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New methacrylate monomers, 2-{[(diphenylmethylene)amino]oxy}-2-oxoethyl methacrylate (DPOMA) and 2-{[(1-phenylethylidene)ami-
noloxy}-2-oxoethyl methacrylate (MMOMA) were prepared by reaction of sodium methacrylate with diphenylmethanone O-(2-chloroace-
tyl) oxime and 1-phenylethanone O-(2-chloroacetyl) oxime, respectively. They were obtained from a reaction of chloroacetyl chloride with
benzophenone oxime or acetophenone oxime. The free-radical-initiated copolymerization of (DPOMA) and (MMOMA) with styrene (St)
were carried out in 1,4-dioxane solution at 65°C using 2,2-azobisisobutyronitrile (AIBN) as an initiator with different monomer-to-
monomer ratios in the feed. The monomers and copolymers were characterized by FTIR, "H- and '*C-NMR spectral studies. The copolymer
compositions were evaluated by nitrogen content in polymers. The reactivity ratios of the monomers were determined by the application of
Fineman—Ross and Kelen—Tiidés methods. The molecular weights (., and M, ) and polydispersity index of the polymers were determined
by using gel permeation chromatography. Thermogravimetric analysis of the polymers reveals that the thermal stability of the copolymers
increases with an increase in the mole fraction of St in the copolymers. The activation energies of the thermal degradation of the polymers
were calculated with the MHRK method. Glass transition temperatures of the copolymers were found to decrease with an increase in the
mole fraction of DPOMA or MMOMA in the copolymers. The antibacterial and antifungal effects of the monomers and polymers were also
investigated on various bacteria and fungi. The photochemical properties of the polymers were investigated by UV and FTIR spectra.

Keywords: oxime esters; methacrylate; monomer reactivity ratios; biological activity; thermal stability; activation energies

1 Introduction

Nowadays, the synthesis of functional monomers and their
polymers and use in the synthesis of new functional
polymers have attracted considerable interest. Methacrylic
polymers find extensive applications in fiber optics, metal
complexes, polymeric reagents, and polymeric supports (1—
5). Recent investigations report the use of oxime esters as irre-
versible acyl transfer agents where the leaving group, the
oxime does not participate in the back reaction (6). This meth-
odology has been elegantly utilized for the preparation of
chiral polymers (7), regioselective acylation of nucleosides
and to obtain various nucleoside derivatives of medicinal sig-
nificance (8). In a previous report (9), methacrylate contain-
ing oxime ester moieties used as irreversible acyl transfer
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agents. Athawale and coworker synthesized geranyl metha-
crylate and (+) mentyl methacrylate by a transesterification
reaction using 2,3-butane dione mono-oxime methacrylate
as acylating agents (10, 11). O-acyloximes can be used as
photobase generators and they have been proved to be quite
efficient (12—17). In the case of phenyl acetyloximes, a sche-
matic process for amine production can be given as:

1
N c hv or
P T TR c'; + COp 4 R
| sensitization -7 \* l
C=—=0 + R-NH2 - \C/ \R + C02

crosslinking

For carbomyl derivatives, direct hydrogen abstraction from
the substrate to R leads to the formation of amine without
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requirement of water (18). In previous studies, photolysis of
oxime esters based on antraquinone were discussed as
photo induced DNA cleaving agents for single and double
strand scissions (19—21). It is well known from the literature
that the compounds containing oxime esters moiety have a
strong ability to form metal complexes and exhibit a wide
range of biological activities (22—25).

Reactivity ratios are among the most important parameters
for the composition equation of copolymers, which can offer
information such as relative reactivity of monomer pairs and
estimate the copolymer composition. Knowledge of the copo-
lymer composition is an important step in the evaluation of its
utility. Copolymer composition and its distribution are depen-
dent on the reactivity ratios. The most common mathematical
model of copolymerization is based on finding the relation-
ship between the composition of copolymers and the compo-
sition of the monomer feed in which the monomer reactivity
ratios are the parameters to be determined (26, 27). The
calculation of the monomer reactivity ratios requires the
mathematical treatment of experimental data on the compo-
sitions of copolymers and monomer feed mixtures. The
microstructure and composition of copolymers are important
factors in copolymer properties. For the design of new
copolymer materials, prediction of microstructure and com-
position from copolymerization kinetics, via monomer reac-
tivity ratios, is of primary importance. The accurate
determination of copolymer composition and estimation of
monomer reactivity ratios are significant for tailor-made
copolymers with desirable physical and chemical properties
and in evaluating the specific end application of copolymers.
The main aim in commercial copolymerization is to achieve
as specific a composition distribution as possible. Knowledge
about the monomer reactivity ratios would help in achieving
this. Monomer reactivity ratios were determined by a number
of linearization methods (28, 29). Thermogravimetric
analysis (TGA) has been widely used to investigate the
decomposition characteristics of many materials. Some
methods have already been established to evaluate the
kinetic parameters from thermogravimetric data (30—32).

We report here the preparation of new methacrylate esters
with pendant oxime esters moieties based on acetophenone
and benzophenone, as well as their free radical copolymeriza-
tion behavior. In addition, these monomers were copolymer-
ized with styrene (St) and the monomer reactivity ratios
calculated using Kelen-Tiidos and Fineman-Ross methods.
The biological activities and activation energies of the copo-
lymers were also obtained. The photochemical properties of
polymers were investigated by Ultraviolet spectrometer.

