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Abstract — o-Quinque- and a-septithiophenes were synthesized in four steps
starting from w-bi- and a-terthiophenes, respectively. One of positional

isomers of each oligothiophene described above fs also synthesized.

Recently keen interest has been focused on a-terthiophene (1).1 It shows photoenhanced activity
against a wide variety of organisms, among which especially notable is activity against nematodes.2
Electrochemical polymerization of 1 affords electroconductive crystalline doped polythiophene.3
Many synthetic methods for 1 thus have been devised.4 In this connection it is important to

devise an efficient synthetic method for higher analogs of 1.5 Herein we report the preparation

of n-quinque- and w-septithiophenes {2 and 3}.]

Our synthetic strategy for g and g stems from our previous finding that treatment of properly
substituted diketo sulfides with Lawesson's reagent affords 2,6-diary1-1,4-d1th11ns,6 which, on
being heated in boiling o-dichlorobenzene, give 2,5-diarylthiophenes, though not exclusively, with
extrusion of the sulfur atom of 4-posit1‘on.7 A typical example is found in our a-terthiophene

synthesis as depicted be]ow.4a
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Thus the synthesis of 2 was started from chloroacetylation of a-bithiophene (3). The Friedel-

Crafts reaction of § with chloroacetyl chloride catalyzed by aluminum chloride in carbon disulfide

at room temperature afforded the desired chloroacetyl derivative § {mp 106-107 °C) in 35% yield
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along with 5,5'-bis{chloroacetyl)-2,2'-bithiophene (mp 239 °C} in 34% yield. Dropwise addition of
an aqueous solution of sodium sulfide nonahydrate (0.5 equiv) to a stirred solution of 6 in acetone
furnished the diketo sulfide 7 {mp 167-169 °C) in 98% yield. Treatment of 7 with Lawesson's
reagent {2 equiv) in boiling benzene for 1 h gave the 1,4-dithiin 8 (mp>170 °C, dec) in 60% yield.
Finally heating 8 in refluxing o-dichlorobenzene for 1 h afforded the expected quinquethiophene 2,
mp 233 °C (11’1:.,5a mp 253 “C), in 56% yield along with a small amount of its positional isomer 21
{mp 88-89 °C}). The isomeric thiophene 9 was also synthesized independently. We previously
reported that treatment of diketo sulfides with a low-valent titanium reagent, prepared from
titanium{IV) chloride and zinc powder in tetrahydrofuran, leads to 2,5-dihydrothiophenes in good
y1‘e1ds.8 Thus, treatment of 7 with the above low-valent titanium reagent in refluxing tetrahydro-
furan afforded the dihydrothiophene 19 in 86% yield. Oxidation of lQ with 2,3-dichloro-5,6-di-

cyano-1,4-benzoquinone {DDQ} in dioxane at room temperature produced 9 in 87% yield.

z & {‘) C1CH,COC M
—_—— ———————-—b-
s 5 ATCT,/CS, s 57 O e, CO/M,0
(5] 3% [6] 983 m
-[5] .
LR/CgHg/refl. 0-CeH L1, refl.

+
S S S )
56% [2]
TiCl,/In DG
(7] 4 - - - [9]
THF, refl. g [ S 5 dioxane, r.t.
867 87%

[10] [

a-Septithiophene § was prepared in a similar strategy. The Friedel-Crafts chloroacetylation of 1
afforded the chloroacetyl derivative {mp 164-166 °C) in 68% yield, which reacted with sodium
sulfide to give the diketo sulfide 11 {mp 214-216 °C) in 98% yield. The sulfide 11 is slightly
soluble in boiling benzene, while soluble in boiling chlorobenzene. Therefore, the reaction of 11
with Lawesson's reagent was carried out by heating the both compounds in refluxing chlorobenzene
for 1 h. This directly resulted in the formation of 38% yield of 3, mp 328 °C (11’t.,5a mp

326-328 °C), along with 2% yield of its positional isomer 1%1 {mp 203 °C} since the dithiin inter-
mediate 12 Toses the sulfur atom under the applied conditions. The thiophene 3 is hardly soluble

in organic solvents and therefore precipitated from the reaction mixture and was purified by
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sub]imatinn.9 The isomeric thiophene 13 was also independently synthesized. Treatment of the
sulfide 11 with the foregoing titanium reagent furnished the dihydrothiophene 14 in 83% yield,

which was converted to 12 by treatment with DDQ in dioxane in 80% yield.
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Finally effort was made to improve the yield and selectivity in the conversion of 2,6-di-
{2-thienyl)-1,4-dithiin (g) to 1. It is known that monosulfoxides of 1,4-dithiins thermalily lose
sulfur monoxide to produce the corresponding thiophenes.10 Thus, to an ice-cooled solution of 4
in methylene chloride was added m-chloroperoxybenzoic acid {m-CPBA) until 4 is completely consumed
(ca. 1.5 equiv of m-CPBA was used). When this mixture was warmed and then heated under reflux, a
mixture of 1 and its isomeric thiophene 1' was formed in a yield of less than 50% atong with a
considerable amount of the starting dithiin 4. This suggests that the sulfur monoxide produced

10,11

from sulfoxide 15 (15‘) reduces 15 (1§') to give 4 and sulfur dioxide. Therefore, in order

to eliminate this reaction by scavenging sulfur monoxide, a large excess of dimethyl sulfoxide was
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added to the mixture after the completion of the oxidation by m-CPBA, and then the resulting

mixture was heated to reflux. This resulted in the formation of a mixture of 1 and 1' in a ratio

of 22:1 in 90% yield. The predominant formation of 1 shows that the sulfur atom of 4-pesition is

preferentially oxidized to give 15 by steric and/or electronic reasons. The procedure described

above provides a revised method for conversion of 4 to 1.
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