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Although a wide variety of conjugated polymers have 
been studied,l polyacetylene remains the defining example 
of a conducting organic material. Because of its insolubility 
and intractability, at least two recent synthetic efforts 
have been directed at the preparation of soluble precursor 
polymers that can be transformed into polyacetylene.2 
Although successful, these methods utilize monomers that 
are either difficult to synthesize or thermally unstable 
and catalyst systems that are highly sensitive to temper- 
ature, air, and moisture. We have therefore been interested 
in developing a simple, benchtop precursor route into 
polyacetylene using readily available monomers and 
catalysts. We would now like to report the synthesis of 
a stable, soluble polyacetylene precursor polymer prepared 
from a palladium(I1)-catalyzed aqueous emulsion polym- 
erization and its subsequent thermal conversion to poly- 
acetylene. 

It has been reported that palladium(I1) salts will 
polymerize bicyclo[2.2.11 hept-2-ene derivatives and bicycle 
[2.2.l]hepta-2,5-diene via a 1,2-vinyl-insertion mecha- 
n i ~ m . ~  We became interested in expanding the scope of 
this reaction by incorporating functional groups in the 
monomers to yield highly reactive precursor polymers. 
To this end, we synthesized the monomers diethyl 
7-oxabicyclo[2.2.11hepta-2,5-diene-2,3-dicarboxylate (1) 
and diethyl bicyclo[2.2.11 hepta-2,5-diene-2,3-dicarboxy- 
late (2) via simple Diels-Alder reactions of diethyl 
acetylenedicarboxylate with furan or cyclopentadiene, 
re~pectively.~ During preliminary test reactions we found 
that Pd(CHsCN)4(BF4)2, normally a highly reactive in- 
sertion catalyst, failed to polymerize either 1 or 2 under 
all conditions. We did find, however, that in rigorously 
anhydrous organic solvents Pd(0Ac)z catalyzed the slow 
oligomerization of 1 over the course of several days. 
Surprisingly, addition of water to the reaction mixture led 
to a subsequent increase in the activity of the catalyst 
(4-5 fold increase in polymer yield at comparable times). 
The exact role of water remains unknown; the possibilities 
include nucleophilic attack by water on a Pd-bound 
monomer to yield a Pd-alkyl species similar to the Wacker 
process5 or the water-induced breakup of inactive palla- 
dium aggregates.6 Because excess water does not act as 
an inhibitor, the most convenient reaction conditions 
involve a simple aqueous emulsion polymerization of 1 or 
2 initiated by PdClz (eq 1). 

( X  = 0, CH?) E t02d  'C02Et 

Both poly(diethy1 7-oxabicyclo[2.2.llhepta-2,5-diene- 
2,3-dicarboxylate) (poly-1) and poly(diethy1 bicyclo[2.2.11- 
hepta-2,5-diene-2,3-dicarboxylate) (poly-%) are readily 
soluble in a variety of organic solvents. A typical polym- 
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Figure 1. UV/vis study of the thermal transformation of poly-1 
at 120 O C  to form polyacetylene. (Traces taken every 6 min.) 
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Figure 2. 'H NMFt solution kinetics in o-dichlorobenzene-dr of 
the conversion of poly-1 to  polyacetylene at 120 OC. 
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erization with Pd(0Ac)z using a monomer to initiator ratio 
of 200 gives a polymer in 75 % yield with a molecular weight 
(GPC, relative to polystyrene) of 28 OOO and a polydis- 
persity of 1.8. The structures of poly-1 and poly-2 were 
confirmed by IR, IH NMR, and {'H) 13C NMR spectro- 
scopic methods as well as by elemental analy~is.~ Both 
the lH NMR and 13C NMR spectra of poly-1 and poly-2 
show evidence of microstructure, the nature of which has 
yet to be elucidated. Kinetic studies of the homogeneous 
polymerization of 1 in wet chloroform-d revealed a zero- 
order rate dependence on monomer, a first-order rate 
dependence on catalyst, and a kobs of 4.2 X 1W s-l (i.e., 
-d[ll/dt = k,a[Pd2+1).8 This rate behavior suggests that 
propagation involves a monomer-independent, rate-de- 
termining insertion process. 
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Figure 3. Group increment calculations for the retro Diels-Alder reactions of repeat units (a) adjacent to  two saturated units and 
(bjadjacent to two uneaturated units. 

Poly-1 is stable at room temperature; however, when 
heated at 100 OC either in solution or after being processed 
into thin films, this polymer is transformed into poly- 
acetylene via a retro [4+21 Diels-Alder reaction which 
liberates 3,ddisubstituted furans (Scheme I).9 During the 
thermal transformation process we observed a gradual 
color change from clear to deep purple which we attribute 
to an increase in the average degree of conjugation along 
the polymer backbone.1° This color change can be 
monitored by UV/vis spectroscopy: a precursor polymer 
with a molecular eight of 29 100 (relative to polystyrene) 
displayed an absorbance that red-shifted over time and 
culminated in an ultimate wavelength of 549 nm (Figure 
1). 

Three additional independent techniques were used to 
characterize the polyacetylene produced as well as to probe 
the level of conversion of the precursor polymers. The DR 
absorbance at 1008 cm-l and the fundamental trum- 
polyacetylene Raman resonances at  1086 and 1484 cm-' 
(as well as the absence of any other signals in either 
spectrum) confirm the complete transformation of poly-1 
to alZ-tram-polyacetylene.ll Presumably, the originally 
formed cis-polyacetylene is rapidly converted to tram at 
these temperatures.12 Complete transformation of these 
precursor polymers was also confirmed by collecting the 
cyclic diene byproduct. When poly-1 was heated under 
vacuum (25 mTorr), analytically pure diethyl furan-3,4- 
dicarboxylate was collected in 96% yield.13 

An investigation of the kinetics associated with the 
conversion of poly-1 to polyacetylene was conducted in 
the solid state using thermal gravimetric analysis (TGA) 
and in solution using 'H NMR. As evidenced by curvature 
in the firat-order plots (monitoring the loss of repeat units 
versus time) (Figure 21, both sets of kinetic data indicate 
that the retro Diels-Alder reaction is autoaccelerated. 
Using arguments based on the Hammond postulate, we 
attribute this rate acceleration to a decrease in the 
endothermicity of the retro Diels-Alder reaction. This 
favorable thermodynamic shift results from the continually 
changing electronic structure of the polymer backbone as 
it becomes more unsaturated during the reaction. Group 
increment calculations show that the retro Diels-Alder 
reaction for a repeat unit adjacent to two unsaturated 
units is 18 kcal/mol less endothermic than the retro Diels- 
Alder reaction for a repeat unit adjacent to two saturated 
units (Figure 3). Hence, the retro reaction should be faster 

for repeat units adjacent to unsaturated units in the 
polymer backbone that were formed by prior retro Diels- 
Alder reactions. 
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