2 Experimental

2.1 Materials

Acetophenone, benzophenone, chloracetylchloride, hydroxy-
lamino hydrochloride and sodium hydroxide (Merck), sodium

Koroglu et al.

methacrylate, 1,4-dioxane, potassium carbonate, acetonitrile,
anhydrous magnesium sulphate (Aldrich) were used as
received. 2,2'-Azobisisobutyronitrile was recrystallized
from chloroform-methanol. Bactopeptone and glucose was
obtained from difco. All the other chemicals were analytical
grade and used without any further purification. Styrene (St)
was freed from the inhibitor by washing with 5% NaOH
solution followed by distilled water, and after drying over
anhydrous sodium sulphate it was distilled under vacuum.

2.2 Characterization Techniques

IR spectra were measured on a Perkin-Elmer Spectrum BX
FT-IR spectrometer. 'H- and '>C-NMR spectra were
recorded in CDCl; with tetramethylsilane as the internal
standard using on Bruker GmbH DPX-400 400 MHz spec-
trometer. Thermal data were obtained by using a Perkin-
Elmer DSC instrument and TGA thermobalance in N, atmos-
phere. Molecular weight; (M,, and M,) of the polymers were
determined by e waters 410 gel permeation chromatography
equipped with a differential refractive index detector and cali-
brated with polystyrene standards. Elemental analyses were
carried out by a LECO CHNSO-932 auto microanalyzer.

2.3 Synthesis Diphenylmethanone O-(2-chloroacetyl)
Oxime

Synthesis of diphenylmethanone O-(2-chloroacetyl) oxime
was as follows: Benzophenone oxime (33) (1 mol) and
K;CO;3 (0.1 mol) was dissolved in 20 ml of anhydrous
CH,Cl, at 0°C, and then chloracetylchloride (1.1 mol) were
added dropwise to the solution. The reaction mixture was
stirred at room temperature for 12 h. (Scheme 1). The
organic layer was washed several times with diethylether

Q 1) NaQH, C,H,OH. 70 °C
+ — —_— =
o HN—0H 2)HCL/TLO
R
Cw/\CI CH,CL. K,CO,
Do 2h

e}

PR

/N\ T O Acetonitril / o

o’ a4 .
R 80 °C, 24h
ONa 0
N O
1.

R /

Sch. Synthesis of the monomers.
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and dried over MgSO,. After removing diethylether, diphe-
nylmethanone O-(2-chloroacetyl) oxime was crystallized
from ethanol. The yield was: 80%. Elemental analysis (%):
C = 65.72 (Found), 65.82 (Calcd) H = 4.33 (Found), 4.42
(Caled) N =5.01 (Found) 5.12 (Calcd).

IR (neat), cm™': 1780 (C=0 oxime ester carbonyl), 1610
(aromatic C=C), 1567 (C=N-), 727 (C-Cl; no O-H
absorption).

2.4 Synthesis of 1-Phenylethanone O-(2-chloroacetyl)
Oxime

Synthesis of 1-phenylethanone O-(2-chloroacetyl) oxime was
similarly synthesized, expect that the product was crystallized
rather than distilled. The yield was: 80%. Elemental analysis
(%): C=56.60 (Found), 56.75 (Calcd) H = 4.63 (found),
4.76 (Calcd.) N = 6.54 (Found) 6.62 (calcd.).

IR (neat), cm ': 1790 (C=0 for oxime ester carbonyl),
1605 (aromatic C=C), 1570 (C=N-), 735 (C=CIl; no O-H
absorption).

2.5 Monomer Synthesis

The reactions paths are shown in Scheme 1. Diphenylmetha-
none O-(2-chloroacetyl) oxime (1 mol), and sodium metha-
crylate (1.1 mol) were stirred in 50 ml acetonitrile at 75°C
in a reflux condenser for 24 h in the presence of 100 ppm
hydroquinone as inhibitor. Then the solution was cooled to
room temperature and neutralized with a 5% KOH solution.
The organic layer was washed several times with water and
the water layer was washed with diethylether a few times.
The acetonitrile layer and diethylether layer were collected
and dried over anhydrous MgSO, overnight. Acetonitrile
and diethylether were evaporated. The organic layers were
collected and the residue was crystallized from ethanol.

Elemental analysis (%): C = 70.49 (Found), 70.58 (Calcd)
H=5.18 (Found), 5.30 (Calcd) N =4.24 (Found) 4.33
(Caled). IR (KBr), cm " 1780, 1724 (oxime ester and
methacrylic carbonyl), 1630 (CH,=C-), 1600 (C=C), 1570
(C=N). '"H-NMR (8, ppm from TMS in CDCl5): 7.2—7.7
(aromatic protons, 10H); 5.6 (CH,=, 1H); 6.2 (CH,=,
1H); 4.8 (-OCH,-, 2H); 2.1 (CHs-, 3H). *C-NMR (8, ppm
from TMS in CDCl): 169.0 and 172.0 (C=0 of esters);
133.0 (=C); 124.1 (CH,=); 122.1-137.8 (aromatic
carbons); 65.0 (-OCH,-); 21.5 (CHy).

