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

On: 21 February 2013, At: 10:22

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
Publication details, including instructions for authors and subscription
information:

http://www.tandfonline.com/loi/gmcl16

Extending the Diacetylene Polymerization
Concept — A Reactive Intermediate
Analysis

Daniel J. Sandman ?

% GTE Laboratories, Incorporated 40 Sylvan Road Waltham,
) i e Massachusetts, 02254
Version of record first published: 17 Oct 2011.

To cite this article: Daniel J. Sandman (1984): Extending the Diacetylene Polymerization Concept — A
Reactive Intermediate Analysis, Molecular Crystals and Liquid Crystals, 105:1, 67-75

To link to this article: http://dx.doi.org/10.1080/00268948408071643

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/gmcl16
http://dx.doi.org/10.1080/00268948408071643
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 10:22 21 February 2013

Mol. Cryst. Lig. Cryst. 1984, Vol. 105, pp. 67-75
0026-8941/84/1054-0067/$18.50/0

© 1984 Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

EXTENDING THE DIACETYLENE POLYMERIZATION CONCEPT —
A REACTIVE INTERMEDIATE ANALYSIS

DANIEL J. SANDMAN

GTE Laboratories, Incorporated
40 Sylvan Road

Waltham, Massachusetts 02254

Abstract. In the interest of identifying monomer
structures which might lead to further examples of
fully crystalline conjugated polymers, the struc-
tures of diradical (DR) and dicarbene (DC) species
which might be obtained from an assortment of mono-
mers more extended in length than diacetylenes are
qualitatively discussed in terms of their genera-
tion and possible reactivity patterns.

The solid state polymerization of diacetylene mono-
mers is by now a model process for the production of macro-
scopic fully ordered crystals of conjugated polymers.
Beyond the interesting process of their formation, the
polydiacetylenes exhibit optical and electronic properties
which are clearly of fundamental interest, as well as po-
tentially technologically useful. It is therefore appro-
priate to seek related monomer molecular structures and in~
quire into their possible solid state reactivity in the
hope of finding further examples of fully crystalline con-
jugated polymers.

It 1s a straightforward exercise to list numerous mo-
lecular structures of conjuated monomers which are greater
in length than diacetylenes. To proceed further, it is
appropriate to recognize that species such as the diradi-
cal (DR) and dicarbene (DC¢), listed in Scheme 1 with R as
a generalized substituent, are the likely initiating
species.la2 DR and DC are not resonance structures, as
they have different numbers of unpaired electrons. Quali-
tatively, DR would be expected to be lower in energy than
DC because fewer pi bonds are broken in its formation.

The oligomers of DR and DC, as well as more complex species,
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are the key species in the propagation of the polydiacety-
lene chain. Hence, this work seeks to analyze the DR and
DC species from monomer molecular structures with more ex-
tended conjugated systems than the diacetylenes, The as-
sumptions implicit in the analysis are: (1) only the DR and
DC intermediates are relevant; (2) only their 1,n (where n
is the number of carbons in the conjugated chain) addition
reactions are important; and (3) in an experimental system,
monomer crystal structure may be controlled to give the
appropriate orientation for 1l,n addition polymerization.
Where appropriate, comparison is made to existing experi-
mental work.

DR AND DC INTERMEDIATES FROM EXTENDED MONOMERS

The simplest cases of monomers more extended than diacety-
lenes are those from tri- and tetra-acetylenes, and experi-
mental StUdZ of examples of both of these cases has been
reported.3’ For 1,6 addition, the DR and DC intermediates
are given in Scheme 1, Interestingly, 1,4 addition poly-
merization is the observed reactivity pattern in the case
where structural information, i.e. lattice constants, is
available,? The 1,6 addition polymerization of a triacety-
lene remains an unobserved reactivity pattern. The struyc—
ture of the product of the tetraacetylene is uncertain.

Scheme 2 shows the DR and DC intermediates for monomers
in which two acetylenic groups are substituents at the end
of a trans polyene chain. Two distinct situations arise,
“While DR intermediates are straightforwardly written, they
are bi-allenic in character, and their polymerization would
lead to a repeating allene structure, If formed, this
polymer would be atactic and would form by a nontopochemical
process, since the planar backbone of the conjugated mono-
mer would lead to nonplanar intermediates and product.

This conclusion may also be applied to other structures in
the Schemes where bi-allene structures are relevant.

