This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 11:22

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
Incorporating Nonlinear Optics

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Structure of Novel Symmetrical and

Unsymmetrical Diacetylenes

M. Bertault * & L. Toupet ?

& Groupe de Physique Cristalline, URA au CNRS n°040804, Université
) i e de Rennes I, Campus de Beaulieu, 35042, REUSES CEDEX, France
Version of record first published: 22 Sep 2006.

To cite this article: M. Bertault & L. Toupet (1990): Structure of Novel Symmetrical and
Unsymmetrical Diacetylenes, Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics,
187:1, 267-273

To link to this article: http://dx.doi.org/10.1080/00268949008036051

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.

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.



http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008036051
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:22 19 February 2013

Mol. Cryst. Lig. Cryst., 1990, vol. 187, pp. 267273
Reprints available directly from the publisher
Photocopying permitted by license only

© 1990 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

SYNTHESIS, POLYMERIZATION AND X-RAY STRUCTURE OF NOVEL
SYMMETRICAL AND UNSYMMETRICAL DIACETYLENES

M. BERTAULT and L. TOUPET
Groupe de Physique Cristalline, URA au CNRS n°040804, Université
de Rennes I, Campus de Besaulieu, 35042 RENNES CEDEX (France).

Abstract Some preliminary solid-state properties of a new symme-
trical diacetylene and an unsymmetrical derivative with toluene
sulfonate side groups are reported. The unsymmetrical compound
presents a stable non polymerizable form and a metastable polyme-
rizable one.

INTRODUCTION

Diacetylenes are compounds, R —OCHz-C=C-C=C-CH O—R where R is R or
different from R,. Some of them, such as pTS (3) (where R = R =
p-CH -Ph-SO ) and analogous compounds, undergo in crvstalline state
topochemically controlled solid-state polymerization, eventually viel-
ding monocrystals of conjugated polymer chains extended along crystal-
lographic directions!. Unsymmetrical compounds are a potential source
of non-centrosymmetrical crystals with, eventually, non-linear optical
properties?.

In connection with our previous studies in this area®'*'®'%, we re-
port synthesis and X-ray structure of a new symmetrical derivative of
hexa-2,4-diyne-1,6-diol (1) and m—CHa-Ph-Sozcl, named di-mTS (4) which
is not polymerizable, and an unsymmetrical diacetylene pTS-mIS (5)
which combines the side group of pTS with that of di-mTS. Note that pTS
exhibits an incommensurate phase in the range from ~ 155 to 195 K. Its
low temperature structure is still monoclinic P Zl/c (as at high tempe-
rature) with a doubling of the cell dimensions (Z = 4) and two inequi-
valent sites for each structural wunit!®-!'. All these compounds are
listed in table I.

[5271/267
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TABLE I New diacetylenes (4)-(5) and related compounds

R,~OCH -C=C-C=C-OCH -R,

Ry R,
HDOD | (1) H H
(2) p-CH,C¢H,~SO, H

(3) p-CH3C‘ H*-SOz p"CH506H|,'SOg

di-mTS| (4) m-CHyC,H,~SO,  mM-CHy~C¢H,~SO,

mTS-pTS| (5 p-CH;=C(Hy-SO, m-CHy=C;H,~SO,

SYNTHESIS AND CRYSTALLIZATION

For the preparation of the symmetrical di-mTS (4), diol (1) was di-es-
terified in the presence of one equivalent of m-toluenesulfonyl chlori-
de (liquid at room temperature) in ice-cooled acetone. Then an aqueous
solution of NaOH was added dropwise. After separation of the resulting
precipitate, the crude product was chromatographed over a silica gel
column with dichloromethane/hexane (volume ratio 8:2) as the eluant.
Crystals of (4) suitable for structural studies were grown from acetone
at 4°C. They did not turn pink at room or at higher temperature, indi-
cating that this compound does not polymerize.

For the preparation of the unsymmetrical pTS-mIS (5), diol (1) was
first mono-esterified to give (2) (as indicated in reference 3) in pre-
sence of p-toluenesulfonyl chloride. Next (2), reaction with one equi-
valent of m-toluenesulfonyl chloride in ice-cooled acetone and dropwise
addition of an aqueous solution of KOH yielded the diester (5). After
filtration and separation by chromatography over silica gel with
dichloromethane/diethyl ether (volume ratio 9:1) as the eluant, the
final compound obtained was pale yellow. Sometimes it undercooled at
room temperature.

Crystals of (5) suitable for structural studies were grown

- fraom acetone at 4°C yielding a stable form (5)a which gave small

transparent, colourless, non-polymerisable crystals (melting peint

~ §9°C).

- from dichloromethane/ethanol (volume ratio 9:1) as the solvent,

at about -5°C, vyielding a metastable form (5)b which gave small

transparent crystals (melting point ~ 36°C). First these crystals
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turned pink at room temperature (or at 0°C,not so rapidly). At the
same time they changed slowly giving material which no longer dif-
fracts after 24 hours at room temperature when studied on an
x-ray diffractometer.

CRYSTAL STRUCTURE DETERMINATION OF DIACETYLENE (4) and (5)

Small plates of (4) and (5) (0,3 x 0,3 x 0,15 mm in size) were studied
on an Enraf-Nonius CAD-4 automatic diffractometer and data were pro-
cessed with a PDP8 computer. For the low-temperature structure determi-
nations, the crystals were flushed with a stream of nitrogen gas. The
unit cell parameters were determined from the angles of 25 strong
reflections and the structures were solved by direct methods.