The monomer of 2-{[(1-phenylethylidene) aminoJoxy}-2-
oxoethyl methacrylate (MMOMA) was similarly synthesized.

Elemental analysis (%): C = 65.72 (Found), 64.36 (Calcd.)
H = 5.68 (Found), 5.79 (Calcd.). Nequals; 5.24 (Found) 5.36
(Caled). IR (neat), cm " 1790, 1724 (oxime ester and
methacrylic carbonyl), 1630 (CH,=C-), 1600 (C=C), 1573
(C=N). '"H-NMR (8, ppm from TMS in CDCl;): 7.2—7.8
(phenyl ring protons, SH); 5.6 (CH,=, 1H); 6.3 (CH,=,
1H); 5.0 (-OCH,-, 2H); 2.3 (-N=CCHs-, 3H); 1.9 (CH;-
3H). *C-NMR (8, ppm from TMS in CDCl3): 164.0
and 167 (C=0 of esters); 133.0 (=C); 124.1 (CH,=);
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127—138 (phenyl carbons); 66.0 (-OCH,-); 16 (-N=CCHjs-);
13 (CH,).

2.6 Polymerization of the Monomers

Polymerization of (DPOMA) and (MMOMA) was carried out
in glass ampoules under N, atmosphere in 1,4-dioxane
solution with AIBN (1% based on the total weight of
monomers) as an initiator. The reacting components were
degassed by threefold freeze-thawing cycles and then
immersed in oil bath at 65°C for a given reaction time. The
polymers were separated by precipitation in ethanol and
reprecipitated from dichloromethane solution. The polymers
were finally dried under vacuum to constant weight at room
temperature and kept in a dessicators under vacuum until use.

2.7 Copolymerization

Copolymerizations of St with (DPOMA) and (MMOMA)
using different proportions of (St) were carried out in glass
ampoules under N, atmosphere in 1,4-dioxane solution with
AIBN (1%, based on the total weight of monomers) as an
initiator. The reacting components were degassed by three-
fold freeze-thawing cycle and then immersed in a oil bath
at 65 + 0.1°C for a given reaction time. The reaction time
was selected to give conversions less than 10% to satisfy
the differential copolymerization equation. After the desired
time the copolymers were separated by precipitation in
ethanol and reprecipitated from CH,Cl, solution. The
polymers, purified by reprecipitation to avoid the formation
of homopolymers. The polymers were finally dried over
vacuum at 45°C to constant weight. The amounts of mono-
meric units in the copolymers were determined by elemental
analysis. The results are presented in Table 1.

3 Results and Discussion

As shown in Scheme 1, the preparation of new methacrylate
esters having pendant oxime esters moieties monomers were
synthesized from diphenylmethanone O-(2-chloroacetyl)
Solvent: 1,4 dioxane, temperature: 65 + 1°C, initiator:
AIBN(1% weight of monomers), non-solvent: ethanol
oxime or l-phenylethanone O-(2-chloroacetyl) oxime with
sodium methacrylate, according to the usual method (34).
The yields of the reactions in Scheme 1 are of medium
quantity (70—80%). The structures of DPOMA and
MMOMA were identified by elemental analysis, IR and
NMR spectroscopy and the results were in good agreement
with the structure of the compounds.

The free radical homopolymerization of the monomers was
performed at 65°C in a 1,4-dioxane solution with 2,2-azobisi-
sobutyronitrile (AIBN) as an initiator (Scheme 2).
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Table 1. Copolymer composition data and molecular weight

System Maa Conv. (%)  N°%) M,° M, x 10* M, x 10* M,/ M,
Poly(MMOMA-co-St)
1 0.20 9.40 4.65 0.28 452 2.87 1.57
2 0.35 8.50 421 0.41 4.48 2.37 1.88
3 0.50 8.00 3.92 0.48 5.43 3.12 1.74
4 0.65 8.65 3.63 0.55 5.14 2.82 1.82
5 0.80 9.60 2.86 0.69 3.96 2.20 1.80
6 0.90 9.50 2.14 0.79 7.12 4.00 1.78
Poly(MMOMA) 434 327 1.32
Poly(DPOMA-co-St)
1 0.20 7.50 3.89 0.26 6.65 3.88 1.71
2 0.35 7.69 3.43 0.45 5.40 2.93 1.84
3 0.50 9.60 3.36 0.47 5.36 3.40 1.57
4 0.65 7.42 2.95 0.59 4.42 2.83 1.56
5 0.80 6.80 251 0.69 4.03 2.59 1.55
6 0.90 8.50 1.74 0.82 8.20 4.95 1.65
Poly(DPOMA) 4.82 2.94 1.63

“The mol fraction St in the feed.
’Determined by elemental analyses.
“The mol fraction St in the copolymer.

