene nucleus. This selective
mode of cyclization enables the synthesis of
4- and 7-arylbenzofblthiophenes to be simply
has thus been shown

accomplished.
The photocyclization of 1 and 4 to give 2 and

5, respectively, showed that the photocycliza-

910
SCHEME 4

Inadiation of l -(2'-thienyl)-4-(3 "-thienyl)- 1,3butadiene (12) as before gave a mixture of
products, inseparable even by vapor phase
chromatography. As shown in Scheme 5, photocyclization-oxidation of 12 can occur to the 3'
position of the l-thienyl group to give 11 and to
the 2" position of the 4-thienyl group to give
7-(2'-thienyl)benzo [b]thiophene (13).
Compound 11 was synthesized in

the

same

photoproduct 13 could isomerize to 10 under the
irradiation conditions. We feel this is highly
unlikely as our irradiation conditions (low pressure mercury lamp, room temperature, and
Pyrex vessels) are quite different from those of
Wynberg and van Driel. Thus the properties of
compound 8, synthesized by both classical and
t2

photochemical means, were identical and hence
photoisomerization of 8 to 11 had not occurred.
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way as described above for the synthesis of 8,
except that 3-thienyllithium was used instead of
2-thienylmagnesium bromide. Comparison of the
photoproduct from 12, isolated as a single fraction by t.l.c., indicated the presence of 11, but

also showed that the photoproduct was not
solely 11. Although the mass spectrum of the
photoproducts gave a parent ion identical to that
of 11, the cleavage pattern was slightly different.
The i.r. and the n.m.r. sp€ctra of the photoproducts were similar but not identical to 11.
The u.v. spectra of 11 and the photoproducts
were informative and indicated that the composition ofthe photoproducts could be explained
by a mixturc of 11 and 13.
The u.v. spectra of thienyl compounds are
quite informative. Conjugation of the thienyl
group with other chromophores is more readily
achieved through attachment to the 2 position.
This extcnded conjugation in 2-substituted thiophenes is reflected-in a bathochromic shift when
compared to 3-substituted thiophenes. For example, 1,z-diQ.' -thienyl)ethene, I -(2'-thienyl)-2(3'-thienyl)ethene, and 1,2-di(3'-thienyl)ethene
exhibit l.,o* values at 338, 316, and 291 nm,
respectively (4); the phenylthienyl butadienes I
and 4 at 360 and 340 nm. respectively (14); and
the dithienylbutadienes 7,72, and9 at 375,352,
and 332 nm, respectively (14, I5). Thus, it is not
surprising that the l,^. value for 8 at 300 nm
exhibits a bathochromic shift when compared to

1l at 282 nm. Also the f.o*

value

for l0

is

nm and hence one should expect a f,-o"
value for 13 of -300 nm. The u.v, spectrum of

280

the photoproducts from 12 shows Xro" at 282 nm
corresponding to 11 and a shoulder at -300 nm

corresponding to 13 and is consistent with the
u.v. predicted for a mixture of 11 and 13.
Some time ago Wynberg and van Driel reported the photoisomerization of 2-phenylthio-

phene

to

3-phenylthiophene (16) as well

as

related photoisomerizations. Thus it is possible
that photoproduct 8 could isomerize to 11 and

The photocyclization-oxidation reactions of
t, 4,7,9, and 12 described in this paper occur
with equal facility to both the 2 and 3 positions
of the thienyl moiety. Kellogg etal.(4\ showed
that the 1,2-di(3'-thienyl)ethene failed to cyclize
and demonstrated that the failure to isolate a
phenanthrene was due to complications in the
oxidation of the dihydro intermediate and not
in the photocyclization step (4). The facile photocyclizations of 1,4,7,9, and 12 to both the 2 and
3 positions of the thiophene nucleus support
their results.
The fact that photocyclization of 1 and 4 occurs
exclusively to the thiophene nucleus is not too

of the dihydro interto 2 and 5 results in the destruction of the aromaticity of the thiophene
nucleus, but photocyclization to 3 and 6 would
give dihydro intermediates resulting from destruction of the much more resonance stabilized
surprising as formation

mediates leading

aromatic phenyl group.
Thus, the photocyclization-oxidation reaction
of thienylbutadienes provides a facile route to
the synthesis of 4- and 7-arylbenzo[D]thiophenes
and could be readily adapted to more complex
heterocyclic aromatic compounds,
Experimental

