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Synthesis and Properties of Oligo-6-(2-thienyl)pentafulvenes
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Abstract: Oligo-6-(2-thienyl)pentafulvenes, synthesized up to a tetramer by appli-
cation of a new pentafulvene synthesis, show considerably low reduction potentials to
suggest ready formation of polyanions or polyanion radicals with oligoacetylene spines.

In view of characteristic electronic properties of cross-conjugated fulvenoid
r.:ompounds,1 polymers of them at the exomethylene terminal carbons, general formula 1,
should generate poly-cations or -anions having a polyacetylene spine, 2, upon electronic
oxidation or reduction depending on their ring size. It would be of interest to examine
this possibility not only as an access to novel polyacetylenes but also as a potential
entry into electron-conducting polyacetylenes. However, labile properties of 6,6-bi-
pentafulvenyl2 and 8,8-biheptafulveny13 undergoing air-oxidation and intramolecular
electrocyclizations suggest synthetic difficulties for 1. We therefore designed oligo-
pentafulvenes inserted with 2-thienyl groups, namely oligo-6-(2-thienyl)pentafulvenes 3,
as a model system. Electronic reduction of 3 should also generate polyanions with an
oligoacetylene spine. The 2-thienyl group here provides two advantages; first, its
electron-donating property contributes to stabilization of the dipolar pentafulvene n-
system; second, the easy metalation of thiophene at a-position furnishes sites for
oligomer extension. We report here the synthesis and some properties of 3 up to the

tetramer (n = 4).
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We examined three methods for the synthesis of series of 3. Fisrt examined was
nucleophilic substitution on 6-dimethylaminopentafulvenes.4 This way lead to only mon-
omer 3a (n=1)5 and dimer 3b (n=2) in low yields mostly because of rather poor reac-
tivity of Ei—dimethylamino—ﬁ-[2—thienyl);:oentafulvene6 toward nulceophiles. Second exam-
ined was an application of the ketone synthesis7 through the reaction of N,N-dialkyl-
amides with organolithium compounds. This method requires condensation of ketones
thus obtained with cyclopentadiene in the final step and was successful up to trimer 3¢
via ketone 5 (Scheme 1), but suffered difficulties for higher oligomers because of the
instability of the percursor ketones and the poor yield of the condensation.

Scheme 1
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The most successful has been the new pentafulvene synthesis described in the
accompanying paper8 which is a modification of the second method avoiding isolation of
the precursor ketones. This new method allowed one-pot synthesis of 3b, 3c and
tetramer 3d (Scheme 2), where selective lithiation of 3a% at the thiophene x-position(s)
are taken advantage of.
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Table 1. Physical Properties of 3b - d together with 3a*

Mass UV - Visa IH - NMRV Reduction
(m/z) (Mmax (log €))  (B/ ppm) Potentials® (V)
3a 242 (M) 373 (4.30) 7.52(dd, J = 1.1, 5.5 Hz, 2H) Elyp=-1.28
(ED 277 (3.90) 7.26(dd, J=1.1,3.7 Hz, 2H) Ep=-183
7.10(dd,J)=3.7,5.1 Hz, 2H)
6.58 (m, 2H), 6.54 (m, 2H)
3b 400 (M*) 415(4.36) 7.56 (dd, J = 1.3, 5.0 Hz, 2H) Elin=-093
(ED 368 (4.40) 730(dd, J = 1.3, 3.6 Hz, 2H) E2p=-1.03
287 (4.05) 7.27 (s, 2H)
7.13 (dd, } = 3.6, 5.0 Hz, 2H)
6.58 - 6.61 (m, 6H)
6.48 - 6.51 (m, 2H)
3c 559 (M+H)*) 409 (4.62) 7.56 (dd, J = 1.0, 5.0 Hz, 2H) Eljp=-081
(FAB) 368 (4.57) 7.28 -7.31 (m, 6H) Ep=-129
290 (4.26) 7.14(dd, J =3.6, 5.0 Hz, 2H) Bp=-185
6.58 - 6.63 (m, 10H)
6.49 - 6.56 (m, 2H)
3d 717 (M+H)*) 408 (4.76) 7.56 (dd, J = 1.0, 5.0 Hz, 2H) Elir=-0.84
(FAB) 365sh (4.67) 7.32-7.25(m, 8H) E21p=-105
289 (4.38) 7.13(dd, J =3.6, 5.0 Hz, 2H)

6.49 - 6.64 (m, 16H)

4 In dichloromethane. b In CDCl3, 270 MHz. € V vs Ag/AgCl, in 0.1 M nBugNCIO4/DMF, sweep
rate 100 mV/sec.

3a

n

3b

3451

-1.0 -15 -20 v -05 -1.0 -15 v
Fig. 1. Cyclic Voltammograms of 3a and 3b

Oligomers 3b-d are dark red crystalline substances with fair to moderate stability.
The stability, however, decreases with increase of unit number, and tetramer 3d tends
to decompose upon concentration of solutions above room temperature.9

Although dimer 3b absorbs visible light at about 40 nm longer wave length (.. =
415 nm) than monomer 3a does (373 nm), further extension of the oligomer does not
appreciably affect the electronic spectra (Table 1).
be due to the cross-conjugated

conformational mobility of the oligomer system.10

The lack of appreciable change may
structure of the pentafulvene unit and the
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The electrochemical properties of 3 are the most noticeable. While monomer 3a
shows well separated first and second reduction waves at -1.28 (El) and -1.83 v (B?)
in cyclic voltammetry, dimer 3b does nearly overlapped reduction waves at appreciably
lower potentials of -0.93 (El) and -1.03 v (EZ) (Table 1 and Figure 1) to suggest
ready formation of diamion 8A. For trimer 3c, E! is even lower (-0.81 V) with almost
simultaneous two electron transfer, and E2 and E3 correspond to the formation of
trianjon radical 7A and tetraanion 7B. Tetramer 3d shows, similar to 3b, only two
reduction waves of here each two electron transfer to indicate easy formation of
tetraanion 6B having an oligoacetylene spine attached with cyclopentadienyl anions.

In conclusion, oligothienylpentafulvenes 3 with even unit number, 3b and 3d, are
readily reduced electrochemically probably to polyanions with oligoacetylene spines.
This may be also true for the higher oligomers and polymers. Alkali metal reductions
of 3b-d are in progress.

6A 6B TA: * =
7B: * =.
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