This article was downloaded by: [Tomsk State University of Control Systems and
Radio]

On: 18 February 2013, At: 14:49

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid
Crystals Science and Technology.
Section A. Molecular Crystals and
e Liquid Crystals

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Crystal State and Liquid

Crystal State Polymerization of
Unsymmetrical Diacetylenes with an
Orientation-Controlling Substituent

Tsunehisa Okuno ? , Masanori Fukada ® , Akira Izuoka * ,
Naoki Sato ° & Tadashi Sugawara

# Department of Pure & Applied Sciences, College of Arts
&Sciences, The University of Tokyo, Komaba, Meguro-ku,
Tokyo, 153, Japan

b Department of Chemistry, College of Arts &Sciences, The
University of Tokyo, Komaba, Meguro-ku, Tokyo, 153, Japan
Version of record first published: 04 Oct 2006.

To cite this article: Tsunehisa Okuno , Masanori Fukada , Akira Izuoka , Naoki Sato & Tadashi
Sugawara (1992): Crystal State and Liquid Crystal State Polymerization of Unsymmetrical
Diacetylenes with an Orientation-Controlling Substituent, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 217:1,
59-64

To link to this article: http://dx.doi.org/10.1080/10587259208046877

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259208046877
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 14:49 18 February 2013

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever
caused arising directly or indirectly in connection with or arising out of the use of
this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 14:49 18 February 2013

Mol. Cryst. Lig. Cryst. 1992, Vol. 217, pp. 59-64
Reprints available directly from the publisher
Photocopying permitted by license only

© 1992 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

CRYSTAL STATE AND LIQUID CRYSTAL STATE
POLYMERIZATION OF UNSYMMETRICAL DIACETYLENES
WITH AN ORIENTATION-CONTROLLING SUBSTITUENT

TSUNEHISA OKUNO, MASANORI FUKADA, AKIRA IZUOKA,
NAOKI SATO'and TADASHI SUGAWARA

Department of Pure & Applied Sciences and Department of
Chemistry, College of Arts & Sciences, The University of
Tokyo, Komaba, Meguro-ku, Tokyo 153 Japan

Abstract Unsymmetrically substituted diacetylenes (1-5)
with a mesogenic core on one side were prepared. As a
substituent on the other side was introduced para-
substituted benzenesulfonyl group, which is a substituent
of symmetrically substituted diacetylenes PTS and PCS.
Both diacetylene monomers 1 and 2 were found to poly-
merize by heating in solid state with a similar reactivity,
which shows a sharp contrast to a large difference in
reactivity between PTS and PCS. Hydroxymethyl derivative
3 polymerized in both crystal state and liquid crystal
state. Characteristic reaction behavior of 3 in a nematic
phase was elucidated. Other examples of reactive
unsymmetrical monomers are presented.

INTRODUCTION

Polydiacetylenes, which are obtainable from solid state poly-
merization of diacetylenes!, have drawn attention from the view
of their physical properties, e.g. optical nonlinearity?, photo-
conductivity’, or magnetism’. Reactivity of solid state
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polymerization, however, is strictly governed by the spatial
arrangement of monomers®.

In order to reduce such a restriction on the reactivity it
may be effective to introduce a substituent which can control
the orientation of monomers in crystals. In this respect, we have
interested in a mesogenic substituent, a benzylidene-aniline
moiety with a long alkyl chain at the para position. The merit
of designing such unsymmetrical diacetylenes with mesogenic
orientation-controlling site (MOCS) is twofold. First, its reactivity
in the crystal phase may be enhanced by the favorable alignment
realized by the aid of MOCS. Second, the monomer has a
potentiality to polymerize in liquid crystal phases, even if the
reactivity of the monomer is poor in the crystal phase. Here we
report the reactivity of newly designed monomers (1-5) with
MOCS in crystal or/fand liquid crystal phases.

