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Copolymers with specifically desired properties can
be synthesized by variations in the nature and relative
amounts of the two monomer units in the copolymer
product, where generally two monomers simultaneously
have been polymerized. Recent advances in the inser-
tion of monomers to the backbone of homopolymers
afford another access to copolymers. For example, ran-
dom copolymers are prepared by the insertion of epoxy
compounds into polyesters,1 by the insertion of cyclosi-
loxanes into polysiloxanes,2 and by the insertion of
acetylenes3 or quinones4 into polysilanes. Alternating
copolymers, which are produced via complete insertion
into all backbone linkage of homopolymers, are also
synthesized by the insertion of isocyanides into oligosi-
lanes,5 by the insertion of ε-caprolactam into polycar-
bonates,6 and by the insertion of thiiranes or oxiranes
into polythioesters.7
We have recently reported the synthesis of poly-

(benzylic ether) 1 of the type (A-O)n by a catalytic
polycondensation of bis(trimethylsilyl) xylylene ether,
where one of the major problems is cleavage of the ether
linkage of the polymer with the catalyst with elongation
of reaction time.8 However, Okuda and Yoshihara’s
observation9 of montmorillonite-catalyzed conversion of
dibenzyl ether into benzyl alkyl ether in the presence
of alkyl alcohol suggested that the cleaved benzyl ether
linkage of 1 could be converted into the benzyl alkyl
ether linkage via insertion of an alkyl diol segment; this
would be the first example of the insertion of monomers
into polyethers. We wish to report our preliminary
results on a new approach to polyethers 3 of the alter-
nating copolymer type (A-O-B-O)n from the polyether
1 of the homopolymer type (A-O)n through the insertion
of diol disilyl ether 2 into the polyether 1.

The polyether 1 (Mh n ) 3200, Mh w/Mh n ) 1.46)10 was
prepared in situ by the reaction of R,R′-dimethylxylylene
bis(trimethylsilyl) ether with 10 mol % of trimethylsilyl
trifluoromethanesulfonate (Me3SiOTf) in diethyl ether
at ambient temperature.8 Into the reaction mixture was
added 1,4-bis(2-(trimethylsiloxy)ethyl)benzene (2a) and
10 mol % of Me3SiOTf, followed by stirring for 24 h at

this temperature. The reaction was terminated with
ammoniacal methanol, and the solution was poured into
a large amount of methanol to yield a polymer (Mh n )
4400, Mh w/Mh n ) 1.54)10 in 20% yield.11 To confirm the
structure of the polymer obtained, model compounds,
R-phenethyl ether (4) and R-phenethyl â-phenethyl
ether (5), were prepared, and their 13C NMR spectra
were measured in CDCl3. The carbon signals adjacent
to an ether linkage of 4 were observed at 75.1 and 74.7
ppm as a diastereomeric mixture and the signals of 5
at 78.3 and 69.9 ppm. In the 13C NMR spectrum of the
polymer obtained, the carbon signals adjacent to an
ether linkage were observed at 78.4 and 70.3 ppm, and
the signals around 75 ppm were not observed. The com-
parison of the 13C NMR spectra of the model compounds
with that of the polymer indicated that the polymer did
not contain the units of 1 but consisted of only the units
of 3a, that is, the polyether 1 of the type (A-O)n was
reconstructed into the polyether 3a of the type (A-O-
B-O)n by the insertion of 2a into the ether linkage of
1.12

The insertion of a variety of compounds 2 into the
polymer 1was also carried out (Table 1).13 The primary
diol disilyl ethers effectively underwent insertion to
yield the polyethers of the type (A-O-B-O)n, although
2 with a long carbon chain resulted in contamination
of a few (A-O)n units. When the secondary diol disilyl
ethers were used, the insertion took place very slowly
to afford the polymer containing a small amount of (A-
O-B-O)n units, implying that the insertion into the
polymer was strongly affected by the bulkiness of 2.
As a model reaction, the ether 4 was reacted with bis-

(trimethylsiloxy)ethane (2b) and 15 mol % of Me3SiOTf
in ether at room temperature for 7 days. Surprisingly,
however, the insertion of 2b into 4 did not occur at all.
Taking into account the presence of hexamethyldisilox-
ane in the insertion of 2 into the polyether 1 prepared
in situ, the model reaction above was then carried out
in the presence of 1 equiv of hexamethyldisiloxane for
6 days to yield the oxyethyleneoxy-inserted ether 6 in
31% yield (46% conversion). Consequently, hexameth-
yldisiloxane was ascertained to be required for the
cleavage of the benzylic ether linkage with Me3SiOTf
in diethyl ether; the exact reaction mechanism remains
unclear at present.14† Kanagawa University.

Table 1. Insertion of 2 into Polyether 1a

3

R of 2b Mh n of 1c yield, %d mol % of 2e Mh n
c

1,4-(CH2CH2)2C6H4
f 3200 20 50 4400

(CH2)2 3000 11 50 2000
(CH2)8 2200 16 41 2000
CH(CH3)CH(CH3) 2600 20 g 3300
1,4-C6H10 3000 16 16 3400

a Reaction was carried out in Et2O at room temperature for 7
days. b Two equivalents. c Estimated by SEC based on polystyrene
standards. d Polymer insoluble in MeOH. e Estimated by 1H NMR.
f One equivalent of 2was reacted with 1 for 24 h. g Not determined.
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The formation of polyethers of the type (A-O-B-O)n
from the polyether 1 of the type (A-O)n via insertion of
2 seems to be attributed to the rapid cleavage of the
benzylic ether linkages compared to the benzylic alkyl
ether linkages. To clarify this phenomenon, bis(trim-
ethylsiloxy)benzylic ether 7 was treated with 10 mol %
of Me3SiOTf in the presence of hexamethyldisiloxane
to yield polyether 8 (Mh n ) 730,Mh w/Mh n ) 1.22),10 which
would be formed by cleavage of the benzylic ether
linkage, resulting in generation of the benzylic cation
before attack of the siloxy group.15

In summary, the present work has demonstrated a
new access to polyethers of the type (A-O-B-O)n from
polyethers of the type (A-O)n by virtue of insertion of
diol segment B. This system could serve as endowment
of function into polyethers by using the diol segment B
containing functional structures.
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