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SYNTHESIS OF BENZYLIDENE AND AZO CONTAINING POLYMERS
FOR PHOTOPHISICAL APPLICATION

1
Kniouesvie cnosa: noaumepusayus, 6ensonuoenosvie ppazmenmol, - H AMP, homoxumuueckas u onmuueckas akmusHOCHu.

B pabome 6vLau cunmesuposarvl NOAUMEPLL NOLYHEHHbLE MENMOOOM PAOUKATLHOU NOTUMEPUIAYUU MEMAKPUTIOBBIX MO-
HOMEPO8 ¢ HOKOBLIMU A300€H3EHOBIMU SPYINAMU U MOHOMEPOSG ¢ ben3onudenosvimu pasmenmamu. Ilonumepuzayus
nposoounace 6 cpede JIM® ¢ kxauecmee unuyuamopa ucnonvzosanci AUBH. IIpodykmel peakyuu norumepuzayuu xXa-
pakmepusosanuck no oyenxe cnekmpos ' H SAMP. Ilpedcmasnenst dannie 0 omoXumMuueckos u onmuyeckoli akmug-

HOCMU NOJIYYEHHbLX NOJIUMEDOS.
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In the present work, the polymers built with the use of the free radical polymerization of methacrylic monomers incor-
porating an azobenzene side-group and monomers with benzylidene fragments have been synthesized. The polymeriza-
tion was carried out in DMF with AIBN as initiator. The products of polymerization were characterized by HNMR. The
results of photochemical and optical activities of the corresponding polymers are presented.

Introduction

The development of modern technologies ena-
bles us to create polymer materials with a number of
properties, which would be impossible to realize in a
single polymer. Designing the structure of modified
polymer chain with various photoactivatable groups is
one of the issues of current importance in present day
polymer chemistry. In this work, our investigation con-
centrates on  synthesis of new  oxazolone,
thiazolidenone, thiohydantoin, hydantoine and azo- de-
rivatives (Fig. 1), radical thermoinitiated copolymeriza-
tion of new  methacrylic monomers  with
methylmetacrylate (MMA) and investigation of the re-
sulting polymers. The spectral characteristics of similar
compounds were investigated previously [1]. Also it
should be noted, that in the last few years there has been
a growing research interest in developing materials
which exhibit nonlinear optical (NLO) properties for
applications such as optical signal processing and in-
formation storage [2-8]. Therefore the polymers con-
taining azobenzene chromophore molecules have been
extensively studied by many research groups due to
their promising features for all-optical devices [9-17].

Besides organic materials might provide the
systems developed with unique possibilities and higher
flexibilities in comparison with inorganic materials be-
cause of the relatively easy way to process organic pol-
ymeric materials into practical devices. The main objec-
tive of this work is to realize and characterize from opti-
cal and physical-chemical point of view new polymers
with benzyliden and azobenzene fragments in the side
chain in order to find the correlation between the chem-
ical structure of the polymers and its properties (switch-
ing etc.).

The aims of our work were synthesized poly-
mers with photochemical properties typical for single
molecules. Polar substituents in azobenzene compounds
and nature of heterocyclic fragments in benzyliden con-
taining derivatives lead to the change of electronic den-
sity during the photoisomerisation. This fact opens the
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possibility of creation polymer materials with predicted
properties.
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Fig. 1 - The chemical structure of synthesized
benzylidene and azo- containing monomers and co-
polymers.



Experimental part

Oxazolone containing monomer M1 was pre-
pared as describe previously [23].

2-phenyl-4-[(4-methacryloyloxyphenyl) meth-
ylene]-5(4H)-oxazolone (M1): yield 55%. 'H NMR
(400 MHz, DMSO-dy), d (ppm): 5.89 (s, 1H, CH,), 6.34
(s, 1H, CHy), 2.06 (s, 3H, CH3;), 7.28-8.18 (m, 4H, Ar),
7.70-8.35 (m, SH, Ar).

4-(methacryloyloxyphenyl)methylene-2-thioxo-
4-thiazolidinone (M2): (2g) 4-
(methacryloyloxy)benzaldehyde, 2-thioxo-4-
thiazolidinone (2.5 g), anhydrous sodium acetate (0.3 g;
0.2 mol) in 50 ml isopraponol was heated on a steam
bath 80-90°C. After 2 h, the mixture was cooled and
then was poured on ice. The resultant solid product that
formed were filtered off, washed with water and dried.
Recrystallization from ethanol alcohol gave yellow
crystals, yield 65%. '"H NMR (400 MHz, DMSO-d,), d
(ppm): 5.86 (s, 1H, CH,), 6.31 (s, 1H, CHy), 2.03 (s, 3H,
CHs;), 7.28-7.66 (m, 4H, Ar), 7.62 (s, 1H, CH), 13.69 (s,
1H, NH).