3.1 Structural Characterization of the Monomers
and their Homopolymers

The FT-IR spectra of the MMOMA monomer and its polymer
poly (MMOMA) are shown in Figure 1. The IR spectrum of
the polymers showed some characteristic absorption peaks
at 1741 cm ™' (ester carbonyl stretching) 1790 cm ™' (oxime
ester carbonyl stretching), 1565 cm~' (C=N). During the
polymerization of the monomers, the IR band at 1630 cm ™'
(C=C) disappearance and ester carbonyl stretching for
polymers shifted to about 1740 cm™', whereas that of
oxime ester carbonyl appeared at about 1795 cm™'. The
main evidence of the polymer is certainly the disappearance
of some characteristic signals of the double bond in the
spectra, and this fact was effectively observed in our case.
Thus, two bands vanished in the IR spectrum: the absorption
band at 923 cm ™' assigned to the C-H bending of geminal
=CH, and the stretching vibration band of C=C at
1600 cm ™', The 'H-NMR spectrum of the DPOMA
monomer is presented in Figure 2. The 'H NMR spectra of
the both monomers have the characteristic peaks of the mono-
meric units. The 'H and 'C-NMR spectra of the poly
(MMOMA) are shown in Figure 3 and are in good agreement
with the structure. From 'H-NMR spectroscopy the formation
of the polymer is also clearly evident from the vanishing of
two singlets at 5.6 and 6.2 ppm of the vinyl protons and the
appearance of the broad signal at 1.5 and 2.2 ppm assigned
to an aliphatic -CH,- group. In the proton decoupled '*C-
NMR spectrum of poly (MMOMA), chemical shift assign-
ments were made from the off-resonance decoupled spectra
of the polymer. Resonance signals at 168 ppm correspond
to ester group present in the pendant oxime group in
polymer. The ester carbonyl in the pendant methacrylate

resonance is observed at 165 ppm. The signal due to carbon
of the aromatic ring attached to the C=N group shifts
towards downfield and is observed at 137 ppm. The other
aromatic carbons are observed at 125—135 ppm. The methy-
lenoxy group flanked between the carbonyl group and ester
group show signals at 60 ppm. The a-methyl group of
polymer shows resonance signals at 14 ppm.

3.2 Characterization of the Copolymers

The constituent monomeric units of the copolymer are shown in
Scheme 3. The FT-IR spectra of the DPOMA-St copolymers
(Figure 4) show characteristic bands at 1785, 1740 em” !
(oxime ester and, methacrylic ester carbonyl), 1567 cm ™'
(-C=N), 3100—3000 cm™ " and 1608 cm ' (phenyl). 'H-
NMR spectra show broad peaks at 7.0—7.9 ppm (phenyl

(‘3H3 CHs
HZC:(? AIBN, 1.4 Dioxane HZC*(F
(‘220 65 °C CI‘,=O
7 7
CH, GH2
¢—o ¢=o
7 7
N N

O
o—

T

Sch. 2.  Synthesis of the homopolymers.
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40000 3600 3200 2800 400 2000 1800

Fig. 1.

protons of two monomeric units), 4.6 ppm (-OCH, protons),
0.6—2.2 ppm (other aliphatic protons including those in the
backbone). '*C-NMR peak assigments of this copolymer are
63 ppm (-OCH, carbons), 124—135 ppm (Aromatic ring
carbons) and, 165 and 167 ppm (oxime ester and,
methacrylic ester carbonyl).

Although the FT-IR spectra of the MMOMA-St copolymers
show characteristic bands at 1783, 1739 cm ™! (oxime and,
methacrylic ester carbonyl), 1573 em ! (-C=N), 3100—
3000 cm™ ' and 1610 cm ™' (phenyl). The "H-NMR spectrum
of poly(MMOMA-co-St) (Figure 5) is consistent with its
chemical structure. Multiplet resonance absorptions at 7.0—
7.9 ppm are due to the aromatic protons of MMOMA and St
units. The signals at 4.8 ppm are due to -OCH, protons. The
backbone methylene protons of the two comonomer units are
observed between 1.8—2.2 ppm. '*C-NMR spectrum of
MMOMA-St copolymer the resonance signals at 167 and
165 ppm are due to the oxime ester and methacrylic ester
carbonyl carbons, respectively. The group of signals at 127—
135 ppm arises from aromatic carbons in the two monomeric
units. The signals at 67 ppm are due to the -OCH, carbons of
MMOMA unit. The backbone methylene carbons of two
comonomer units are observed at 47 ppm. The signal at
18 ppm corresponds to the a-methyl carbons of MMOMA unit.

3.3 UV Spectra of the Polymers

A solution of homo and copolymers in DMSO was cast onto a
quartz glass plate with a spin coater and then was annealed for
30 min at 40°C. The thin film (0.8—1wm) was irradiated with

1600 1400 1200 1000 800 600 4000

em-

FT-IR spectra of MMOMA monomer (a) and it is polymer (b).

a fixed energy of light from a Spex Fluorolog 2 with a 450-W
xenon lamp. Figure 6 compares the absorption spectra of the
polymers and the following includes the absorption character-
istics in the UV spectra. The UV spectra of the polymers show
an absorption maxima at 255 nm for poly(DPOMA), 250 nm
for poly(MMOMA), and about 247 nm for copolymers due to
the a-77 transition of C=C (phenyl) and C=N of
the pendant oxime ester group chromophore present in the
polymer unit. The first observation to discuss is that the

—-—/

S

2.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm

Fig. 2. 'H-NMR spectrum of DPOMA monomer.
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PPmM
Fig. 3. a) '"H-NMR and b) *C-NMR spectra of poly(MMOMA)).

