Influence of 1,4-dihydropyridine derivatives on the initiated
polymerization and oxidation of vinyl monomers
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In this paper, the influence of 1,4-dihydropyridines on the polymerization
of styrene and methyl methacrylate initiated by AIBN and BP was studied.
1,4-Dihydropyridines contained substituents in positions 2,6 and 3,5 and in
some cases also in position 4. It was found that during the polymerization
of both monomers initiated by AIBN substituted 1,4-dihydropyridines have
no influence on the polymerization kinetics and the relative molecular mass
of polymers obtained. During the polymerization initiated by BP, 1,4-dihy-
dropyridines influence the polymerization rate of both monomers because a
reaction between BP and NH group takes place. The acceleration or re-
tardation of the polymerization is the final effect of this reaction. This effect
depends on the reactivity of vinyl monomer. During the oxidation of styrene
initiated by AIBN in the presence of 1,4-dihydropyridines retardation was
observed.

B pa6orte uccnenosaHo BiMsHHAE 1,4-AMrHIPONHPHAMHOB Ha MOJMMEDH-
3aIMIO CTHpOJIa ¥ MeTWIMeTakpwiaTta uHunuuposanHyro AUBH u BII.
1,4-JIMruOpONMPHIMHB COAEPXKAJIH 3aMECTHTENM B MOJIOXeHuH 2,6; 3,5
win 4. HafineHo, 4T0 NpH HHAIMHPOBAHHOM MOJIEMEpH3aIMH 00eUX MOHO-
MepoB ¢ AUBH 3amemmenssle 1,4-TuruIponHpUIRHEI HE BIUSIOT HA KUHE-
THKY MOJIMMEPH3AIMHA H H3MEHEHHE MOJIEKYJISPHBIX BECOB NMPHTOTOBJICH-
HbIX noymmepoB. Ilpu mHMIMUpoBaHHON mosmMepu3ammu ¢ BI1 BausioT
HccaenyeMsle |,4-TUruaponMupUINHEI HA CKOPOCTh NMOJMMEPH3aLHH BCIIEI-
creue peakiuuu Mexay BI1 m NH rpymmoi. B pesynbTate 3T0# peakmun
YCKOPSIETCS MJIH 3aMeJIseTC MOJIMMEPU3anus, KOTOpasi 3aBUCAT OT peak-
IMOHHOH CIOCOOHOCTH M NOJIAPHOCTH BUHHIIBHOTO MOHOMepa. [1pu nHuIMm-
HpOBaHHOM okHucJieHHH ctaposia ¢ AUBH Mii o6HapyXmwin mpexnae BCero
HX 3aMeIsIoLIee BIIASHHE.

The chemical properties of dihydropyridines are described in detail in papers
[1, 2]. During the last several years, there was drawn attention towards these
compounds from the viewpoint of synthesis and application in many fields. In
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the polymer chemistry, some of these derivatives have been recommended as
light and heat stabilizers for vinyl polymers and copolymers [3—S5]. Hitherto, no
papers have appeared dealing with the effect of substituted 1,4-dihydropyridines

on the initiated polymerization and oxidation of styrene and methyl methacry-
late.

Experimental
Chemicals

1,4-Dihydropyridines (DHP): 2,6-dimethyl-3,5-diacetyl-4-(2-furyl)-1,4-dihydropy-
ridine (m.p. = 131°C; DHP-1); 2,6-dimethyl-3,5-diethoxycarbonyl-4-phenyl-1,4-dihy-
dropyridine (m.p. = 157—159 °C; DHP-2); 2,6-dimethyl-3,5-diethoxycarbonyl-1,4-dihy-
dropyridine (m.p. = 182—183°C; DHP-3) were prepared according to [6, 7] and they
were purified by crystallization from ethanol.

Commercial styrene was washed by aqueous solution of NaOH to remove the sta-
bilizer and then it was dried with anhydride CaCl,; dry styrene was distilled twice at
reduced pressure under nitrogen. Methyl methacrylate was distilled, then prepolymerized
and again distilled at reduced pressure under nitrogen before use.

a,a’-Azobisisobutyronitrile (AIBN) was purified by a threefold crystallization from
methanol. Benzoyl peroxide (BP) was purified by a threefold precipitation from a
chloroform solution by methanol. The initiators were stored in dark at laboratory
temperature. Nitrogen was purified by the procedure given elsewhere [8].

Procedures

The polymerization of styrene and methyl methacrylate initiated by AIBN and BP in
the presence of substituted DHP was carried out in glass dilatometers 10—12cm? in
volume, capillary length 60cm and capillary diameter 0.2cm. The remaining dissolved
oxygen was removed from monomer by repeated freezing, filling with nitrogen, and
evacuation of dilatometers.

