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Polymerization and Block Copolymerization
Initiated by Unusually Stable Living Propagating
Species Formed in the Cationic Polymerization of
Spiro Ortho Carbonate!

Current interest in the area of polymer synthesis has
been directed to the living polymerization based on the
stable propagating end species. This offers the crucial
synthetic method for polymers of controlled molecular
weights. Living cationic,? anionic,? coordination,* radical,’
and group-transfer® polymerizations are of recent advances
in this field. Meanwhile, the cationic polymerization of
spiro ortho carbonate (SOC) forming a polyether—carbo-
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nate alternative copolymer is believed to proceed via tri-
alkoxycarbenium ion (A) as a possible propagating species.’
Since this type of carbenium ion is well-known to be quite
stable as reported by Olah et al.,® this growing end (A)
should still remain living after the completion of the po-
lymerization. We have confirmed the special stability of
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Figure 1. Time—conversion curves of the cationic polymerization
of SOC 1 with PhyC*BF," in chlorobenzene at room temperature.}®
At the first stage (0-21 h) SOC 1 was polymerized completely
within 9 h (@). At the second stage, fresh SOC 1 dissolved in the
solvent (in the same concentration) added to the poly(SOC 1)
solution was consumed within ca. 30 h (@), while it took ca. 120
h to consume fresh SOC 1 added to the poly(SOC 1) solution after
heating at 120 °C for 2 h (m).
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Fxgure 2. Molecular weight M, (0), M* (@), value of peak top
in GPC), and MWD (A) of the poly(SOC 1) at the second stage,
obtained with Ph,C*BF " in chlorobenzene at room temperature,
as a function of monomer conversion.

the end species and now disclose the preliminary results
on it.

Cationic polymerization of SOC 1 with Ph,C*BF, or
BF;0Et, was found to proceed at room temperature (RT).?
Time—conversion of the polymerization was obtained by
'H NMR work (Figure 1).1° To our surprise, after the
complete consumption of SOC 1, the polymerization clearly
took place again when the same amount of fresh SOC 1
was introduced to the reaction system (Figure 1). The
added monomer was consumed thoroughly in 30 h in the
second stage. Furthermore, fresh SOC 1 added to the
living poly(SOC 1) solution, which was obtained by heating
at 120 °C for 2 h after the complete polymerization at the
first stage, was consumed similarly, though the rate de-
creased (Figure 1). This supports strongly the presence
of a stable and long-lived propagating end of the poly(SOC
1).

As shown in Figure 2,'! M, and M* (peak top value) of
the sample withdrawn from the polymerization solution
of the second stage undoubtedly increased roughly in
proportion to the monomer conversion. MWD (M,,/M,)
was not narrow but approximately constant (1.45-1.61)
during the polymerization.

On the other hand, block copolymerization was carried
out with another SOC 2, which was added after the com-
plete consumption of SOC 1.12 The initial poly(SOC 1)
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(Xl_n 4600, MWD 1.95) was changed to block copolymer

poly(S8OC 1),-block-(SOC 2), (M,, 10600, MWD 1.66, x:y
= 62:38). The block copolymer was soluble in n-hexane
but insoluble in MeOH (yield 69%), while the initial
poly(SOC 1) was insoluble in n-hexane (yield 87%). This

change of solubility as well as the change of M, confirms
unambiguously the occurrence of the block co-
polymerization.

By the similar manner, the block copolymerization of
the living poly(SOC 1) with n-BVE (n-buty! vinyl ether)
was attempted to give block copolymer poly(SOC 1),-
block-(n-BVE), with complete consumption of n-BVE
without any homopolymer.!%!3 Monodispersed GPC peaks
of the crude polymers both before and after the co-
polymerization, either of which showed the same shape by
both UV and RI detection, indicated an obvious shift of

M, to the high molecular weight region.* As expected,
most of the block copolymer (80-90%) became soluble in
n-hexane. This solubility change was consistent with the
segment ratio (x:y = 37:63 by NMR).

The similar block copolymerization with n-BVE occur-
red with use of the heated poly(SOC 1) (for 2 h at 120 °C)
as the initiator as mentioned above. However, the blocking
efficiency was low and a homopolymer of n-BVE was
produced according to the results of GPC. Moreover,
poly[(SOC 1)}(SOC 1)] formed by two-step polymerization
was still living and could initiate the polymerization of
n-BVE!? to afford the block copolymer poly[(SOC 1)(SOC
1)]-block-(n-BVE) along with a small amount of poly(n-
BVE).

Similar results were obtained with poly(SOC 1) formed
in the polymerization with a thermally latent catalyst

PhCH,S*CH,CH,CH,CH,SbF, at 120 °C for 3 h. Fresh
SOC 1 fed to the poly(SOC 1), which was kept at 120 °C
for more than 10 h, was consumed very slowly. Meanwhile,
n-BVE added to the polymer solution was polymerized at
less than RT.!2 The polymer obtained as the n-hexane-
insoluble part was also the block copolymer poly(SOC
1),-block-(n-BVE), (20% yield, x:y = 80:20, M, 5400,
MWD 1.40; poly(SOC 1), M, 4900, MWD 1.42). Thus, the
poly(SOC 1) was still living even at such a high tempera-
ture, although its activity dropped obviously.

From the results mentioned thus far, the polymerization
of SOC is not the ideal living polymerization but has a few
of the characteristics of living polymerization.!® Most
interesting is the great stability of the growing end species.
This living end is regarded as one of the most stable
species,? as assumed from its structure. Recent 'H, 13C,
and °F NMR studies on its structure suggest the trialk-
oxycarbenium ion as expected.’® In addition, the formation
of poly(SOC)-block-(n-BVE) would attract attention as a
unique block copolymer between cyclic ether and vinyl
monomers. We believe that this study should provide a
new polymerization process involving stable propagating
species as well as an attractive entry to synthesize a wide
variety of new block copolymers of considerably controlled
molecular weights.
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New Organometallic Polymers Containing
Tungsten Carbene Complexes!

Inorganic and organometallic polymers containing
transition metals, lanthanides, or main-group elements (P,
Si, 8n, Li, or Pb) are a very intriguing group of materials
and are currently receiving considerable attention.? These
polymers have many useful applications as chemically
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