fluorescence behavior for the poly (DPOMA) is different
from that of the others. So this specific absorption spectrum
of poly (DPOMA) suggests that energy states of chromophere
substituted by two phenyl group differ somewhat from those
of other chromophores. In fact, we had anticipated that the
chromophore interactions in the present polymers would
have been suppressed between the C=N groups attached in
the vicinity of each chromophere group such as ester. It can
be seen that the absorption properties are only slightly by
the ester group. This is attributed to a Sy — S, transition loca-
lized on the oxime moiety. Due to their structural analogy and
the presence of electron lone pair on the heteroatom, ketones
were often compared with the corresponding oximes (35), the

question being the nature of the electronic transitions. The
transition observed for the present oxime ester polymers are
of 77" nature and the presence of a lone pair on the
nitrogen atom do not lead to any observable n-7* transition.
Representative spectral change in UV absorption for films
of poly (MMOMA) caused by the photoreaction upon
irradiation with light 366 nm is presented in Figure 7.
The absorption band at the longest wavelength decreased
gradually with the increase of a new absorption band at
around 200 nm. In addition, although all of the polymers
were soluble in CH,Cl,, CHCls, 1,4-dioxane, and so forth
before irradiation, not one of the polymers was soluble in
any solvent. All the experimental data indicate that photo



10: 24 24 January 2011

Downl oaded At:

Synthesis of Methacrylate Monomers and Their Polymers

CH
K ot AIRN, 1.4 -dioxane CHy
Hy ¢ tyme=cn T AT e Hp0—¢ CHy—CH wwww
9:0 S, 85 °C, several min =0 ‘
1
7 | ¢
# CH
i i
c=0 =
‘ ? St units.
i i
c
N N
I R
c

DPOMA or MMOMA units

Where R: @' and - CHy

Sch. 3. Synthesis of the copolymers.

degradation in the oxime ester region occurred and cross-
linking followed. A photo degradation mechanism of the
oxime esters are shown in Scheme 4. Dissociation of
oxime leads to iminyl radical and acyloxyl radical
(RCO,). If the decarboxylation is not fast enough, these
two radicals can be recombined to give the starting
oxime, and therefore the global efficiency of the photodis-
sociation is decreased (36). On the contrary, the occurrence
of the decarboxylation process leads to the formation of
carbon dioxide and a new radical (R). The latter can also
react in-cage with the iminyl radical to form an imine,
resulting, in a decrease of the free iminyl radical quantum
yield. Similar results were obtained for the DPOMA-St
and MMOMA-St copolymers. The polymers react photo-
chemically according to a mechanism similar to that
found for O-acyloximes and its derivatives (17). Though
practical evaluation from spectral data is rather dubious
because sensitivity of photocrosslinkable polymers is a

% T

823

function of Tg, molecular weight, polymer solubility etc.,
the discrimination of photoresponsibilities of chromophores
themselves is possible to a certain extent.

3.4 Molecular Weights of Polymers

The number average (M,) and weight average (M,,) molecular
weights and the polydispersty index of homopolymers as well
as copolymer samples were determined by GPC with poly-
styrene and tetrahydrofuran as the standard and solvent,
respectively, and given in Table 1. The PDIs of the
polymers range between 1.63—1.88. The theoretical values
of PDI for polymers via radical recombination and dispropor-
tionation are 1.5—2.0, respectively (37). In the free radical
polymerization of methacrylate monomers, the polymeric
radicals undergo termination mainly by disproportionation
(38). Hence, the polydispersity index value of polymers
suggests a greater tendency for chain termination by dispro-
portionation than radical recombination, which is the case
with many methacrylates.

3.5 Thermal Analysis

The thermal stabilities of the polymers were investigated by
thermogravimetric analysis (TGA) in a nitrogen stream at a
heating rate of 20°C min~'. Thermogravimetric curves of
the copolymers are compared with those of the homopoly-
mers in Figure 8. The initial decomposition temperatures of
poly (DPOMA) and poly (MMOMA) are around 200 and
170°C, respectively and independent of the side-chain struc-
tures. This result shows that main-chain scission is an import-
ant reaction in the degradation of polymers, at least in the

4000 3600 3200 2500 2400 2000 1700

1600 1400 1200 1000 500 450 400

4
cm

Fig. 4. FT-IR spectrum of poly(DPOMA-co-St) (DPOMA: 52.6 by molar percentage).
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Fig. 5. 'H-NMR spectrum of poly(MMOMA-co-St) (MMOMA: 52.2 by molar percentage).

beginning. The degradation of poly (DPOMA) occurred in
three stages. The first stage was observed 195—300°C. The
second stage decomposition commenced at 310—395°C, and
the last stage was observed 405—500°C. Poly (MMOMA)
undergoes three stages decomposition. The first stage was
observed at 170—275°C. The second stage decomposition
commenced at 295—375°C, and the last stage was observed
at 390—500°C. The residue at 450°C for the both polymers
is about 10%. Poly (St) was stable to heat up to 500°C, and
maximum degradation (75%) occurs at 500°C. The thermal
stability of the copolymers was improved by the incorpor-
ation of St. The initial decomposition temperatures of the
copolymers were between those of the homopolymers. The
data are presented in Table 2.