[ j_cEc—cEc_—O

MOCS REACTION FUNCTIONAL
SITE SITE

EXPERIMENT

Unsymmetrical diacetylenes 1 or2 (mp 101°C, 103°C, respectively)
where para-methyl or para-chloro benzene-sulfonyl group is
introduced on one end and MOCS on the other, were synthesized
as shown in Scheme 1°. Thermal polymerization of 1 or 2 in the
crystal phase was carried out in an electric oven at 90+2°C.
The progress of the polymerization was monitored by the
decrease of the intensity of vecband (2244 cm™) in FT-IR spectra.
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SCHEME 1 Synthesis of umsymmetrical diacetylenes(1,2).

ouc-@—c;c-ﬂ abe onc-@-cEc-cEc-cnzosoz—O-x
—d . n-CsH"O-@-N:CH-@-CEC-CEC-CH;OSO;—@-X

(a) Br-C=C-CH,OH, CuCl, NH,OH-HCl, EtNH,aq; (b) IN HCLEtOH; (c) p-Me or
p-Cl substituted benzenesulfonyl chloride, KOHaq,THF; (d) octyloxy-aniline,
benzene

RESULTS AND DISCUSSION

Both 1 and 2 was found to polymerize smoothly after several
hours of an induction period (Figure 1). The reaction behavior
1s characteristic to the solid state polymerization. The obtained
polydiacetylenes are black and keep the shapes of monomer
crystals. Absorption spectra of the polymers were measured in
thin KBr disks to show an absorption end at 700 nm, which
confirms the presence of a long m-conjugated chain.

The reactivity of 1 or 2 should be compared with those of
2,4-hexadiyne-1,6-diol bis(p-toluenesulfonate) (PTS) and 2,4-
hexadiyne-1,6-diol bis(p-chlorobenzenesulfonate) (PCS). While
PTS exhibits high reactivity of polymerization even at room
temperature, PCS does not show any reactivity, although the
van der Waals radius of the substituent at para-position(chloro
1.80A, methyl 1.85A ) is approximately the same. The high
reactivity of the former (PTS) is rationalized by the favorable
stacking of monomers for 1,4-addition. The angle between
stacking axis and the long axis of the monomer in the crystal is
45° whereas the corresponding angle in PCS is as large as 67°
The lack of reactivity of PCS is ascribable to the considerable
deviation from the optimum condition for 1,4-addition®.
Contrasting with the above two cases, the reactivity of
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FIGURE 1 Conversion of monomers ( 1 (o), 20),

unsymmetrical monomers 1 and 2 are approximately the same.
The result suggests that the arrangement of monomers is
practically the same and presumably governed by MOCS.

In order to examine the validity of MOCS in the absence of
benzenesulfonic group which is considered to play some role in
arranging monomers in crystals, benzenesulfonic group was
replaced  with hydroxymethyl group or hydrogen (34). The
diacetylene derivative 3 was confirmed to have a nematic
phase above the melting point (mp 122-123°C) base on the
observation of the dynamic scattering mode through a microscope
under external electric fields larger than 1600 V/ecm. A differential
scanning calorimetric (DSC) diagram reveals that an exothermic
reaction occurs at temperature higher than 130°C.

Diacetylene 3 ~was heated in both crystal and liquid crystal
phase under a helium atmosphere at 110°C and 130°C,
respectively. The decay curve at 110°C is characterized by the
presence of a long induction period of ca. 50h; thereafter, the
reaction proceeds smoothly giving a sigmoid trace, which is
consistent with the  kinetic  feature of polymerization of
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induction period, suggesting that the favorable alignment of the
monomer for 1,4-addition can be realized in the nematic phase
and that the local motion of the monomer is not so restricted as
in the crystal phase'®.  Another feature of the liquid-crystal
polymerization is formation of oligomers at the initial stage of
polymerization. The reactivity of the other unsymmetrical
diacetylenes with MOCS in the nematic phase is summarized in
tablel.

TABLE 1 Thermal polymerization reactivity of diacetylenes

with MOCS
n-CaH17O—©—-N=CH—©—CEC—CEC—R
Substituent R Reactivity
—CH,080,—{ H-cHy 1 + +
— cH050,~ N-c1 2 + +
—CH,0H 3 +
—H 4 +++
& 3 +
CONCLUSION

Although the examples are limited at present, the idea of
introducing a mesogenic substituent as the orientation-controlling
site (MOCS) seems effective in obtaining polydiacetylenes with
various substituents. Furthermore one can carry out the
polymerization in liquid crystal phases when the reactivity is
poor in the crystal. The liquid-crystal phase polymerization
will supply a useful method for preparing novel families of
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poor in the crystal. The liquid-crystal phase polymerization
will supply a useful method for preparing novel families of
polydiacetylenes of various interests. Preparation of
unsymmetrical diacetylenes carrying donors, acceptors or stable
radicals now in progress in these laboratories.
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