The DC intermediates written for direct excitation have
five coordinate carbons. If, as shown in Scheme 2, these
may isomerize via the 1,3 H shift, DC intermediates with
normal carbon valences are arrived at. Tt may be possible
to synthesize the latter DC intermediates via suitable
carbene precursors, This situation also holds for the
monomer in Scheme 2 where a butadiene moiety is replaced
by a butatriene, with the exception that the DC intermediate
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SCHEME 1
e DIACETYLENE POLYMERIZATION

n\ J F'\ e
.C=C=C=C\R .(::—C=C—c\n
Diradical (DR) Dicarbene (DC)

Reference 1 and 2

e TRIACETYLENE POLYMERIZATION
For 1,6 Addition,

R R

“¢=C=C=C=C=C_ “c-c=c-c=c-C_
. R oo
DR DC
1,4 Addition is Experimentally Observed. Reference 3

R

R,

. R L1 d
¢=€=C=Cic=c-n “g-e=c-tic_c_p

o TETRAACETYLENES (See Reference 4)
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SCHEME 2
POLYMERIZATION OF R-C=C-¢- CH=CH -)hc=c -R
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l R
H
R * ")(
R H \ C=C=C\
Ny / C=C=C
€=C=C_ o N R
x /C=C=C' H
H |3
R
This Polymer Would Be Atactic, Formed by a N poch I P
* n = 2: Butadiene
R ? ? . \
YC-C=CH-CH=CH-CH=C-C' — C-CH=CH-C=C-CH=CH-C,
. \  H Shift . N
oc R
R H H
\ 1 \ .
_C:C:C—CH:CH—C=C=C\
R
DR, A Bi-Allene



71

EXTENDING THE DIACETYLENE POLYMERIZATION CONCEPT

"
b

¥\5=5=5= ®9=0=0=0]_
pannbay syIus H

U~g- @omo-omo-:ouonm

H .
(auajje-1q e) uououxonomotxououozm sua

HO=0=0=0=0=Ho-3_ «MUSH 85 5 g 5-5-Ho=5-3 soq
H cl ¢ é H

HO=J3-HO=0=0=HO-D2=0 -H ‘duaujeing :g = U«

(Q3NNILNOD) Z INIHDS

€T0¢ Afeniged Tz Z2:0T e [o1pey pue sweisAS [04u0D Jo AisleAiun amels yswo 1 ] Aq papeojumoq



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:22 21 February 2013

72 D. J. SANDMAN

now requires a 1,2 H shift,

Proceeding to consider the case in which the acety-
lenic groups are para substitutes on a aromatic ring
(Scheme 3), both DR and DC species are quinodimethanylic in
character involving loss of aromaticity. Experimentally,5
the ultraviolet photopolymerization of 1,4-diethylnylnaph-
thalene has been studied. The polymer characterized is
formed by polymerization of only one of the acetylenic
grougﬁ with the remaining acetylene acting as a substitu-—
ent. The polymerization is light-initiated and controlled
by diffusion processes within locally melted regions of the
crystal leading to a disordered product.-®

Scheme 4 contains several additional extended DR and
DC species, If the DR species derived from p-diethynyl-
benzene is extended by replacing allenic with butatrienic
groups, a planar DR species may be written, but it is not
apparent which neutral molecule would lead to that DR.
Two isomeric DC species with aromatic rings related to
this DR may be written. Again, it may be possible to syn-—
thesize suitable carbene precursors to these DC intermedi-
ates, The monomer structure, in which a p-styryl group is
placed between two acetylene groups, leads to an allenic
DR in which the benzenoid ring loses aromaticity.

DISCUSSION

The above analysis emphasizes DR and DC species
formed directly from a given monomeric structure, In ex-
perimental studies of diacetylene initiation and propaga-
tion, the species from the dimer has been observed,“?
but usually not those from a monomer. The above analysis
is justified since a monomer is a molecular crystal and
initially a monomer molecule must be excited. Moreover,
if dimer DR and DC structures for the extended monomers
discussed above are written, the conclusions are the same
for those of the monomer,

The qualitative conclusion that a DR form is lower in
energy than a DC form in diacetylenes need not be the case
in more extended structures. It has been concluded® from
ESR spectra of oligomerized photo-products of the diacety-
lene PTS that the structure of the propagating chain changes
from DR-like to DC-like at a critical chain length of n=6.
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In Scheme 4, the DC structures may be lower in energy
than the corresponding DR because the aromatic structure
of the ring is retained in the former.

In summary, the analysis of DR and DC species derived
from conjugated monomers more extended than simple diace-
tylenes leads to the expectation that DR species formed by
direct excitation which have bi-allenic character will
lead to atactic polymers formed by a nontopochemical pro-
cess, If intramolecular hydrogen shifts occur, DC species
which are constitutionally isomeric to the DR species
could conceivably polymerize in a topochemical process to
give new examples of fully ordered conjugated polymers,
Intramolecular hydrogen shifts are known in solid state
photochemistry, Experimentelly, it is of interest to
learn if the situation is controlled by thermodynamic or
kinetic considerations. Tt is also of interest to attempt
to direct generation of such DC species through synthesis
of suitable carbene precursors. While the analysis pre-
sented herein discusses only DR and DC species, experiment—
ally it is certainly possible that initiation could be
caused by ionization leading to ion-radicals,
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