3.6 Activation Energy of the Ccopolymers

The activation energies on the thermal decomposition of
copolymers were determined by thermogravimetric
analysis. Isothermal thermogravimetry is superior to
obtain accurate activation energy for thermal degradation,
although it is time-consuming. In the case of thermal degra-
dation of polymers, in which depolymerization is competing
with cyclization or crosslinking due to side groups, the TG
at various heating rates is much more convenient than ITG
for the investigation of thermal degradation kinetics. The
activation energy of the decomposition process was deter-
mined by multiple heating rate kinetics (MHRK) (39)
method. The typical procedure for the calculation of acti-
vation energy for copolymers was as follows: thus, the
series of experiments were run at different heating rates,
A E, could be obtained from the slope of a linear plot of

log (heating rate) vs. 1/T. Figure 9 shows the normalized
weight loss vs. temperature for poly(MMOMA) at different
heating rates. The activation energies of degradation calcu-
lated from TGA curves are based on weight loss at different
decompositions regions during degradation. The calculation
of activation energies of the others copolymers were done
by the same measurements. From the slopes, we calculate
the average activation energies for the thermal degradation
of copolymers are reported in Table 3. It is shown that this
result was similar to methacrylate polymers in the literature
(40, 41).

1 — Poly(DPOMA)
2 — Poly(MMOMA
3 — 52.2 MMOMA by mole

4 — 52.6 DPOMA by mole

Wavelength (nm)

Fig. 6. Absorption spectra of the polymers in the film state.
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Fig. 7. UV sprectral changes due to the photoreaction of poly
(MMOMA) in the film state (0,10,20,40,80,140, and o).

3.7 Determination of Monomer Reactivity Ratios

Copolymerization of DPOMA and MMOMA with St in 1,
4-dioxane solution was studied for a molar fraction of St
from approximately 0.90 to 0.20 in the feed. The amounts
of monomeric units in the copolymers were determined by
elemental analysis. The monomer reactivity ratios for the
copolymerization of St with DPOMA and MMOMA were
determined from the monomer feed ratios and the copolymer
composition. The Fineman-Ross (FR) and Kelen-Tid6s (KT)
methods were used to determine the monomer reactivity
ratios. The significance of parameters of FR and KT equations
are presented in Table 4. According to the FR method the
monomer reactivity ratios can be obtained by the equation:

G = HI'] — I (1)

O
Il
O S

N _CH
P~ cH, ~o” NS¢l

N*
uv P—0 o HCo

\CHZ—C// +
\
O

Co, + O Ny CHy

crosslinking

Sch. 4. Photo degradation mechanism of the polymers.
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1 — Poly(MMOMA)
2 — Poly(DPOMA)
3 — 73 % MMOMA (by mole)
4 — 18 % DPOMA (by mole)

Weight loss (%)

50 100 200 300  _ abo i 500 i 500
Temperature (C)

Fig. 8. Thermograms of homopolymers and various copolymers.

where the reactivity ratios, r; correspond to the DPOMA,
MMOMA, and r, correspond to the St monomers. The par-
ameters G and H are defined as follows:

F(f—1) F?
with
M] m
F=— f=_
M, and m 3)

M; and M, are the monomer molar compositions in feed
and m; and m, the copolymer molar compositions. Alterna-
tively, the reactivity ratios can be obtained using the KT
method which is based on the equation:

n=(n+2)e-2 o

Where 71 and ¢ are functions of the parameters G and H:

G H
= d =
a+H an E a+H

m (5)
and « a constant which is equal to (Hay - Hmin)1 / 2 Hpae
H,,in being the maximum and the minimum H values, respect-
ively from the series of measurements. From the linear plot of
71 as a function of ¢ the values of 1 for § = 0 and np = 1 is used
to calculate the reactivity ratios according to the equations:

E=0=>n= —-r/aand éE=1=>n=n, (6)

The graphical plots concerning the methods previously
reported are given in Figures 10, 11; whereas the reactivity
ratios are summarized in Table 5.

In all cases, and for all graphical methods, the plots were
linear indicating that these copolymerizations follow the con-
ventional copolymerization kinetics and that the reactivity of
a polymer radical is determined only by the terminal
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Table 2. Selected TGA results for homopolymers and copolymers

The temperature (°C) for a weight

loss

Polymer IDT (°C)* 20 50 70 The resiude (%) at 450°C
Poly(St) 325 380 400 450 2
Poly(MMOMA-co-St)

(21/79) 300 416 400 382

(52/48) 285 420 384 347 1

(72/28) 175 430 382 318 13
Poly(MMOMA) 170 440 328 260 6
Poly(DPOMA-co-St)

(18/82) 315 415 388 354 3

(52/48) 305 405 347 297 6

(74/26) 220 410 322 282 9
Poly(DPOMA) 195 428 313 265 12

“Initial decomposition temperature.

monomer unit. For DPOMA and St systems, the r; values are
higher than the r, values. The higher r; value of DPOMA
confirms the higher reactivity of DPOMA compared with
that of St. For MMOMA and St systems the r; values are
higher than the r, values. The higher r; value of MMOMA
confirms the higher reactivity of MMOMA compared with
that of St. Although the reactivities of growing radicals
with the DPOMA and MMOMA ends are higher toward St
than DPOMA and MMOMA, the reactivity of growing
radicals with the St end is higher toward DPOMA and
MMOMA than St. The reactivity ratio values (r; and r,) of
poly(DPOMA-co-St) and poly(MMOMA-co-St) are less
than one. The product r - r, indicates that the two system

