Chemistry Letters 1996

421

Synthesis of Thieno|3,4-c]thiophene Derivatives Bearing tert-Butylthio and
Aryl Substituents
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1,4-Bis(tert-butylthio)-3, 6-diphenylthieno[3, 4-c]thiophene
(2a) and 1,4-bis(fert-butylthio)-3,6-di(2-thienyl)thieno[3,4-c]-
thiophene (2b) were synthesized from 2-fert-butylthio-3-phenyl-
cyclopropenethione (1a) and 2-tert-butylthio-3-(2-thienyl)cyclo-
propenethione (1b), respectively, by treatment with triphenyl-
phosphine in benzene.

Although thieno[3,4-c|thiophenes are of interest as 107 -
electron heterocycles with a nonclassical structure, only a
few thieno[3 4-cjthiophenes are known.!  Previously, our
laboratory has developed a convenient synthetic method for
the preparation of 1.3.4,6-tetrakis(alkylthio)thieno|3,4-c]thio-
phenes from bis(alkylthio)cyclopropenethiones using triphenyl-
phosphine or tributylphosphine.? However, it was impossible
to prepare the thieno[3,4-c|thiophene system from 2,3-diaryl-
cyclopropenethione by this method, because of the formation
of 2,3,5,6-tetraarylthieno|3,2-b|thiophene.®  This result led us
to investigate whether two alkylthio groups are essential for the
formation of the thieno|3,4-c]thiophene system or not. We
now report our findings that 2-tert-butylthio-3-phenylcyclo-
propenethione (1a)* and 2-fert-butylthio-3-(2-thienyl)cyclo-
propenethione (1b),® bearing a ferr-butylthio group, can be
converted into 1.4-bis(zert-butylthio)-3,6-diphenylthieno[3,4-¢|-
thiophene (2a) and 1,4-bis(zers-butylthio)-3.6-di(2-thienyl)-
thieno[3,4-c]thiophene (2b), respectively, by our method, as
shown in Scheme 1.
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To a solution of 1a or 1b in dry benzene was added a solution
of triphenylphosphine (0.6 equiv.) in dry benzene under argon
atmosphere and the mixture was stirred at 50 °C for 20 h. After
the reaction, the solvent was evaporated under reduced pressure.
Chromatography on silica-gel with dichloromethane-hexane
(1:9)as eluent gave 2a® and 2b” in 30 and 21% yields,
respectively. In this reaction, the use of triphenylamine instead
of phosphines did not afford any 2a,b, but gave back the starting
materials. The structure of 2a was determined by an X-ray
crystal structure analysis. The ORTEP drawing of 2a is shown
in Figure 1.°  Thus, it was established that the tert-butylthio
and phenyl groups are attached in 1,4- and 3,6-positions,
respectively, and that the thieno[3,4-c]thiophene framework is

Figurel. ORTEP® drawing and atomic numbering of 2a,
viewed perpendicular and parallel to the thieno|3,4-c]thiophene
ring.  Selected structural parameters, S(1)-C(1) 1.708 (3),
C(1)-C(2) 1.411 (4), C(2)-C(21) 1.489(6), C(21)-C(3) 1.418(4),
S(2)-C(1) 1.763 (3), S(2)-C(4) 1.875(3), C(3)-C(8) 1.492 (4),
C(8)-C(9) 1.395(4) A . C(1)-S(1)-C(3) 97.4(1), S(1)-C(1)-C(2)
109.3(2), C(1)-C(2)-C(21) 112.0 (2), S(1)-C(1)-S(2) 117.3(2),
C(1)-S(2)-C(4) 103.4(1), C(8)-C(3)-C(21) 133.7(3), C(8)-C(13)-
C(12) 121.4 (3), C(11)-C(12)-C(13) 119.5(3)°.

Symmetry code i: -x, -y, -z.

planar and the plane of the phenyl group is not coplanar to the
thieno|3,4-c|thiophene ring. The results of the IR, 'H, and
'3C NMR spectra and the elemental analyses of 2ab were



422

S5uA

! 1 I I I
1.2 1.0 0.8 0.6 0.4

Potential / V vs. Ag/AgCl

Figure 2. Cyclic voltammogram of 2a. Scan rate: 0.05 V/sec.

consistent with the assignment of their structures. The UV-VIS
spectra of 2a,b in hexane exhibited intense absorption peaks at

516 and 538 nm, respectively, which were shifted to longer
wavelength by 10 and 32 nm, respectively, as compared with
that of 1,3,4,6-tetrakis(zerr-butylthio)thieno[3,4-c]thiophene
reported previously.'® These bathochromic shifts seem to
be attributable to the phenyl and thienyl groups. The cyclic
voltammograms of 2a,b (about 1.0 10" * mol dm *) in
dichloromethane containing 0.1 M (1 M = 1 mol dm™ ?) tetra-
butylammonium perchlorate at room temperature exhibited
two quasi-reversible waves. The cyclic voltammogram of ' 2a is
shown in Figure 2. The first and second oxidation potentials
vs. Ag/AgCl were +0.64 and +1.00 V for 2a and +0.61 and
+0.97 V for 2b, respectively.

In contrast to the cases of 1a,b, 2-rert-butylthio-3-pyrrolidino-
cyclopropenethione* and 2-phenyl-3-pyrrolidinocyclopropene-
thione* did not react with triphenylphosphine, but were
recovered unchanged, this indicating that the addition of tri-
phenylphosphine to these cyclopropenethiones does not occur
owing to the presence of the pyrrolidinyl group.

As described above, it has been found that cyclopropene-
thiones bearing the ferr-butylthio and aryl groups afford the
thieno[3,4-c|thiophene system by reaction with triphenyl-
phosphine.
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