Thiohydantoin containing monomers M3 was
synthesized analogously to thiazolidinone containing
monomer M2 as describe previously.

(4-methacryloyloxyphenyl)methylene-2,4-
imidazolidinedithione (M3): yield 64%. 'H NMR (400
MHz, DMSO-d¢), d (ppm): 6.44 (s, 1H, CH), 2.04 (s,
3H, CH3), 5.85 (s, 1H, CHy), 6.3 (s, 1H, CH,), 12.22 (s,
1H, NH), 12.04 (s, 1H, NH), 7.14-7.71 (m, 4H, Ar).

Hydantoin containing monomer M4 synthe-
sized analogously to thiazolidinone containing mono-
mer M2 as describe previously.

(4-methacryloyloxyphenyl)methylene-2,4-
imidazolidinedione (M4): yield 55%. 'H NMR (400
MHz, DMSO-d¢), d (ppm): 7.56 (s, 1H, CH), 2.04 (s,
3H, CHj), 5.8 (s, 1H, CH,), 6.3 (s, 1H, CH,), 8.98 (s,
1H, NH), 9.31 (s, 1H, NH), 7.2-7.6 (m, 4H, Ar).

4'-[(2-ethacryloyloxyethyl)ethylamino]- 4-
cyanoazobenzene (M5). A solution of 4'-[(2-
hydroxyethyl)ethylamino]-4-cyanoazobenzene (3 g,
0.01 mol) and triethylamine (1.11 g, 0.011 mol) was
dissolved in THF (35 mL). The solution was kept in an
ice bath for 10 min. A solution of distilled methacryloyl
chloride (1.15 g, 0.011 mol) in THF (10 mL) was added
slowly to the reaction mixture. After the addition of
methacryloyl chloride, solution was stirred for 12 h at
ambient temperature. The solvent was removed by rota-
ry evaporation and the residue was washed with a solu-
tion of sodium carbonate (0.8 g) in water (40 mL). After
removing the solvent, the resulting material was purified
by column chromatography (silica gel, ethyl ace-
tate/hexane 1/8). Red solid residue, yield: 87%. 'H
NMR (400 MHz, CDCl;), d (ppm): 7.89, 7.87 (d, 4H,
Ar), 7.75, 7.73 (d, 2H, Ar), 6.82, 6.8 (d, 2H, Ar), 6.1 (s,
1H,CH,), 5.6 (s, 1H, CH,), 4.36 (m, 2H, OCH,), 3.7 (m,
2H, NCH,), 3.55 (m, 2H, NCH,), 1.94 (s, 3H, CH,),
1.25 (m, 3H, NCH,CH3).

4'-[(2-Methacryloyloxyethyl)ethylamino] -
azobenzene (M6). Azomonomer M6 was synthesized
using the above procedure for azomonomer MS5. The
product was purified by column chromatography (silica
gel, ethyl acetate/hexane 1/8). Orange solid residue,
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yeld 75 %. "H NMR (400 MHz, CDCl;), d (ppm): 7.83,
7.85 (d, 4H, Ar), 7.48 (t, 2H, Ar), 7.38 (t, 1H, Ar), 6.8
(d, 2H, Ar), 6.11 (s, 1H, CH,), 5.6 (s, 1H, CH,), 4.36
(m, 2H, OCH,), 3.71 (m, 2H, NCH,), 3.51 (m, 2H,
NCH,), 1.95 (s, 3H, CH3;), 1.24 (m, 3H, CH3).

4'-[(2-methacryloyloxyethyl)ethylamino] — -4-
nitroazobenzene (M7). Azomonomer M7 was synthe-
sized in the same way as azomonomer MS. The solid
was recrystallized from methanol. Dark red crystals
yield 80%. "H NMR (400 MHz, CDCL;), d (ppm): 8.33,
8.31 (d, 2H, Ar), 7.92 (t, 4H, Ar), 6.83, 6.81 (d, 2H, Ar),
6.1 (s, 1H, CH,), 5.6 (s, 1H, CH,), 4.37 (m, 2H, OCH,),
3.74 (m, 2H, NCH,), 3.56 (m, 2H, NCH,), 1.94 (s, 3H,
CHs), 1.24 (m, 3H, CHa).

