
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, 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 Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

π-Conjugated Polyradicals
Containing Anthracene
Skeleton in the Backbone Chain
Takashi Kaneko a , Takayuki Matsubara a , Toshiki
Aoki a & Eizo Oikawa a
a Department of Chemistry and Chemical
Engineering, Faculty of Engineering, Niigata
University, Ikarashi 2-8050, Niigata, 950-2181, Japan

Version of record first published: 24 Sep 2006

To cite this article: Takashi Kaneko, Takayuki Matsubara, Toshiki Aoki & Eizo Oikawa
(1999): π-Conjugated Polyradicals Containing Anthracene Skeleton in the Backbone
Chain, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 334:1, 221-228

To link to this article:  http://dx.doi.org/10.1080/10587259908023320

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,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908023320
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

22
 1

7 
A

ug
us

t 2
01

2 



Mol.  Cryrl. ‘mi Lty cryst . ,  1999, Val. 334, pp. 221.220 
Reprints available directly from the publisher 
Photocopying permitted by liceme only 

0 1999 OPA (Overheas Publisher\ Awxiation) N.V. 
Published by license under the 

Gordon and Breach Science Puhhhera imprint. 
Printed in Malay\ia 

n-Conjugated Polyradicals Containing 
Anthracene Skeleton in the Backbone Chain 

TAKASHI KANEKO, TAKAYUKI MATSUBARA, TOSHIKI AOKI 
and EIZO OIKAWA 

Department of Chemistry and Chemical Engineering, Faculty of Engineering, 
Niigata University, Ikurushi 2-8050, Niigata 950-2181, Japan 

The bromoethynylanthracene monomer with 3,5-di-rert-butyl-4-acetoxyphenyl group was 
newly synthesized and was polymerized by Pd(0) catalyst to give the head-to-tail regulated 
polymer with DP = 12. The ESR spectra of the anthracene-based polyradical suggested an 
effectively delocalized spin distribution on the backbone anthracene. The Amy = +2 forbidden 
transition ascribed to the triplet species was observed at g = 4 in frozen toluene glass. Mag- 
netization and static magnetic susceptibility of the polyradical were measured using a SQUID 
magnetometer. The average spin quantum number was beyond S = 1/2, indicating the ferro- 
magnetic interaction. 

Kqvwords: polyradical; poly(anthraceneethynylene): ladder polymer: phenoxy radical; mag- 
netic ineteraction: molecule-based magnets 

INTRODUCTION 

I t  has been known that regioregular head-to-tail n-conjugated macromolecules 
possessing pendant radicals whose connectivity satisfied theoretical 
predxtion[ 121 for ferromagnetic spin coupling demonstrated ferromagnetic 
behavior through the rc-conjugated b a ~ k b o n e . [ ~ , ~ ]  The coplanarity of n- 
conjugated polyradicals, particularly pendant polyradicals, throughout the 
backbone chain and pendant side chain is significantly effective for the increase 
in the spin-exchange coupling constant. For example, the expected 
ferromagnetic interactions have not been observed for any 
poly(phenylacety1ene)-based pendant polyradicals, because the coplanarity both 
in the poly(phenylacety1ene) skeleton itself and in the dihedral angle with a 
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pendant radical were significantly distorted by the sterically bulky pendant 
groups.15] On the other hand, poly(phenyleneviny1ene)-based pendant 
polyradicals have adequately planarized form, and the exchange coupling 
constants of the polyradicals were increased with their increasing co~lanarity.[~] 
Polycyclic ladder compounds such as naphthalene and anthracene have a rigid 
and coplanar structure, and the incorporation to the backbone chain should 
increase the through-bond spin-coupling. In this study, we selected a 
plyradical containing an anthracene skeleton in the backbone-chain, and 
discussed their magnetic interaction. 

MOLECULAR DESIGN 

A benzene ring is rigid and planar, but it can not be substituted with more than 
three radical units in order to satisfy ferromagnetic c~nnect iv i ty . l~*~]  On the 
other hand, for plycyclic compounds many radical units can be brought to 
ferromagnetic position. For example of the acene series consisting of n- 
conjugated ladder structure, ferromagnetic connective sites of naphthalene, 
anthracene and polyacene (n L 2), increase as four, five, and n+4, 
respective~y.[~i lo] 

* * *  . .  

