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First Example of Polydiacetylene from Diacetylene Monomer with Directly Linked Thienyl
Sidegroup for Third-order Nonlinear Optics
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This work reports the first example of polydiacetylene(PDA)
which has one of the side groups as a thienyl moiety directly
linked to the m-conjugated backbone. The monomer, 8-(2-
thienyl)-5,7-octadiynyl N-phenylcarbamate, undergoes solid state
polymerisation via 1,4-addition reaction to yield the
corresponding polydiacetylenc.The third order nonlinear optical
susceptibility of the polymer has also been evaluated.

The topochemical polymerisation of diacetylene(DA) to PDA
in solid state(scheme 1) has generated enormous interest due to
the unique single-crystal-monomer to single-crystal-polymer
transformation and due to the unique optical and electronic
propertics of the conjugated PDA.1® The choice of sidegroup in
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Scheme 1. Topochemical polymerisation of diacetylene.

a DA is of vital importance because it solely controls the reactivity
of the monomer as well as it controls all the properties of the
resulting PDA. In an effort to enhance the sidegroup contribution
in the conjugated backbone of PDA, our group as well as some
other groups have been trying to use directly linked aromatic
moieties as the sidegroups in DA.*6 Some success have been
achieved to this end. However, the sidegroup which we have
been most interested in, is the thienyl moeity. The thiophene, due
to its S-atom, is of great interest as can be gauged by its use in
conducting and superconducting materials. Thus, a directly
bound thienyl moiety to the main chain backbone is expected to
improve the electronic properties of the PDA. Our efforts till date
have produced few such monomers, namely, 1,4-bis(2-
thienyl)butadiyne®, 1,4-bis(3-thienyl)butadiyne® and 1,8-bis(2-
thienyl)-l,3,5,7-octatctrayne? but none of them could react to
produce PDA as their crystal packing geometries do not conform
to the ideal conditions for topochemical reaction. Therefore, we
very carefully replaced one of the sidegroups with an alkyl chain
having a terminal phenyl urethane unit. As a result, we obtained
the first DA with formally linked thienyl moiety which can
undergo topochemical polymerisation. In this letter, we report the

synthesis and solid state polymerisation of a diacetylene which is
unsymmetrically substituted with a 2-thienyl moiety and a
urethane as the two sidegroups. The monomer, to our great
satisfaction, undergoes 1,4-addition polymerisation in solid state
to provide violet coloured PDA.

The monomer, 8-(2-thienyl)-5,7-octadiynyl N-
phenylcarbamate, 7 was prepared following scheme 2. Syntheses
of 2, 3 and 5 were carried out as reported in the literature.”*® The
precursor diacetylenc 6 was prepared in 50% yield by cross
coupling 3 with the alcohol 5. 6 is an oil at room temperature.
The monomer 7 was prepared by reacting 6 with phenyl
isocyanate in presence of dibutyltin dilaurate.’
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Scheme 2. Synthetic route for diacetylene 7.

Solid state polymerisation of the monomer was carried out by
irradiating it with UV or y-radiation. The polymer was
characterised by IR, UV and solid state NMR spectroscopy. The
Amax of the polymer is 590 nm. The polymer is insoluble in
organic solvents. The FTIR revealed the formation of PDA via
1,4-addition reaction. The acetylenic peaks at 2220 and 2150
em! corresponding to the acetylenic bonds of the monomer
diminishes gradually as the formation of polymer progresses.
Figure 1 shows the solid state 13C NMR of monomer and the
partial polymer. The CP MAS 13C NMR of monomer showed
peaks corresponding to the acetylenic C-atoms at 65, 66, 78 and
87 ppm. The methylene C-atom adjacent to the urethane moiety

Copyright © 1998 The Chemical Society of Japan