Polymers with azo fragments were synthesized
by free-radical polymerization in toluene. The polym-
erization was carried out in 10 wt% toluene solution
monomers and MMA with initial mole ratios 1:3. The
polymerization was conducted using AIBN as a free
radical initiator (1 wt% of monomer) at 80°C 35 h in
argon atmosphere. Previously initial mixture was de-
gassed with repeated freeze-pump-taw cycles. The po-
lymerization was stopped by pouring the reaction mix-
ture into methanol. This procedure was repeated several
times to ensure removal of unreacted methacrylic
monomers and finally the polymers P5, P6, P7 dried
under vacuum at 50°C overnight. The copolymerization
ratios in the corresponding polymers were calculated on
the basis of the integrated peak areas of 1H NMR spec-
tra in DMSO-d6. The polymerization ability of the new
benzylidene containing monomers was investigated
kinetically for radical copolymerization using the
dilatometric method. The process was conducted in 10%
DMF solution at 80°C (argon atmosphere, initiator -
AIBN 1%); contractions were measured by KM-6
cathetometer. The resulting viscous solution was added
dropwise into ethanol to precipitate polymeric materials.
Polymers were purified from ethanol. The conversion
rates were controlled gravimetrically. The conversion
rate during the copolymerization processes of M1 with
MMA was 67% in 390 minutes, M2 with MMA was
45% in 260 minutes, M3 with MMA was 40% in 260
minutes, M4 with MMA was 32% in 260 minutes. The
structures of all copolymers calculated from 1HNMR
data are approximately the same in the all case as the
structure of the initial mixture 1:3.

Results and discussion

The chemical structure of synthesized
benzylidene and azo- containing monomers and copol-
ymers are represented below.

The polymers were synthesized by radical
polymerization using AIBN as radical initiator. Polar
substituents in azobenzene compounds as -CN and -NO,
can act as retarding agents of free radical polymeriza-
tion reaction. Therefore, long reaction time is needed to
syntheses polymers with high yield. In consideration of
this singularity, only for new monomers with
benzylidene fragment were investigated the kinetic
characteristics of polymerization process. The kinetics
of the polymerization for M1, M2, M3, M4 were inves-
tigated during radical copolymerization with MMA us-
ing the dilatometric method.



It should be note that azobenzenes can function
as molecular switches by applying light of different
wavelengths to obtain varying amounts of cis and trans
isomers, where the excess of one of the two isomers
may be detected by a change in UV absorption spectra
[18,19].

In the previous work have been detailed de-
scribe the common photochemical properties of all
azobenzene compounds. The possibility of these com-
pounds for photoisomerization through rotation about
N-N bond was retained in the synthesized polymers. As
example, changes in the absorption spectra of P5 due to
optically induced transition to the cis- isomer and the
reverse transition the cis- to the trans- state was de-
scribed [20]. The results the investigation of photo-
chemical and photophysical properties of benzylidene
and azo compounds were described previously [1, 20].
It is well know that the stable state of the molecule with
benzylidene fragment is the cis-isomeric configuration
[21]. The absorption in the visible range of a photon
induces the transition to the frans-isomer. This state is
metastable with the reverse transition to the cis state
taking place through photo activation. Therefore, a
molecule absorbing of a photon undergoes a complete
cis—trans—cis isomerization cycle [22]. We can suppose
that these properties remaining in benzylidene contain-
ing polymers. Whereas previously for some of synthe-
sized polymers were demonstrated NLO activity.

It should be noted that photoisomerisation by
trans-cis-trans and cis-trans-cis mechanisms is typical
for obtained polymers.

Conclusions

During the work new objects for NLO investi-
gation were synthesized. The polymers with MMA with
benzylidene and azo fragments were obtained. The
polymerization ability of the new monomers was inves-
tigated kinetically for radical copolymerization using
the dilatometric method. We suggest that the optical
activity is determined by a steric delocalization of the
active side chain of azoester and benzylidene and also
based on different photoisomerization processes in in-
vestigated compounds. The azo polymers have been
characterized as compound with repeatable trans-cis-
trans isomerisation process, for the benzylidene contain-
ing polymers we can observe cis—trans—cis isomeriza-

tion cycle. These polymers can prove to be important
candidate for optical signal processing and information
storage.
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