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Synthesis of polymers and materials of controlled architectures
is of current interest in both industrial and academic research.
These challenges are being met partly through the use of living
polymerizations. In polycondensation, however, polymers of
controlled architectures have not been synthesized except for
stepwise synthesis of dendritic macromolecules1 and linear
oligomers.2 We have proposed that one approach to control
polycondensation with the formation of macromolecules having
a defined molecular weight and a narrow molecular weight
distribution is to make polycondensation proceed in a chain-
growth reaction manner from an initiator like living polymeriza-
tions.3,4 We call this type of polycondensation “Condensative
Chain Polymerization” according to the recent IUPAC recom-
mendations.5 Previous work in this group has shown that
4-trimethylsiloxybenzoyl chloride has the possibility of undergo-
ing condensative chain polymerization by model reactions4 and
that the polycondensation of a 4-bromophenol derivative and
carbon monoxide can proceed in a chain polymerization manner
in the initial stage.6 An important thing for successful condensative
chain polymerizations is to prevent the reaction of monomers with
each other leading to step polycondensations. It occurred to us
that the polymerization of solid monomers dispersed in the organic
solvent with a phase transfer catalyst (PTC) would be an attractive
route to condensative chain polymerizations. Thus, solid mono-
mers do not react with each other and the monomer transferred
to organic solvent with PTC would react with an initiator and
the polymer end group in organic solvent (Scheme 1). Although
all the advantages of PTC techniques have been applied to
polymer synthesis,7 especially in condensation polymers, no study
has been reported on the control over the molecular weight and
polydispersity of condensation polymers by PTC. Herein we report

the polycondensation of potassium 4-bromomethyl-2-n-octyloxy-
benzoate (1)8 with 18-crown-69 in acetone in the presence of
4-nitrobenzyl bromide (2) as an initiator to yield polyesters with
a defined molecular weight and a narrow molecular weight
distribution (Mw/Mn < 1.3).

We first optimized the amount of 18-crown-6 for this polym-
erization. By the use of a large amount of 18-crown-6, step
polymerizations would occur because the concentration of
monomer in solvent becomes higher than that of an initiator, and
the reaction of the monomers with each other would take place.
On the other hand condensative chain polymerizations would
occur by the use of a small amount of 18-crown-6, but the
polydispersity would become broad because it is difficult to
propagate homogeneously from each initiator by a small supply
of monomer. The polymerization of1 was carried out in acetone10

in the presence of 10 mol % of2 at various amounts of
18-crown-6 at room temperature for 24-48 h (conversion)
100%) (Table 1). Equimolar amounts of 18-crown-6 and2 were
found to yield polyester with the narrowest polydispersity.

To elucidate whether chain polymerization or step polymeri-
zation takes place in this polycondensation, the polymerization
of 1 was carried out in the presence of 7 mol % of2 at room
temperature, and the polymer molecular weights, polydispersities,
and the ratios of end group to initiator unit in polymer were plotted
against monomer conversion (Figure 1). The ratios of end group
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Scheme 1

Table 1. Effect of the Amount of 18-Crown-6 on Polymerization
of 1 in the Presence of 10 mol % of2a

18-crown-6, mol % Mn
b Mw/Mn

b

2 2900 1.49
5 2800 1.45
7 2700 1.47

10 2400 1.36
15 2500 1.45
30 2500 1.57

100 2500 2.13

a Polymerization of1 was conducted in acetone ([1]0 ) 0.33 M) at
25 °C for 24-48 h (conversion) 100%).b Determined by GPC based
on polystyrene standards using THF as solvent.
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to initiator unit were determined by the1H NMR spectra after
the reaction of the polymer end groups with an excess amount of
potassium 4-methoxyphenolate.11 The molecular weight12 in-
creased in proportion to conversion, and theMw/Mn ratios were
less than 1.3 over the whole conversion range. The ratios of end
group to initiator unit were constantly about 1.0 irrespective of
conversion. This polymerization behavior agrees with the features
of living polymerizations of vinyl monomers and cyclic mono-
mers. In general polycondensations that proceed in a step
polymerization manner, the molecular weight does not increase
much at low conversion of monomer and is accelerated at high
conversion. The ratios of end group to initiator unit would be
larger than 1.0 in the initial stage because monomers react with
not only an initiator but also other monomers. This ratio would
approach 1.0 in the last stage, as polymer chains that have not
reacted with the initiator react with the end group of polymer
chains having the initiator unit.13 Consequently, Figure 1 shows

that the polycondensation of1 proceeds not in a step polymeri-
zation manner but in a chain polymerization manner.

In another series of experiments,1 was polymerized with
varying feed ratio ([1]0/[2]0). As shown in Figure 2, the polymer
molecular weights obtained at 100% conversion were directly
proportional to the [1]0/[2]0 ratio. The observedMn values were
in good agreement with those calculated with the assumption that
one initiator molecule forms one polymer chain. The polydisper-
sitiesMw/Mn ratio of polymer stayed less than 1.3 over the whole
range of the [1]0/[2]0 ratio.14 This also agrees with the features
of chain polymerizations.

In conclusion, our results demonstrate that the polycondensation
of solid monomer1 with PTC in organic solvent containing
initiator 2 enable us to synthesize condensation polymers having
a defined molecular weight and a narrow molecular weight
distribution. This polycondensation involves a chain polymeri-
zation from the initiator in the solvent phase without the reaction
of solid monomers with each other. We are confident that an
example of the control over the molecular weight and polydis-
persity of condensation polymers by virtue of a simple PTC
technique will render considerable impulse to the development
of polymer synthesis, since PTC techniques have been success-
fully applied to a wide range of polycondensations, including
industrial production of polymers. Studies of condensative chain
polymerization of other monomers with PTC are currently under
way.
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(11) Polymer model compound, 4′-nitrobenzyl 4-bromomethyl-3-n-octyl-
oxybenzoate was reacted with 5 equiv of 4-methoxyphenol in the presence of
4.5 equiv of potassium hydroxide in dichloromethane and water containing a
catalytic amount of tetrabutylammonium bromide as a phase transfer catalyst
for 24 h to give the corresponding 4-methoxyphenyl ether in 99% yield (HPLC
yield) without hydrolysis of the ester linkage of the polymer model compound.

(12) The polymer molecular weights were estimated by gel permeation
chromatography (GPC) based on polystyrene standards. However, the mo-
lecular weights determined by GPC were in good agreement with those
determined by1H NMR. For example,Mn (GPC)) 4490,Mn (NMR) ) 4480.
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Hiyama, N.; Suzuki, H.; Yokozawa, T.Polym. Prepr. Jpn.1999, 48, 307.

(14) When the [1]0/[2]0 ratios were 20 or above, the polymers having the
molecular weights close to the calculated values were obtained as well as
oligomers without the initiator2 unit.

Figure 1. Mn, Mw/Mn, and the ratio of end group to initiator unit values
of poly1, obtained with 7 mol % of2 and 18-crown-6 in acetone at 25
°C, as a function of monomer conversion: [1]0 ) 0.33 M; [2]0 ) [18-
crown-6]0 ) 0.023 M.

Figure 2. Mn andMw/Mn values of poly1, obtained with2 and 18-crown-6
in acetone at 25°C, as a function of feed ratio of1 to 2: [1]0 ) 0.33 M;
[2]0 ) [18-crown-6]0 ) 23-330 mM; conversion) 100%.
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