Symmetrical diacetyiene di-mTS (4)
The structure at room temperature (T = 293 K) was monoclinic, space
group P21/c, with four molecules in the unit cell. The lattice parame-
ters are a = 11.514(6) & ; b = 11.429(9) & ; c = 16.184(4) A ;
B = 111.28(3)° ; V = 1984 &%

The crystals do not show any phase transition from room temperatu-
re down to 130 K.

Figure 1 shows a drawing of the di-mTS molecule in the crystal
with the atoms numbered. The plane of the figure contains the diacety-

lene rod, which is non-linear : for example the angle between three ad-
jacent carbons ccC,C, orccCC  , is 177 to 178°. One of the side
groups is folded towards the diacetylene rod. The O . S. C. = angle is

close to 104°. The Clzclaoll is angle close to 110°.

1111 14

FIGURE 1 di-mTS molecule (4) 293 K structure with atom labelling
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Figure 2 is a drawing showing the unit cell with the four molecu-
les and the curvature of the diacetylene rods in perspective.

A |,

FIGURE 2 Drawing in perspective of the di-mTS unit cell

The half-folded molecule of di-mIS adapts in the crystal a confor-
mation which prevents the close approach of the potentially reacting C
atoms necessary for the polymerization of adjacent molecules, as is ob-
served in pIS'. This explains the lack of solid-state reactivity of di-
mIS. It is prevented by steric hindrance, as already observed in a
series of sulfonate disubstituted diacetylenes’ where the two lateral
groups are folded back.

Unsymmetrical diacetylene pTS-piTS (5)
It had been previously indicated that crystalline pTS-mTS is polymor-
phic and presents a stable form, (5)a, and a metastable form (5)b.

The structure of (5)a at room temperature (T = 293 K) is monocli-
nic, space group P Zl/c, with four molecules in the unit cell. The lat-
tice parameters are : a = 16.595(7) & ;: b =7.65(1) A :
c=16.70(1) & ; B = 110.21(3)° ; V = 1990 A3.

The crystals do not show any phase transition from room temperatu-
re down to 130 K.

Figure 3 shows the projection of the crystal structure on the
plane containing the diacetylene rods and b axis, and Figure 4 shows
the projection on plane (101) of the molecules of a row.
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FIGURE 3 Crystal packing of FIGURE 4 Projection of (5)a
{(5)a in projection on the plane on plane (101)
of the diacetylene stacks

It can be observed that the packing of the (5)a diacetylene
molecules is similar to that of the symmetrical reactive pTS (3), but
the solid state polymerization of pTS-mTS is prevented because the
distance between diacetylene rods (d = b = 7.65 A at 293 K) and their
mean angle with b axis (¢ = B85°) are too large compared to the
corresponding packing parameters for pTS at 295 K* (A =b =5.18 A, ¢ =
45.6° and R = 3.64 A, the distance between the reacting C atoms of
adjacent molecules). This fulfills the geometrical criteria for
polymerizability °. Separation R € 4 A, tested using crystal structure
data for reactive and unreactive diacetylene monomers, is a good crite-
ria for solid-state polymerization'. In the case of pTS-mIS, R is near
8 &, much too large for reaction to occur.

The structure of (5)b (the metastable form of pTS-mTS) was resol-
ved at T = 133 K and was monoclinic, space group P Zl/c. with four
molecules in the unit cell. The lattice parameters of the monomer are a
= 14.752(8) A ; b= 5.11(1) & ; ¢ = 26.01(2) & ; B = 97.27(5)° ; V=
1946 A°.

The crystals do not show any phase transition from room
temperature down to 130 K. It Is interesting to compare those values to
the lattice parameters of monomer pTS at T = 120 K (space group P 2‘/c,

Z =4)'"":a = 14.745(7) A :b = 5.086(2) & ; c = 25.738(12) & ;
B = 91.71(5)° ; vV = 1929 A°.
Figure 5 shows the projection of the monomer structure of (5)b
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onto the plane of the diacetylene stacks which are extended along the
crystallographic b axis. Figure 6 shows the projection on the (ac) pla-
ne of the molecules of a row.
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FIGURE 5 Crystal packing of FIGURE 6 Projection on plane
(5)b in projection on the (101) of monomer (5)b
plane of diacetylene stack (130 K structure)

The parameters of the unit cells of pTS and pTS-mTS at about the
same temperature are very close. It is the same at room temperature for
the b parameter, which is the packing direction of (3) and (5)b molecu-
les. Thus crystalline conformation of pTS-mIS allows reactive packing
of the monomer units. All the criteria for solid-state polymerization
are satisfied :;: the angle between diacetylene rods and b axis, ¢ = 44°,
separation of the monomer units, d = b axis, distance between
potentially reactive carbons c,—Cc', of adjacent molecules R ~ 3.65 A
(figure 5).

The observation that the crystals of pTS-mTS turn pink at room
temperature or at 0°C indicates that this compound can polymerize. But,
as at the same time the crystals change to a material which no longer
diffracts after 24 hours at room temperature and become pale vellow in
colour (much slower at 0°C or at lower temperature where the polymeri-
zation is almost prevented), the solid-state thermally induced reaction
cannot be really observed. A study is in progress to try to pramote X
or T7T-ray induced polymerization at sufficiently low temperature so as
to prevent crystal change and damage.
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