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Highly conjugated polymers, such as polyacetylene, poly-
thiophene, and poly(p-phenylene vinylene), have been the subject
of intensive research due to their intriguing optical and electronic
properties.> These parent systems are highly desirable for ex-
perimental and theoretical studies due to their simplicity. Their
intractability, however, has made characterization an arduous task,
and insolubility has severely limited their applications. Researchers
have successfully circumvented these obstacles by synthesizing
soluble alkyl- and alkoxy-substituted polythiophenes and poly-
(p-phenylene vinylenes).> Analogous soluble highly conjugated
polyacetylene derivatives have proven more elusive.%* We report
here the synthesis of such a polymer using ring-opening metathesis
polymerization (ROMP).®

Recently, Klavetter and Grubbs reported the synthesis of po-
lyacetylene by the ring-opening metathesis polymerization of
cyclooctatetraene with a well-defined non-Lewis acidic tungsten
alkylidene catalyst.»® ROMP of substituted cyclooctatetraenes
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Figure 1. UV-vis spectra of poly(TMSCOT) in carbon tetrachloride
(1075 M) obtained between eight periods of photolysis (10 s each).
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Figure 2. Differential scanning calorimetry thermogram of poly-

(TMSCOT) (9 mg) (A) prior to photolysis and (B) after photolysis.!2

provides a convenient route to a variety of substituted poly-
cyclooctatetraenes whose properties may be “tuned” by changing
the substituent. We focus here on the properties of poly(tri-
methylsilylcyclooctatetraene) (poly(TMSCOT)). Other deriva-
tives will be reported elsewhere.’

1) ROMP Me,Si
D T NN
Me;Si g
trans -poly(TMSCOT)

Poly(TMSCOT) is readily prepared on a multigram scale in
a nitrogen drybox. In a typical small-scale polymerization, the
tungsten catalyst'® (2 mg, 2.5 umol) is dissolved in a solution of
20 uL of tetrahydrofuran and trimethylsilylcyclooctatetraene!!
(100 mg, 0.6 mmol). The yellow solution is then transferred by
pipette onto a glass slide. During the course of the polymerization,
the color of the material changes to red as it solidifies. The
resulting free-standing polymer film is readily soluble (>1 mg/mL)
in carbon tetrachloride, benzene, and tetrahydrofuran. Gel
permeation chromatography indicates that the polymer is of high
molecular weight.!>!3
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The visible absorption of undoped poly(TMSCOT) solutions
shifts to lower energies irreversibly upon exposure to light. This
is attributed to a cis—trans isomerization of the polymer.!* The
course of a photolysis experiment!> was monitored by UV-vis
(Figure 1) and "H NMR spectroscopy.'¢ Differential scanning
calorimetry thermograms!? of the polymer before and after
photolysis are shown in Figure 2.17 An exotherm present at 145
°C in the nascent polymer is not observed after photolysis. Since
polyacetylene thermally isomerizes from cis to trans at 150 °C,'8
these data are consistent with the hypothesis that poly(TMSCOT)
is undergoing a cis—-trans isomerization upon photolysis in solution.
The initially formed polymer is expected to have a high cis content
since three of the four cis double bonds of the monomer are
unlikely to be affected by the metathesis polymerization. Highly
reflective soluble polymer films can be cast from a photolyzed
purple solution.?®

Upon daping with iodine, the conductivities of the cis films are
less than 1075 Q@' cm™, while the conductivities of the trans films
are typically 0.2 @' cm™.'82021 By comparing the absorbance
maximum of undoped trans-poly(TMSCOT) (512 nm) to the
maxima of polyenes prepared by Schrock and co-workers,? the
effective conjugation length of trans-poly(TMSCOT) is thought
to be greater than that of a polyene containing 15 unsubstituted
double bonds. The lowest energy absorption maximum observed
for the cis polymer is at 380 nm, implying an average effective
conjugation length of less than nine double bonds. trans-Poly-
(TMSCOT) can also be compared to a polymer made from a
substituted acetylene, for example, poly(trimethylsilylacetylene),’
depicted below, which shows a conductivity of 10™* Q™! cm™ when
saturated with iodine. Presumably, the placement of substituents
at every other carbon induces sufficient twisting of the poly-
(trimethylsilylacetylene) backbone to significantly decrease the
effective conjugation length of the polymer w-system.?> The
poly(RCOT) methodology allows placement of the substituents
at every eighth carbon atom, on the average, and consequently
results in polymers of higher conjugation length. In the present
case, where R = Me,Si, this substitution pattern is sufficient to
render the polyene soluble.
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Because of its solubility and conductivity, poly(TMSCOT) is
a candidate for study in a variety of investigations. For example,
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we are examining spin-coated films for third-order nonlinear
optical properties.?* The polymer is amorphous, so losses due
to light scattering are less than one observed for crystalline ma-
terials. Additionally, we have found that thin transparent films
of I,-doped poly(TMSCOT) can be used in Schottky barrier type
solar cells.?

In summary, ROMP of trimethylsilylcyclooctatetraene, followed
by photolysis in solution, provides a soluble, trans-polyacetylene
derivative in which the substituents are placed a sufficient distance
apart to allow conjugation along the backbone. Work is underway
using the RCOT/ROMP methodology to develop other poly-
acetylene derivatives which are soluble, more conductive, and
air-stable.
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The ability of host molecules M to discriminate among various
guest cations Me™ is widely known.? Like this shape-selective
encapsulation [MMe™], site-specific complexation at electron-rich
centers may also successfully compete with cation solvation, es-
pecially, if additional Coulombic attraction by the negative charge,
e.g., of a molecular radical anion M*~, helps to stabilize the re-
sulting contact ion pair radical [M*"Me*]*.>> Moreover, if M*~
contains several appropriate docking sites and can be generated
by single electron transfer in aprotic solution with surplus Me*X~
content, contact triple ion radical cations, [Me*M*"Me*]**, with
two identical counter cations readily form.5® They are best
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