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Introduction

The initiation process in free radical polymerization
plays an important role in determining polymer proper-
ties such as stability, molecular weight distribution, and
composition. In particular, initiator-derived end groups
can have profound effects on the stability of the polymer
toward thermal and/or photochemical degradation.® The
nitroxide radical trapping technique, employing 1,1,3,3-
tetramethyl-2,3-dihydro-1H-isoindol-2-yloxyl (1) as a

Ot
CO,Me

1=R,NO * MMA

scavenger, has been used extensively to elucidate initia-
tion mechanisms in free radical polymerization.?2 Grif-
fiths et al. studied the reaction of tert-butoxyl radicals
3a with methyl methacrylate (MMA) and reported that
3a underwent not only addition to MMA but also
hydrogen abstraction from MMA in significant propor-
tion (33%).2 This indicates that 3a is a potent hydrogen
abstractor and tert-butoxyl radical initiation introduces
a considerable amount of unsaturated end groups in the
poly(MMA), which will cause instability in the polymer.*

In this paper, the initiation mechanisms for tert-
hexyloxyl radicals 3b, with MMA have been studied.
tert-Alkoxyl radicals having an alkyl group larger than
a methyl group at the tertiary carbon are known to be
susceptible to S-scission to form a ketone and alkyl
radicals at a significant rate in carbon tetrachloride.®
The resulting alkyl radicals have poor H-abstracting
ability, and they will undergo selective addition to
monomer.® However, there have been no reports re-
garding the detailed mechanisms of initiation by 3b.
tert-Alkyl peroxypivalates 2, which are widely used
commercial initiators in the radical polymerization of
acrylates and methacrylates,” are a convenient source
of tert-alkoxyl radicals. In previous work from this
laboratory, we have shown8 (i) that peroxypivalate 2a,
on thermolysis, generates equimolar amounts of tert-
butyl radicals and tert-alkoxyl radicals in MMA (Scheme
1) and (ii) that tert-butyl radicals undergo negligible H
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abstraction from MMA,; all abstraction products are
formed exclusively from abstraction by the alkoxyl
radicals.

Results and Discussion

The thermal decomposition of tert-hexyl peroxypiv-
alate (2b) (0.040 mol dm—3) in MMA as solvent in the
presence of 1 (0.040 mol dm~3) was carried out in vacuo
at 60 °C for 1 h. Alkoxyamines formed by trapping of
the carbon-centered radicals derived from the initiator
or of the radicals resulting from the reactions of initiator
radicals with MMA, were analyzed by HPLC, HPLC—
MS, and NMR. tert-Butyl radicals formed by the
thermolysis of 2b were immediately trapped by 1 to
form 4 or underwent competitive addition to MMA
followed by trapping to give 5 (Scheme 2).

On the other hand, a variety of products were formed
by the reaction of tert-hexyloxyl radicals with MMA, as
shown in Scheme 3. Yields (shown in Table 1) have
been normalized so that the total yield of tert-alkoxyl
radical-derived products is 100%. Alkoxyamines 6 and
7—9 were derived from tert-alkoxyl radical addition to
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Table 1. Normalized Yields (%) of Products from the
Reaction of tert-Alkoxyl Radicals (R'(CH3)2CO*) with
MMA at 60 °C?2

product 3aP (R' = Me) 3b (R' =n-Pr)
6 62.2 6.2
7 29.2 3.4
8 3.1 0.4
9 0.9 0.1
10a 3.7 0.7
1lla 0.9 0.2
10b 38.3
11b 7.6
10c 35.6
11c 7.5

a[1]o = 0.040 mol dm~3, [2]o = 0.040 mol dm~3. Reaction time
= 1.0 h. b Reference 8.

Chart 1
R‘+O Z(‘ONHz
ONR, CO,Me CO,CH,—ONR,
CO,Me
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— "
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9 11a-c
a :R'=Me
b :R'=n-Pr
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Table 2. Proportion (%) of Reactions of tert-Alkoxyl
Radicals (R'(CH3).CO*) with MMA at 60 °C

reaction mode 3a (R'= Me) 3b (R' = n-Pr)
reactions with MMA
addition 62.2 6.2
H abstraction
allylic Me 29.2 3.4
ester Me 4.0 0.5
unimolecular reactions
[-scission
to Me* 4.6 0.9
toR"™ 45.9
1,5-H shift 43.1

MMA and hydrogen abstraction from MMA, respectively
(it is unlikely that any of the alkyl radicals undergo
significant H abstraction from MMA under these reac-
tion conditions, as shown in our work® on peroxypivalate
2a). Alkoxyamines 10 and 11 were derived from the
alkyl radicals formed by rearrangement and/or $-scis-
sion of the tert-alkoxyl radicals. B-Scission of 3a gener-
ated only methyl radicals, resulting in alkoxylamines
10a and 11a. On the other hand, tert-hexyloxyl radicals
3b underwent alternative f-scission, generating n-
propyl radicals (to form 10b and 11b), as well as
pB-scission to generate methyl radicals. Furthermore,
products 10c and 11lc were detected in the reaction
involving 3b. These products were derived from 4-hy-
droxy-4-methylpentyl radicals formed via a 1,5-hydro-
gen shift of 3b. This type of rearrangement is known
in carbon tetrachloride,® but it has not previously been
reported in a monomer such as MMA. The relative
proportions of the various tert-alkoxyl radical-derived
products are summarized in Table 2. Slightly lower
ratios of addition versus H abstraction for 3b compared
with 3a were observed in the reaction with MMA; these
were 65:35 (3a) and 61:39 (3b). We have previously
reported that this ratio decreases in the order hydroxyl
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> ethoxyl > isopropoxyl > tert-butoxyl.’® The present
data are consistent with this trend, the reduced addition
rate being largely due to increased steric hindrance.

The extent of the direct reaction of 3b with MMA was
greatly reduced by competing fast unimolecular reac-
tions, that is, -scission and a 1,5-H shift. Also, the
product yields indicate that the rate of the 1,5-H shift
reaction of 3b was comparable to the g-scission rate
[(10c + 11c):(10b + 11b)]. Thus, unimolecular decom-
position and rearrangement reactions to form alkyl
radicals are predominant in the reaction of 3b with
MMA, occurring to the extent of about 90%. This means
that, overall, the ratio of addition to abstraction is very
high (from Table 2, addition:abstraction = 96.1:3.9, or
about 24:1).

It is concluded that, in contrast to 3a, the main
reacting species in the reaction of 3b with MMA are not
alkoxyl radicals but alkyl radicals formed by S-scission
and rearrangement of the tert-hexyloxyl radicals. The
alkyl radicals formed will undergo selective addition to
MMA;1! therefore, the proportion of overall addition to
MMA in the reaction with 3a and 3b is 67% and 96%,
respectively. This indicates that if 3b was used to
initiate the polymerization of MMA, the proportion of
unsaturated end groups derived from the initiation
process should be much lower than if 3a was used.
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