The oxidation of styrene initiated by AIBN in the presence of DHP was studied in
a 6-column oxidation device with automatic record of oxygen consumption at atmo-
spheric pressure and 50 °C [8].

Results and discussion

During the polymerization of styrene and methyl methacrylate initiated by
AIBN in the presence of DHP no effects on either the polymerization kinetics
or the relative molecular mass of obtained polymers have been observed. This
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proves that the radicals formed from the initiator and the growing polymer
radicals do not react with the reactive centres, such as N—H groups, C—H
groups, and the substituents. It may be concluded that the N—H bond energy
in DHP is similar to that in the derivatives of piperidine [9]. _

During the polymerization of both vinyl monomers initiated by BP, the
influence of DHP, which differs for the individual monomers (Figs. 1 and 3), has
been observed.
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Fig. 1. Polymerization of methyl methacrylate initiated by BP (¢ = 1.0 x 10->moldm?) in the
presence of DHP (¢ = 1.0 x 10~2moldm~?) at 60°C.
0. Without DHP; 1. DHP-1; 2. DHP-2; 3. DHP-3.
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Fig. 2. Dependence of the initial polymeﬁzation rate of methyl methacrylate initiated by BP
(c = 1.0 x 1072moldm™?) on the DHP concentration at 60°C.
1. DHP-1; 2. DHP-2; 3. DHP-3.
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It is obvious from Fig. 1 that the DHP-1 and DHP-2 derivatives act as
retarders during the polymerization of methyl methacrylate, while the DHP-3
derivative, which has no substituents in position 4, accelerates the polymeriza-
tion in the mentioned conversion range of polymerization. The influence of
DHP concentration on the initial polymerization rate v, of methyl methacrylate
is shown in Fig. 2.
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Fig. 3. Polymerization of styrene initiated by BP (¢ = 1.0 x 10-2moldm™3) in the presence of
DHP (¢ = 1.0 x 10~*moldm~3) at 60°C.
0. Without DHP; /. DHP-1; 2. DHP-2; 3. DHP-3.
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Fig.4. Dependence of the initial polymerization rate of styrene initiated by BP
(c = 1.0 x 10"*moldm™>) on the DHP concentration at 60°C.
1. DHP-1; 2. DHP-2; 3. DHP-3.
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In contrast to methyl methacrylate, DHP derivatives accelerate the poly-
merization of styrene (Fig. 3). With increasing concentration of DHP, their
influence on the polymerization rate is increasing (Fig. 4). DHP-3 derivative
behaves anomalously, decreasing the polymerization rate v, at higher conver-
sions (Fig. 3, curve 3).

On the basis of the results obtained it is possible to conclude that DHP
accelerate the decomposition of BP due to the presence of N—H group. Decom-
position of BP in the presence of DHP-3 in acetonitrile at 30 °C was studied [10].
It was proved that the main reaction products are corresponding pyridine and
benzoic acid. As the confirmation of BP decomposition in the presence of DHP
serves the fact that polymer formation was observed in methyl methacrylate
polymerization initiated by BP in the presence of DHP-2 at 25°C, when no
thermal decomposition of BP takes place [11]. The observed BP decomposition
in the presence of DHP takes place as a consequence of the complex formation
[12, 13] (Scheme 1).
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Scheme 1

Further changes of CCH,COO™, C6H5COC'), and amine cation radical depend
on the monomer reactivity and polarity of the medium. The cation radical, as
unstable intermediate product [14], can split off a proton to form a pyridinyl
radical, which can decay in the polymerization system by the mutual recombina-
tion, in the reaction with the benzoyl radical, but it can be also stabilized by the
resonance under the formation of a carbon radical. The reactivity of the pyridi-
nyl radicals is influenced by the type of the substituents in positions 2,6 and 3,5
but also in position 4 [15, 16]. The final products of the chemical changes of the
amine cation radical are radicals, which in the presence of reactive monomer
participate in the initiation step of polymerization or in the termination of
growing radicals. In this way, it is possible to explain either acceleration or
retardation effect of DHP in the polymerization of styrene or methyl methacry-
late initiated by BP.
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Fig. 5. Oxidation of styrene initiated by AIBN (c = 1.0 x 10~>moldm~>) in the presence of DHP
(¢ =1.0 x 10~2moldm~%) at 50°C.
0. Without DHP; /. DHP-1; 2. DHP-2; 3. DHP-3.

To gain some additional knowledge about the reactivity of DHP their in-
fluence on the oxidation of styrene has been studied (Fig. 5).

It is evident from the course of the kinetic curves of the styrene oxidation
initiated by AIBN that DHP-1 and DHP-2 derivatives act as retarders, while
DHP-3 derivative has no marked influence on the oxidation. Such a behaviour
of DHP in the oxidation system is caused by the preferential reaction of RO
radicals with NH group and C—H bond of DHP.
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