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6-Methyl-2-vinyl-3-pyridazinone
in Protic Media

TSUNEHITO EDA, KATSUHIRO ARAI YOSHIO MATSUBARA,
MASAKUNI YOSHIHARA, and TOSHIHISA MAESHIMA

Faculty of Science and Engineering
Kinki University
Higashi-Osaka, 577 Japan

ABSTRACT

Radical copolymerizability of 6-methyl-2-vinyl-3-pyridazinone
(I) has been reinvestigated in acetic acid and also in the pres-
ence of polyacrylic acid (PAA). Copolymerization of styrene
with I was carried out in a few solvents. A positive ez value
was obtained in acetic acid while negative e> values were
obtained in benzene and DMF, I was allowed to copolymerize
with a few monomers such as styrene, methyl methacrylate,
and acrolein in the presence of PAA to give block-type copoly-
mers, All these observations indicate that polymerizability
of I is controlled by the hydrogen bonding interaction between
the carbonyl group of I and the hydroxyl group of the additive.

INTRODUCTION

We recently reported that the radical polymerizability of the double
bond in the pyridazinone ring was affected by the effective ring conju-
gation of the ring involving the carbonyl group and a pair of electrons
on a nitrogen atom [ 1-5]. More recently, this reactivity was shown
to be considerably influenced by such protic solvents as phenol and
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carboxylic acid, perhaps due to hydrogen bonding to the polar pyrid-
azinone ring [6-9]. In connection of these observations, the polym-
erizability of 6-methyl-2-vinyl-3-pyridazinone (I) has been reinves-
tigated in protic media as well as in the presence of polyacrylic acid.

EXPERIMENTAL

Acrylic acid (AA), styrene (St), methyl methacrylate (MMA), and
acrolein (AL) were purified by distillation under reduced pressure
in a stream of nitrogen.

The various solvents used in this paper were purified according
to methods described elsewhere,

6-Methyl-2-vinyl-3-pyridazinone (I) and 6-methyl-2-phenyl-3-
pyridazinone were prepared by the previous method [ 4, 8]. Poly-
acrylic acid (PAA, M_ = 1.6 X 10*) and polystyrene (PSt, M =4X 10%)

were prepared by the radical polymerization of AA and St using 2,2'-
azobisisobutyronitrile (AIBN). The average molecular weights were
determined by means of osmometry and viscometry methods.

All polymerizations were carried out in degassed ampules (60°C)
into which the required amounts of the monomers, the initiator, and
the additives were placed. The reaction mixture was poured into
a large amount of methanol to precipitate the polymer, which was
purified by repeated reprecipitation from the DMF-methanol system
or the DMF-water system. By infrared and NMR spectral analysis
and elementary analysis, the polymers were found to contain no other
impurities, especially compounds such as acetic acid and PAA,

RESULTS AND DISCUSSION

Copolymerization of I with St (M,) in Acetic Acid

Free-radical copolymerization of St (M;) with I was carried out
in a few solvents and the results, shown in Table 1, clearly indicate
that the reactivity was enhanced in acetic acid as compared to benzene
and DMF; i.e., the smallest r; and rz values as well as the largest
Rp values were obtained in acetic acid. One of the most interesting

facts in Table 1 is that a positive ez value was obtained in acetic acid
while negative ez values were obtained in benzene and DMF. This is
reasonably explained by a hydrogen-bonding interaction between I and
acetic acid which causes a drift of electrons on a nitrogen atom to the
carbonyl-oxygen atom as shown in Fig. 1 and thus increases the
copolymerizability with the rather negative St. It should be noted
that a larger e; value was obtained in the copolymerization of St (M,)
with the I-BF30Etz complex [6]. This difference in ez value is
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TABLE 1. Radical Copolymerization of St (M,) with I in a Few
Solvents at 60°C2

R_X 10° P

Solvents r: rs r.,r2 Q: ez (mol/L-s)

Acetic acid 0.52 0,39 0.20 0.71 0.41 2.12

DMFC 0.20 0.15 0.03 1.12 1.07 -
Benzene 0.92 0,96 0.88 0.82  -0.44 1,99
DMF 0.90 0.90 0.81 0.74 -0.34 1.24

Ast] + HI] =1 mol/L.
blst]/[1] = 1.
CI-BF3;OEt: complex in DMF [6].

FIGURE 1.

considered to be caused by the different degree of electrophilic inter-
action between acetic acid and BF30Et: against the carbonyl oxygen
atom of L

Polymerization of I in the Presence of Polyacrylic

Acid (PAA)

When PAA is used in the place of acetic acid, I is considered to be
fixed on PAA due to the hydrogen-bonding interaction which will
influence the polymerizability of I. In this point of view, I was
allowed to polymerize in the presence of PAA and also in other re-
lated substances (Fig. 2), It is interesting to note that in the case of
PAA the maximum value of the conversion was observed at an I-PAA
ratio of 1:1, indicating that there may be some interaction between I
and PAA. Similar phenomena have been observed for the polymeriza-
tion of methacrylic acid and/or p-hydroxystyrene in the presence of
poly-N-vinyl-5-methyl-2-oxazolidone and ascribed to the so-called
matrix polymerization [ 10] in which the monomer is considered to
be somewhat arranged on the polymer chain.
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FIG. 2. Polymerization rates of I in the presence of a few addi-
tives in DMF at 60°C, Additives: (© ) PAA, (®) acetic acid, (=)
PSt, ( 2) toluene. Time = 10 h, [I] = 1 mol/L, [AIBN] =5 x 10°°
mol /L.
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FIG. 3. Copolymerization curves for the copolymerization of 1
(M,) with a few monomers in the presence of PAA at 60°C: MMA in
DMF in the absence of PAA (® ), AL in benzene ( @ ), St in benzene
(o), MMA in benzene (8 ). [M] +[Mz] = 0.5 mol/L, [ AIBN] =
1 x 10° mol/L, [ PAA]/[1] = 1.
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FIG. 4. Relationship between r, and additive concentration for
copolymerization of II with St (M) in the presence of PAA and acetic
acid in DMF at 60°C: Acetic acid (o), PAA (o), [Mi] +[Mz] =
2 mol/L, [ AIBN] =1 X 10"% mol/L.

According to this mechanism, I must be concentrated on the poly-
mer chain of PAA due to the hydrogen bonding interaction. In order
to investigate this possibility, I has been copolymerized with a few
monomers in the presence of PAA (Fig. 3). Unfortunately, all the
copolymerizations proceeded heterogeneously; however, it is note-
worthy that the copolymer compositions in every case did not vary
significantly with a change of I concentration in the monomer feeds.
These results seem to imply that block-type copolymer were formed,
perhaps by the concentration of I on the polymer chain of PAA due to
hydrogen-bonding interaction.

This hypothesis may be partly supported by the following observa-
tions (Fig. 4). The r, values were found to decrease with an increase
of the PAA concentration for the copolymerization of 6-methyl-2-
phenyl-3-pyridazinone (1) with St (M) in DMF, in which the reaction
proceeded homogeneously. This is also considered to be rationalized
by the concentration of II on PAA due to hydrogen-bonding interaction.
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