\ \ \  
* * *  * * *  * * ** 

* * *  . . .  

* * *  . . .  fi 
* *  * * * ** 

9+3n) - (5+2n) - 4+n -- 
* *  * n * S d  2 2 

SCHEME 1 
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POLYRADICALS CONTAINING ANTHRACENE SKELETON 223 

However, it is difficult to synthesize fully nconjugated ladder polymers 
maintaining the precise ladder structure. Therefore, we have first selected 
stepped-ladder polymers for the n-conjugated backbone of the polyradical. The 
nconjugated connector between the ladder parts prefer smaller one from the 
point of view of the effective spin polarization, and vinylene, ethynylene or 
direct connecting can be candidates of the connector. The ethynylene connector 
is most suitable because of its compact structure, while the stepped-ladder 
backbone connecting with vinylene or nothng is liable to cause the distortion of 
its coplanarity due to steric hindrance between vinylene protons and/or protons 
of neighboring ladder units. 

For example, the stepped-ladder polyradicals consisting of anthracene 
ladder unit and ethynylene connector were assumed as shown in SCHEME 2 .  
In these structures, we aimed to synthesize one series on the upper left side, 
because the structure has two radicals at the f3-position, which probably receive 
less steric hindrance from the stepped-ladder backbone. 

SCHEME 2 
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224 TAKASHI KANEKO et ( 1 1 .  

SYNTHESIS AND CHARACTERIZATION 

On the basis of the previously discussed molecular design, we synthesized 
poly(9,10-anthryleneethynylene) bearing pendant phenoxyl radicals as shown 
in SCHEME 3. The anthracene-based monomer with 3,5-di-fert-butyl-4- 
acetoxyphenyl group, which had ethynyl and bromo group to be linked with 
head-to-tail bonds by self-condensation, were newly synthesized from 2- 
bromoanthracene via cross coupling reaction with (3,5di-tert-butyl-4- 
trimethylsiloxyphenyl) magnesium bromide using a Ni catalyst and with 2- 
methyl-3-butyn-2-ol using a Pd catalyst, respectively. The monomer was 
polymemed by Pd(0) catalyst to give the corresponding precursor polymer. 
The polymer was soluble in chloroform, tetrahydrofuran and especially in 
aromatic solvents such as benzene and toluene, but insoluble in alcohols and 
aliphatic hydrocarbons. IR and IH NMR spectra of the polymer showed 
reduction of the peaks assignable to the ethynyl group of monomer at 3266 cm-1 
and 6 4.06 ppm, respectively. The degree of polymerization (DP) measured by 
GPC was 12 whch agreed with that determined from the intensity of the peak at 
6 4.06 ppm attributed to the terminal ethynyl proton in IH NMR. The 
regioregular head-to-tail structure of the polymers were found to be built by 
polymerization of the monomers with a ethynyl and a bromo group via the 
pseudo Heck arylation.["I The UV-vis spectra of the polymer showed an 
absorption maximum (Am) at 565 nm (chloroform, E = 5.9 x Id cm-lM-l), 
suggesting a developed n-conjugation compared with monomer and dimer. 

The polyradical was synthesized via elimination of the protective group 
followed by oxidation of the hydroxyl group. The spin concentration was 
determined both by doubly integrating the ESR signal in comparison with that 
of 2,2,6,6-tetramethyI-l -piperidinyloxyl (TEMPO) solution as a standard, and 
by analyzing the saturated magnetization at 2K using a SQUID magnetometer. 
The spin concentration of the polyradical reached ca. 0.4 spin/unit by selecting 
the oxidative conditions. The polyradical was appropriately stable for 
maintaming the initial spin concentration under the ESR and SQUID 
measurement conditions, and the half-life of the polyradical was 15 hr at room 
temperature in the toluene solution. 
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POLYRADICALS CONTAINING ANTHRACENE SKELETON 225 

