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Oligothiophenes have received attention as models for
conducting polymers and as compounds with intrinsi-
cally interesting optical and electrical properties.’=7 Of
particular interest to us and others has been the
oxidation of these compounds to form cation radicals and
dications, species that are models for polarons and
bipolarons?® in oxidized, conducting polythiophene. A
particular discovery from this work is that cation
radicals form 7-dimers in dilute solution? and in solid
films.87 These diamagnetic interchain dicationic dimers
are alternatives to intrachain bipolarons (dications).
Here we describe diamagnetic oligothiophene monoca-
tions. Definition of the spectral qualities of such cations
should allow them to be detected (or ruled out) in
various reactions involving oligo- and polythiophenes.

We report on cations formed by protonation of the
terminally blocked, methoxy-substituted oligothiophenes
1 and 2. These oligomers were chosen with the hope
that various cations derived from them would be stable.
The synthetic approach??® is described in Scheme 1.
Products 1 and 2 were characterized by 'H NMR (Table
1), 13C NMR, HR-MS, IR, and UV-vis (Table 1).
Spectral comparisons with other oligomers were satis-
factory. For example, the terthiophene 8% (Amax = 360
nm) and the quatrathiophene 4% (Amax = 396 nm) can
be compared with 1 (Anax = 386 nm) and 2 (Anax = 414
nm).

The yellow compound 1 treated with 5% trifluoroace-
tic acid (TFA) in CDyCl; instantly gave a deep blue, ESR
silent solution with the 'H NMR spectra described in
Table 1. In the range 200—2600 nm there was one
optical absorption peak at 590 nm. These spectra were
stable for days and were formed identically in deoxy-
genated solution. Both vis and NMR spectra are
consistent with formation of cation 1HT. Notable in
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@ p—Butyllithium, dimethyl sulfate (80%). ® n-Butyllithium, I,
(75%). ¢ Toluene, [(CeHs)3P1Pd (30%). ¢ n-Butyllithium, (butyl)sSnCl
(85%). € Toluene, [(CeHs)sP1Pd (35%).

Table 1. Spectral Data®

4
Amax

compound (nm) NMR 6 (ppm) (J (Hz))

1 386 6.95(1H, s), 6.86 (1H, s), 3.85 (3H, s), 2.27 (3H, s)
1H* 590 8.08 (1H, d, 4.6 Hz), 7.43 (1H, d, 4.6 Hz), 7.34 (1H, s)
6.80 (1H, s), 4.84 (1H, q, 7.4 Hz), 4.26 (3H, s)
3.93 (3H, s), 2.39 (3H, s), 1.82 (8H, d, 7.4 Hz)
2 414 7.02(1H, d, 3.8 Hz), 6.97 (1H, d, 3.8 Hz), 6.87 (1H, s)
3.84 (3H, s), 2.27 (3H, s)
2H* 630 8.11(1H, d, 4.2 Hz), 7.65 (1H, d, 3.9 Hz),
7.55 (1H, d, 4.2 Hz), 7.27 (1H, d, 3.9 Hz), 7.16 (1H, s)
6.72 (1H, s), 4.91 (1H, q, 7.5 Hz), 4.30 (3H, s}
3.96 (3H, ), 2.35 (3H, ), 1.84 (3H, d, 7.5 Hz)

2 NMR spectra at 300 MHz.
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comparison to the NMR spectrum of 1 is the shift of
the 1H* resonances to higher & values (delocalized
positive charge), a separate resonance for each type of
hydrogen (loss of symmetry) and one additional hydro-
gen appearing as a quartet at 6 4.85 (coupled to the
adjacent teminal methyl group with J = 7.4 Hz). The
structure was confirmed by using TFA-d; to form 1D™,
which showed two spectral changes compared to 1H*:
no peak at 4.85 and a broadened singlet (unresolved 1.1
Hz Ju-p), not a doublet, for the terminal methyl group.

Compound 2 behaved analogously (Table 1) giving
2H"*. Addition of water to the solutions immediately
regenerated 1 and 2.

Although a number of solid conducting polymers have
been formed by protonation®® and oligothiophenes have
been oxidized in TFAZ this is the first documentation
of oligothiophene protonation. The methoxy groups
enhance the basicity of these oligomers (8H* is not
formed from 3 in 80% TFA, 20% CHyCly), but the
spectra clearly demonstrate that 1H* and 2H" are
delocalized ions. Therefore, the spectral results are
relevant to understanding other oligothiophene, poly-
thiophene, and related oligo(thienylenevinylene) chem-
istry. Of general interest is the observation that
authentic dications (bipolarons) and monocations from
similar oligomers absorb at very similar wavelengths
in the visible region, e.g., 1IH* 590 nm and 3% 570 nm.?
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This will make them difficult to differentiate. Of specific
interest is a report based on visible absorption spectra
that oligo(thienylenevinylene)s like 5 are protonated
twice in neat TFA to produce dications.!® Since these
oligomers are extremely similar to oligothiophenes (5
has 10 double bonds, 2 has 8) the spectral similarities
of mono- and dications should be valid. We suggest that
monocations from monoprotonations should now be
considered as reasonable alternative structures.

With regard to oxidized oligothiophenes the data in
Table 1 can be used to differentiate ¢- and #-dimers?467
of cation radicals. Consider the dimer of cation radical
3+.2b It has NIR absorption bands and has been pro-
posed to be a s-dimer. The alternative o-dimer is
0-(3%). Since each of the two z-systems of 0-(37); are
similar to 1H* and electronically insulated from each
other by two sp3 carbons, the o-dimer should absorb in
the visible, not the NIR as observed experimentally.
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Our future work will explore several of these ques-
tions and further define the basicity of oligothiophenes.
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