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Azobis(isobutyronitrile) (AIBN) is one of the typical
radical initiators widely used. Recently, in our continu-
ing studies on radical ring-opening polymerizations,*?
we have found that AIBN and related azo initiators
cause anionic polymerization of a cyclic carbonate under
conditions universally applied to radical polymeriza-
tions.®

When 4-methylene-1,3-dioxan-2-one (1)* was heated
at 80 °C for 4 h in the presence of 3 mol % of AIBN in
chlorobenzene ([C] = 5 M) in a sealed tube, ca. 50% of
1 was consumed to give a polymer, which was collected
by precipitation into ether, in 43% yield (M, 24 600;
Mpn, 8900; Mw/Mp, 2.76). The polymerization of 1
examined under various conditions [varying tempera-
ture (60—80 °C), time, solvent, and concentration]
afforded similar results to the above one. Gelled
polymer was formed in any bulk polymerization. How-
ever, the IR spectrum of this gelled polymer was nearly
the same as that of the soluble polymer. The obtained
polymer was suggested to mainly consist of a linear
polycarbonate by its IH NMR, 13C NMR, and IR spectra.
IR showed both vc—o at 1747 cm~! and vc—o at 1250
cm~i. 1H NMR indicated two major singlets at 5.37 and
4.68 ppm (Figure 1a). The chemical shifts of those
signals were similar to those of the two kinds of
methylene protons of the linear polycarbonate 2 ob-
tained by the anionic polymerization of 1 with sodium
methoxide (1 mol %) at 0 °C (Figure 1b).
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On the other hand, a completely different polymer
was obtained in the polymerization of 1 with benzoyl
peroxide (3 mol %) as initiator at 80 °C for 48 h in
acetonitrile or chlorobenzene ([C] =5 M). The polymer,
precipitated during the polymerization (47% yield),
shows vc_o around 1150 cm~—! and vc—o at 1751 cm™?
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Figure 1. 'H NMR spectra: (a) polymer 7 obtained by
polymerization of 1 with AIBN (3 mol %) at 80 °C for 4 h in
PhCI ([C] = 5 M), solvent of CDCls; (b) polymer 2 prepared by
anionic polymerization of 1 with sodium methoxide (1 mol %)
at 0 °C, solvent of CDCls; and (c) polymer 3 formed by
polymerization of 1 with BPO (3 mol %) at 80 °C for 48 h in
PhCI ([C] = 5 M), solvent of DMSO-ds.

in the IR spectrum and two broad signals around 4.36
and 1.65 ppm in the IH NMR spectrum (Figure 1c).
From these spectral data, the obtained polymer was
suggested to correspond to a vinyl polymer (3). The
polymer was not soluble in ordinary solvents such as
dichloromethane, chloroform, dimethylformamide, etc.
The results suggest that the radical polymerization of
1 affords structure-different polymers depending on the
kind of initiator.

Analysis of the TH NMR (Figure 1) spectrum shows
that the polymer formed with AIBN consists of two
units, i.e., the ring-opening polymerization unit (X) and
the vinyl polymerization unit (Y), in a ratio of 92:8. In
order to clarify the polymerization behavior, the time-
conversion curve® of the polymerization of 1 with AIBN
(3 mol %) at 60 °C was measured (Figure 2). Figure 2
indicates an initial slow consumption of the monomer
followed by a fast consumption after ca. 24 h. In similar
experiments, X—Y ratio of the polymers obtained at low
conversion® was estimated from the 'H NMR spectra
(Table 1 and Figure 3). The X-Y ratio clearly changes
from 7:93 to 36:64 as the conversion of 1 increases from
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Figure 2. Time conversion curve of the polymerization of 1
with AIBN (3 mol %) at 60 °C in bulk.

Table 1. X—Y Ratio of the Polymer Obtained from the
Polymerization of 1 with AIBN (3 mol %) at 60 °C in Bulk

run time (h) yield? (%) X unit® (%) Y unit® (%)
1 6 4 7 93
2 18 7 16 84
3 24 10 36 64

a Ether-insoluble part. ® Determined by 'H NMR spectra.
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Figure 3. *H NMR change of the polymer obtained from the
polymerization of 1 with AIBN (3 mol %) at 60 °C in bulk.

4% to 10%. These results strongly indicate that the
polymerization of 1 involves both slow vinyl polymeri-
zation and fast ring-opening polymerization, giving
polymer 7 with the two different base units. The vinyl
polymerization takes place initially, but the ring-open-
ing polymerization gradually predominates over the
vinyl polymerization.
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In order to examine the generality of this unique
polymerization behavior, various radical initiators were
employed. Azo initiators 4 and 5% afforded results
similar to that of AIBN, whereas di-tert-butyl peroxide
(6) gave a result similar to that of BPO. Thus, the
structure of the polymer from 1 varies depending on the
type of radical initiator.

It is impossible to explain the initiator-dependent
polymerization modes by assuming only radical ring-
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opening polymerization varied by initiator because the
propagating end should be the same free radical.
Meanwhile, 1 is known to undergo cationic and anionic
polymerizations.*” Possibility of ionic ring-opening
polymerization was verified by experiments of effect of
additives. When 2.3 mol % of dicyclohexylamine was
added to the polymerization system (AIBN = 3 mol %,
60 °C, 24 h, chlorobenzene [C] = 5 M), the obtained
polymer mainly contained the ring-opened unit (X)
(yield 29%, unit ratio X:Y = 82:18) like the polymer
produced under the conditions without the additive. In
contrast, polymer mainly having the vinyl polymeriza-
tion unit (Y) (yield 9.2%, X:Y = 10:90) was formed in
the presence of 1.2 mol % of acetic acid under the same
conditions. The results strongly suggests the occurrence
of anionic polymerization but not a cationic one, in
addition to radical polymerization, in this system.
When the polymerization was quenched with excess
chlorotrimethylsilane, the obtained polymer showed
considerable incorporation of trimethylsilyl groups (0.2
ppm in its 'TH NMR spectrum). Furthermore, a cyclic
carbonate without a vinylic group (5,5-dimethyl-1,3-
dioxan-2-one) results in a copolymer with 1, when it is
added into the polymerization system of 1 and AIBN.
Conceivable anionic species formed in this system would
be ketenimine 88 which is reported by Hammond®1° to
be isolated as a thermal decomposition product of
AIBN.® In addition to 8, the N-unsubstituted keten-
imine 10 might be a candidate,!* since 10 has a
nucleophilicity stronger than that of 8. although the
detailed mechanism of the polymerization with AIBN
is not clear, the anionic polymerization of 1 might be
initiated by the nucleophilic attack of 8 or 10 at the
carbonyl carbon of 1.12
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Thus, this Note reports that azo initiators such as
AIBN are able to initiate anionic polymerization, when
a vinyl monomer capable of polymerizing readily with
anionic initiator is used. Although the cationic poly-
merization with radical initiators in the presence of
electron acceptors is reported,1314 this Note demon-
strates the first example of anionic polymerization with
typical radical initiators alone.
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