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Development of new π-conjugated polymers is of
importance because of their potential application in
advanced materials with electroconductive, liquid crys-
talline, optical nonlinear properties, etc.1,2 The pal-
ladium-catalyzed polymerization system represents a
useful strategy for the preparation of these polymers.
For instance, the application of the Suzuki coupling,3
the Stille coupling,4 the Sonogashira coupling,5 and the
Heck reaction6 enables to supply a wide variety of
conjugated polymers, including polyarylenes, poly-
(arylene-ethynylene)s, and poly(arylene-vinylene)s.

On the basis of the palladium-catalyzed ternary
coupling reactions, we reported recently the three-
component polycondensations using bis(allene)s7 or bis-
(acetylene)s8 to obtain highly functionalized polymers
such as poly(arylene-vinylene)s consisting of the build-
ing blocks originating from the three kinds of monomers.
That is, the application of appropriate three-component
coupling reactions to the polycondensation systems
might provide a new synthetic method for sequentially
controlled functional polymers such as π-conjugated
polymers with additional features. To explore other
possibilities and to prepare novel π-conjugated polymers
having enyne moieties as repeating units with ordered
sequence, we report herein the three-component coup-
ling polymerization of diiodobenzene (1), norbornadiene
(2), and bis(organostannane) (3) and the subsequent
retro-Diels-Alder reaction (Scheme 1).

On the basis of the coupling reaction reported by
Kosugi et al.,9 the three-component coupling polymer-
ization of p-diiodobenzene (1), norbornadiene (2), and
1,4-bis[(trimethylstannyl)ethynyl]benzene (3) was car-
ried out at 100 °C for 2 days in toluene by using Pd-
(PPh3)4 as a catalyst (2 mol %).10 A polymer with a
number-average molecular weight (Mn) of 13 500 and a
polydispersity of 1.48 (GPC, relative to polystyrene)
possessing sequentially three regular building blocks (4)
was obtained in 82% yield. The pale yellowish powdery
polymer (4) thus obtained is soluble in common organic
solvents and has a good film-forming character when
cast from CHCl3. The structure of 4 was confirmed by
1H NMR, 13C NMR, and IR spectra and elemental
analysis.11 By thermogravimetric analysis (TGA), the

onset of the retro-Diels-Alder reaction was observed at
ca. 116 °C (lower than that of a model compound by ca.
62 °C),12,13 and the 10% weight loss (Td10) was observed
at 203 °C. The polymer (4) is stable at room tempera-
ture. However, when heated at 165 °C under vacuum
either in solution or after being processed into thin film,
4 was converted into a polymer having enyne units (5)
via the retro-Diels-Alder reaction with release of cy-
clopentadiene (Scheme 1). Although the resulting poly-
mer (5) is insoluble in organic solvents, the progress of
the reaction could be monitored by the IR spectra of the
polymer. As shown in Figure 1, the CdC stretching of
the norbornene moieties in 4 at 1570 cm-1 completely
disappeared, and the characteristic peaks for p-phen-
ylene units at 837, 1013, 1404, 1506, and 1601 cm-1

could be observed prominently after the reaction. The
trans- and cis-alkene C-H bendings were also observed
at 1672 and 720 cm-1, respectively.
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Scheme 1

Figure 1. IR spectra of the polymers (4 and 5).
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During the thermal transformation process, we could
observe a gradual color change from colorless to yellow
which might be due to an increase in the average degree
of conjugation along the polymer backbone. This color
change can be monitored by UV/vis spectroscopy: as the
reaction progressed, the absorption spectrum of the
polymer displayed a clear red shift and its λmax and
shoulder reached 335 and ca. 500 nm, respectively
(Figure 2). Emission and excitation spectra of the
resulting polymer (5) were acquired on thin film with
optical absorption maxima of 0.5 (Figure 3), from which
their maxima were observed at 494 and 402 nm,
respectively.

The three-component polymerization might be suit-
able for preparation of a variety of functional polymers
including π-conjugated polymers, since three building
blocks are expected to be incorporated into the polymer
structures with ordered sequence. Synthesis of soluble
π-conjugated polymers having enyne moieties as repeat-
ing units and the detailed study of their properties are
currently ongoing.
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Figure 2. Change in UV/vis spectra by retro-Diels-Alder
reaction under vacuum at 165 °C (traces taken every 30 min).

Figure 3. Emission (‚‚‚) and excitation (- - -) spectra of 5.
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