SCHEME 3 

ESR SPECTRA 

The ESR spectrum of polyradical at low spin concentration gave a broad 
hyperfine structure at g=2.0044 due to unresolved coupling of the protons of 
the phenoxyl ring and the anthracene skeleton (FIGURE la). This is in contrast 
to the three-line hyperfine structure of 2,4,6-tri-rerf-butylphenoxyl ascribed to 
an unpaired electron localized in the phenoxyl ring. The spin density 
distribution over the anthracene unit in the polymhcal was further supported by 
the clearer hyperfine structure of the correspondmg monomeric radicals, 2,6-di- 
~err-butyl-4-(2-anthryl)phenoxyl (FIGURE lb), whose hyperfine coupling 
constants (mT) were estimated by spectral simulation as follows: anthracene CQ 
=0.32(1H),0.18(1H),O.l1 (IH),0.09(2H),O.O6(4H), phenoxylcqi=O.17 
(3H). and the results of spectral simulation did not conflict with the 
semiempirical calculation. 

The ESR spectrum of polyradical changed to sharp and unimodal signals 
with increasing spin concentration, due to a locally high spin Concentration 
along the polymer backbone. The Am, = &! forbidden transition ascribed to the 
triplet species was observed at g = 4 in frozen toluene glass at 77K, though no 
fine structure that gave zero-field splitting parameters D or E was detected at g = 
2 because of the presence of several conformers and/or the long distance 
between unpaired electrons in the polyradical. 
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226 TAKASHI KANEKO et al. 

FIGURE 1 ESR spectra of (a) the polyradical (2.5 mM, spin conc. = 
0.02 spinhnit) in toluene and (b) 2,6-di-ieri-butyl-4-(2-anthryl)phenoxyl 
(0.5mM) in benzene at room temperature. 

MAGNETIC INTERACTION 

Static magnetic susceptibility (2  - 100 K at 0.5 T) and magnetization (0 - 7 T) of 
the polyradical were measured with a SQUID magnetometer, The p o l y d c a l  
was diluted in diamagnetic toluene to minimize intermolecular interactions. The 
magnetic interaction was analyzed from the x m l T  -T correlation &mi: molar 
paramagnetic susceptibility). x m l T  deviated upward from the theoretical value 
( x m l T  = 0.375) for S = 112 with a decrease in temperature at lO-lOOK, but 
xmolT was reduced below cu. 10 K. This behavior indicates a relatively strong 
through-bond and intrachain ferromagnetic interaction, and a weak through- 
space and intercham antiferromagnetic interaction probably due to the slightly 
aggregated chains. The magnetization (M) normalized by saturated 
magnetization (MJ, M/Ms, vs the effective temperature (T-8 )  plots of the 
polyradical with spin concentration of 0.40 spidunit was located almost on the 
theoretical Brillouin curve of S = 212 at 2 - 10 K, indicating the ferromagnetic 
coupling. 

The average spin coupling constant was approximately determined as 
average value (x positive for ferromagnetic) by curve fitting of the XmlT -T 
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POLY RADICALS CONTAINING ANTHRACENE SKELETON 227 

data in consideration of spin exchange coupling only between neighboring 
units.L61 The curve fitting of the X m l T  -T data was performed using a linear 
triradical system including diradical and monoradical contamination, because the 
average spin quantum number determined from magnetization plots was S = 
212, and the spin species ratio of S 5 312 was probably enough high. The 27 
values of the polyradical was 39 * 3 cm-l, and generally equal to that of 
poly(phenyleneviny1ene)-based polyradicals)6] which agreed with the degree of 
spin density distribution on the anthracene backbone as previously discussed. 

CONCLUSION 

It was revealed that the poly(9,1O-anthryleneethynylene)-based pol yradical 
caused ferromagnetic spin coupling through the ethynylene bond. The 
poly(9,1O-anthryleneethynylene)-based polyradical has extended planar 
anthracene unit and more substitutable ferromagnetic site, which is effective to 
the further development and enrichment of spin coupling. The construction 
and control of aromatic stacks are also expected from the anthracene structure 
using appropriate substituents, which will lead to control the through-space 
magnetic interaction. 
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