All

rn,p,'s were determined on a Kofler hot stage and
are uncorrected. The i.r. spectra were recorded on a
Unicam SP10O0 spectrometer as neat liquids. The u,v.
spectra were measured using a Unicam SP800A spectrometer and cyclohexane as solvent. The n.m.r. spectra
were measured on a Varian ,{60 spectrometer using tetramethylsilane as an internal standard (6 = 0p.p,m.) and
deuterioctrloroform as solvent. Mass spectra were re.

corded on

a HitachiPerkin-Elmer RMU-6

mass spec.

trometer. The nurnber in brackeis after the mass peak rep.
resents the percentage of base peak. Silica gel was usec

for thin- and thicklayer chromatography. All photo.
chenrical reactions were carried out in a Rayonet photo.
chemical reactor using RPR 3500 A lamps. Microanalyser
were performed by Dr, C. Daessld of Montreal.

Irradialion af the Butadienes
The irradiations of 1 (14), 4 (14),7 (1s), 9 (14), ail
12 (14) were carried out in a manner previously des
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C-ompound
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Substituent

Found

of

Yield

synthesis

(%)

Molecular
formula
CrzHsS
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I

I
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4-(2'-Thienvl)
7-(3'-Thienyl)
4-(3'-Thienyl)

I

+This yield rep.csents a mixtuls

I
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Photochemical

49

Grignard

l0

Photochemical
Photochemical

62
22*

Grignard

l5

Calculated

c

c

55 4.06 66 . 66 3 .74
66.4t 3.54 66.66 3.74
66.44 3.86 66.66 3.74

66.

cr2H8s
CrzHaS

and 13.

I
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Spectral characteristics of thienylbenzol6]thiophenes

I
I
I
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I
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Compound
8

l0
l1

Substituenl

Ultraviolet spectra
),-u,(nm) (e)

Infrared spectra

300 (10 000)

1575(m), 8ol(m), 758(s)
1460(s), 860(m), ?75(s)
1580(m), 798(m), 775(s)

4-(2'-Thienyl)
7-(3'-Thienyl)

f

M+, other

?(cm-')

28r Q3n)

4(3'-Thienyl)

rNumb€r in parentheses reprcsents

Mass spectra*
mle

282 (70s0)

peaks

216(100), l7r(23)
216(100), r7r(30)
216(100), l7r(30)

ofbase peak.

cribed. The analytical and spectral data of the unknown
photoproducts are given in Tables I and 2, respectively.

C.

The n,m.r. spectra of the photoproducts, although

generally uninformative, showed complex absorption
between 7 and 7.7 p.p.m. The lack of absorption at 8,2
p.p.m. in the photoproducts eliminated the possible formation of 3 and 6 in the iffadiation of I and 4, respectively.
Synthesis of 4-( 2'-Thienyl) benzo[ b Jthiophene(8
4-( 3'-Thtenyl) benzof bJ thiophene ( II )

) and

Compound 8 was synthesized according to the previously described method for the synthesis of l-arylnaphthalenes (6, 17) except that 4.oxo-4,5,6,1-tekahydrothionaphthene (purchased from Aldrich Chemical
Co.) and 2-thienylmagnesium bromide were used as
reactants,

The synthesis of 11 was the same as that describcd for
the known 6 (13), except that 3-thienyllithium was used
as a reactant. The analytical and spectral data of E and
11 are given in Tables I and2, respectively.
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