1em=2 ‘Cimin
2.——4 :Clmin
3—-—-T Cimin
deem-10 Clmin
E—-—16 “Cimin

Welght loge (%)

L L L 1 L
100 200 300 400 600
Temperature (°C)

Fig. 9. Normalized weight loss vs. temperature for the thermal
degradation of poly(MMOMA-co-St) (MMOMA: 72.3 by molar
percentage).

copolymerize randomly in the polymer chain although there
is a possible tendency for alternation.

3.8 Glass Transition Temperatures

The glass transition (T,) temperatures were determined using
a Perkin-Elmer Pyris1 DSC. Samples of about 5—8 mg held in
sealed aluminum crucibles and the heating rate of 20°C/min
under a dynamic nitrogen flow were used for the measure-
ments. From DSC measurements T, was taken as the

Table 3. Thermal decomposition data and activation energies
of the polymers

Average
activation
Stage of Temperature energy
Sample decomposition  range (°C) (kJ/mol) T,
Poly(DPOMA) Stage 1 195-30049“ 95.65 59

Stage 2 310—-395(23) 83.40
Stage 3 405-500(19) 71.50
Poly(DPOMA-
co-St)
(18/82) Single 250—450(3) 97.60 104
(52/48) Single 210-500(5) 89.40 91
(74/26) Single 200—-500(8) 83.70 6l
Poly(MMOMA) Stage 1 170—-275(35) 89.70 57
Stage 2 295-375(27) 93.50
Stage 3 390—-500(11) 97.70
Poly(MMOMA-
co-St)
(21/79) Single 255-500(4) 103.40 102
(52/48) Single 245-50(11) 97.70 95
(72/28) Single 210-500(10.6) 88.30 62

“Figures in parenthesis indicate weight loss (%) during to temperature
range stated.



10: 24 24 January 2011

Downl oaded At:

Synthesis of Methacrylate Monomers and Their Polymers 827
Table 4. FR and KT parameters for copoly(MMOMA-St) and copoly(DPOMA-St) system
System F=M,/M, f=m,;/m, G=F(f-1/f H=F/f wu=G/a+H {=H/a+H
Poly(MMOMA-co-St)

1 0.111 0.267 —0.305 0.046 —0.528 0.079

2 0.250 0.458 —0.296 0.136 —0.444 0.204

3 0.538 0.838 —0.104 0.345 —0.119 0.394

4 1.000 1.090 0.083 0.917 0.057 0.633

5 1.857 1.469 0.593 2.347 0.206 0.815

6 4.000 2.610 2.467 6.130 0.370 0.920
Poly(DPOMA-co-St)

1 0.111 0.217 —0.401 0.057 —0.645 0.092

2 0.250 0.446 —0.311 0.140 —0.442 0.199

3 0.538 0.695 —0.236 0.416 —0.241 0.424

4 1.000 1.109 0.098 0.902 0.067 0.615

5 1.857 1.217 0.331 2.834 0.097 0.834

6 4.000 2.872 2.607 5.571 0.425 0.908

a = 0.531 for the poly(MMOMA-co-St) system and « = 0.563 for the poly(DPOMA-co-St) system.

midpoint of the transition region. A plot of copolymer compo-
sition vs, glass-transition temperatures of the copolymers is
shown in Figure 12. The T, of poly (St) is 105°C, and that
of poly (DPOMA) is 59°C and poly (MMOMA) is 57°C,
respectively. In comparison to that of poly (DPOMA) or
poly (MMOMA), the shift to higher temperature is also
noted for all the copolymers studied and their magnitudes
are dependent on the increasing in St molar fraction in the
copolymer chain. An increase in T, of copolymers may be
due to the introduction of comonomer into poly (DPOMA)
or poly (MMOMA), St, which increases the inter-molecular
polar interactions between the molecular chains due to struc-
ture stretching. The data are presented in Table 3. The results
clearly indicate that T, values of copolymers depend on the
composition of comonomers and increase with increasing St
content in the polymer chain. It can be seen that the

H

Fig. 10. FR plot for the determination of reactivity ratios of the
MMOMA-St copolymer system.

observed T, increases with decreasing DPOMA or
MMOMA and presents a striking positive deviation with
respect to linearity, which can be associated with a lower
free volume, mobility and flexibility than a mixture of
DPOMA or MMOMA and St units.

3.9 Antibacterial and Antifungal Effects of the
Monomers and Polymers

The biological activities of the monomers and their homopo-
lymers and copolymers were tested against different microor-
ganisms with DMSO as the solvent. The sample
concentrations were 100 pug. All microorganism strains
were obtained from the Culture Collection of Microbiology
Laboratory of Afyon Kocatepe University (Afyon, Turkey).

