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One of the recent remarkable strides in polymer
synthesis represents the application of lanthanide com-
plexes as initiators.1 The most characteristic point of
lanthanide-based catalysts involves their high ability
to initiate and control the polymerization of a wide
range of monomers. Unfortunately, the precise poly-
merization of styrene and its derivatives with lan-
thanide catalysts has not been achieved so far.2 Here
we report the preliminary results on the lanthanide-
catalyzed polymerization of tert-butyl 4-vinylbenzoate
(1),3 a styrene derivative having an ester moiety at its
para position (Scheme 1).4 The first example for the
living polymerization of a styrene derivative was ac-
complished by the use of divalent samarium(II) iodide
(SmI2) as an electron-transfer agent.5
The polymerization of 1 was conducted at -40 °C for

24 h by the addition of 1 into a THF solution of SmI2
and HMPA, from which a complete conversion of 1 was
not achieved and a polymer was obtained in 75% yield.6
The molecular weight distribution of the obtained
polymer was rather broad (1.36) under the conditions
(Figure 1a). Many attempts to optimize the conditions
(e.g., reaction temperature, reaction time, and the
concentration of HMPA) with the motivation of provid-
ing living polymer failed. For example, reaction runs
at various amounts of hexamethylphosphoramide
(HMPA, 0-10 equiv with respect to SmI2), which
remarkably influence the polymerization behavior of
alkyl methacrylates by SmI2,7 resulted in the formation
of the polymers with rather broad molecular weight
distributions (1.36-1.54) in moderate yields (60-86%).
By these attempts, we could not exclude the possible
side reactions such as termination by the attack of the
propagation center with the pendant ester groups.
On the other hand, it should be noted that the

addition of SmI3 as a common cationic ion has proven
to drastically enhance the living nature of the poly-
merization.8 That is, the addition of SmI3 led to the
quantitative formation of the polymer with a quite
narrow molecular weight distribution.9 GPC measure-
ments of the produced polymer gave a sharp contrast,
which indicates a large difference in polymerization
behavior between in the absence and presence of SmI3
(Figure 1a,b, respectiviely). Figure 2 shows the molec-
ular weight of the polymer obtained under the SmI2/

SmI3/HMPA system at various feed ratios of 1 to SmI2.
A linear relationship between the molecular weight and
the feed ratio was observed clearly, and the polydisper-
sity was quite low in every case. In the postpolymer-
ization experiments, the GPC signal of the prepolymer
shifted toward the high molecular weight region after
the fresh feed of the monomer, while maintaining its
narrow molecular weight distribution (Figure 3). Thus
the polymerization of 1 with the common salt (SmI3)
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Scheme 1

Figure 1. GPC chromatograms of poly(1) obtained by the
reaction at -40 °C for 24 h ([1]/[SmI2] ) 7.5): (a) without SmI3;
(b) with SmI3 ([SmI2]/[SmI3] ) 9.0).

Figure 2. Plots of Mn versus the monomer/initiator ratio for
the polymerization of 1 using 6.0 equiv of HMPA to SmI2 at
-40 °C. [SmI2]/[SmI3] ) 9.0.

3388 Macromolecules 1998, 31, 3388-3390

S0024-9297(97)01828-7 CCC: $15.00 © 1998 American Chemical Society
Published on Web 04/23/1998



proceeds in living fashion without termination or chain
transfer reaction. These results may suggest that the
addition of SmI3 reduces the reactivity of the propaga-
tion centers, depressing the nucleophilic attack of the
growing center on the carbonyl carbon. The reduced
reactivity of the growing center also enabled the pro-
duction of the polymer at high temperature; the poly-
merization of 1 without SmI3 did not proceed at all at
room temperature, whereas a high conversion of 1 (80%)
was attainable in the presence of SmI3.10
The ability of this system to induce living polymeri-

zation of 1 also provided the block copolymer with alkyl
methacrylates (Scheme 2). For instance, after the
addition of tert-butyl methacrylate (TBMA) into the
solution of poly(1), the increase in the molecular weight
of the prepolymer was recognized, as shown in Figure
4. A quantitative conversion of TBMA was obtained,
and the produced polymer showed a quite narrow
molecular weight distribution. The 1H NMR spectrum
of the resulting polymer clearly revealed the signals
attributed to both poly(1) and poly(TBMA) segments.
These results are indicative of the successful formation
of the ABA-type triblock copolymer without the produc-
tion of respective homopolymers.7
In summary, we have demonstrated the first example

for the lanthanide-catalyzed living polymerization of a
styrene derivative. The combination of SmI2 with SmI3

has proven to be quite effective in inducing the living
polymerization of tert-butyl 4-vinylbenzoate. Detailed
investigation on the polymerization behavior as well as
the availability of other styrene counterparts is now in
progress.
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Scheme 2

Figure 4. GPC chromatograms of (a) poly(1) ([1]0/[SmI2] )
7.2) and (b) the block copolymer of 1 with TBMA (52.8 equiv
to SmI2).
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