05
04
03 |
02 A
01

0 02 0.4 08 0.8 1
{

Fig. 11. KT plot for the determination of reactivity ratios of the
MMOMA-St copolymer system.
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Table 5. Comparison of reactivity ratios by various methods

System Methods I

I Irrp 1/1‘1 1/1'2

Poly(MMOMA-co-St) FR

Average
Poly(DPOMA-co-St) FR

Average

0.44 + 019
KT 0.44 + 0.17
0.44 + 0.15
0.50 + 0.21
KT 0.44 + 0.16
0.47 £+ 0.19

0.30 + 0.14 0.12 2.26 3.37
032 £ 0.15 0.14 2.26 3.09
0.31 + 0.22 0.13 2.26 3.23
0.48 + 0.18 0.24 1.98 2.06
0.40 + 0.17 0.18 2.28 2.50
044 + 0.2 0.22 2.13 2.28

0.0 02 04 06 0.8 1
|

Fig. 12. Dependence of the glass transition temperature on the
mol fraction of MMOMA in poly(MMOMA-co-St), by DSC.

In this study, Staphylococcus aureus ATCC 29213, Escher-
ichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC
27853 were used as bacteria. Candida albicans CCM 31 was a
fungus. YEPD medium cell culture was prepared as described

Table 6. Antimicrobial effects of the compounds (mm of zones)

by Connerton (42). Ten milliliters of YEPD medium were
inoculated with each cell from plate cultures. Yeast extract
1% (w/v), bactopeptone 2% (w/v), and glucose 2% (w/v),
was obtained from Difco. Microorganisms were incubated at
35°C for 24 h. About 1.5 ml of these overnight stationary
phase cultures were inoculated onto 250 ml of YEPD and
incubated at 35°C until ODgq reached 0.5.

The antibiotic sensitivity of the polymers was tested with the
antibiotic disk assay as described (43). Nutrient Agar (NA) was
purchased from Merck. About 1.5 ml of each prepared different
cell culture were transferred into 20 ml of NA and mixed gently.
The mixture was inoculated into the plate. The plates were
rotated firmly and allowed to dry at room temperature for
10 min. Prepared antibiotic discs (100 pg) were placed on the
surface of the agar medium (44). The plates were kept at 5°C
for 30 min and then incubated at 35°C for 2 days. If a toxic
compound leached out from the disc, it means that the microbial
growth is inhibited around the sample. The width of this area
expressed the antibacterial or antifungal activity by diffusion.
The zones of inhibition of microorganism growth of the

Compounds Pseudomonas aeruginosa Escherichia coli Candida albicans Staphylococcus aureus
MMOMA — — 8 15
DPOMA 7 10 8 —
Poly(MMOMA) — 11 — —
Poly(DPOMA) — 10 — 9
Poly(MMOMA-co-St)

(21/79) 9 — — —

(52/48) 7 22 — —

(72/28) 10 — — —
Poly(DPOMA-co-St)

(18/82) 7 12 — —

(52/48) — 10 13 11

(74/26) — 9 10 —
Moxiploxacin 15 — — 35
Penicilin G — 6 — 35
Levofloxacin 20 — 9 30
Amikacin 20 6 18 20
Ciprolfoxacin 15 6 — 30
Teicoplanin — 6 12 15
DMSO — — — —

Compound concentration: 100 pg/disc; the symbol (—) reveals that the compounds have any activity against the microorganism.

DMSO: Dimethylsulfoxide (control).
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standard samples monomers, homopolymers and copolymers,
were measured with a millimeter ruler at the end of the incu-
bation period. It has been suggested that the monomers and
their copolymers with N and O donor system and carboxyl
and oxime esters groups might have inhibition on the enzyme
production, which that require a free hydroxy group for their
activity appear to be especially susceptible to deactivation by
the donor atoms of the polymers. The results were compared
with the standard drugs as moxiploxacin, penicilin, g. levoflox-
acin, amikacin, ciprolfoxacin, teicoplanin. The results suggest
that the monomers, polymers and the some copolymers have
good biological activity on the Escherichia coli microorgan-
isms in comparison with standard drugs. However, monomers
and polymers exhibiting and inhibition zone significantly
increased with antibiotic discs of the polymer in the culture,
depending on the disc concentration. The data are listed in
Table 6 and are the average data of two experiments.

4 Conclusions

The synthesis of new methacrylate monomers having pendant
oxime ester moieties have been reported for the first time. The
structure of both monomer and their polymers were character-
ized by spectroscopic methods. Copolymers of these
monomers with St having different copolymer compositions
were prepared. The reactivity ratio values have been dis-
cussed. The reactivity ratio values were derived from the
F-R and K-T methods were in good agreement with each
other. The higher r; value of DPOMA or MMOMA
confirms the higher reactivity of DPOMA or MMOMA
with that of St, and the copolymer sequence will be statistical
in structure with more DPOMA or MMOMA. The biological
activity and thermal stability of the polymers were investi-
gated. The monomers and polymers had good biological
activity in comparison with standard drugs. The decompo-
sition activation energies of the polymers were calculated
with the MHRK method. The molecular weights of the
polymers were determined by GPC. Finally, the photocros-
slinking behavior of the polymers as thin films was tested
in the presence of UV light. The increasing utility of photo-
sensitive polymers in many applications, such as microelec-
tronics, printing and UV-curable lacquers, and inks, has
provided us with an incentive to obtain novel polymers.
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