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Introduction. Cyclic olefin copolymers (COC) such as poly-
(ethyleneeo-norbornene) and poly(propylem®-norbornene)

2031

Table 1. Copolymerization of Propylene and Norbornene with

2-dMMAO 2
time vyield M,P N in copolymef  Tqd
entry (min) (@) (x10% Mu/M,® (mol %) (°C)
1 1 0.12 2.1 1.21 —e 247
2 2 0.25 4.3 1.13 —e 245
3 3 0.39 6.4 1.11 —€ 248
4 4 0.53 8.2 1.12 78 252

aPolymerization conditions: toluerre 30 mL, Ti = 10 umol, Al =
2.0 mmol, propylene= 1.0 atm, N= 0.9 M. ® Number-average molecular
weight and molecular weight distribution determined by GPC using universal
calibration.c Determined by from3C NMR. ¢ Determined by DSC¢ Not
determined.

consisting of syndiotactic PPsHP) and poly(propylenean-
norbornene) sequences.

Results and DiscussionCopolymerization of propylene and
norbornene by2-dMMAO was performed in toluene at 2%
under an atmospheric pressure of propylene. The results are
summarized in Table 1. The catalytic system showed high

have experienced a phenomenal development in academic an@ctivity and gave high-molecular-weighig) copolymer for 1

industrial research laboratorigsince COC are a new interesting

min with narrow molecular-weight distribution (MWD) (entry

class of amorphous and thermoplastic materials with high glass: Table 1). We therefore investigated the living nature of the

transition temperatureTg), high transparency, high chemical

resistance, low water absorption, and good solubility in organic

copolymerzation by changing the polymerization time.
Figure 1a illustrates the GPC curves of the copolymers

solvents. These properties of COC can be controlled by obtained, which shifted to the higher molecular weight region
comonomer composition, sequence distribution, and microstruc- according to the polymerization time. TM and MWD values

ture of copolymers. For example, poly(ethyleae-norbornene)

showed a higheily value with wider temperature range than

poly(ethylenealt-norbornene¥$. ¢ Although poly(ethyleneso-

are plotted against the yield in Figure 1b, which shows a good
linear relationship with keeping narrow MWDs. The results
testified that the copolymerization of propylene and norbornene

norbornene) can be produced by various transition-metal-basedProceeded in a living manner.

catalysts, there are a few examples of the catalysts that

copolymerized ethylene and norbornene in a living maningr.

The structure of poly(propylenes-norbornene) (entry 4,
Table 1) was investigated byYC NMR spectroscopy. In the

Several block copolymers consisted of polyethylene as crystal- spectrum shown in Figure 2a, the resonances appear at the range

line segment and poly(ethylermdt-norbornene) as amorphous
segment were synthesized by the living systém? The Ty

of 20.1-21.6, 14.6-19.1, 35.4-37.5, and 33.334.2 ppm,
which are assignable to the methyl carbon of propytene

value of the block copolymers was, however, limited because propylene sequence (f, the methyl carbon of propylere

of the alternate structure of ethylene and norbornene.
Poly(propyleneran-norbornene) showed a highg&g value

norbornene sequencegfPthe bridged methylene carbon of
norbornene in the norbornenaorbornene sequences (C7), and

than poly(ethylenean-norbornene) with the same norbornene  the bridged methylene carbon of norbornene in the propytene
content and molar mass, but the catalysts which copolymerizenorbornene sequence (¢, 7respectively® These resonances

propylene and norbornene are very limitédve have previ-
ously reported that{BuNSiMeFIu]TiMe; (1) activated by Me-
Al-free dried aluminoxane (dMAO) not only conducted living
polymerization of propylene and norbornéh®¥ but also

copolymerized propylene and norbornene with high activity to

produce random copolymers, of whi¢pvalues showed a good
linear relationship with norbornene content in the copolyriers.
We have recently found that the introduction of tieet-butyl
substituents on the fluorenyl ligand df at the 3,6-position
[t-BuNSiMey(3,64-BuyFlu)]TiMe; (2) improved the activity and
syndiospecificity in propylene polymerization to give living

polypropylene (PP) with the syndiotactic triad of 0.93 and

melting point of 142°C .17

In this Communication, we report the preliminary results of

propylene-norbornene copolymerization witidried modified
MAO (dMMAO). The catalytic system promoted living random

indicate the production of poly(propyleman-norbornene), and
the norbornene content was determined to be 78 mol %. The
thermal properties of the copolymers were then investigated by
DSC, and the results are shown in Table 1. All the copolymers
were amorphous with highy values near 250°C, which
indicates that similar random copolymers were formed irrespec-
tive of the polymerization time.

These results encouraged us to synthesP@®d-poly-
(propyleneran-norbornene) witl2-dMMAO. To increase the
syndioregularity o6PP, we conducted propylene polymerization
in toluene at-20 °C under atmospheric pressure of propylene.
After the 5 min homopolymerization, a prescribed amount of
norbornene was added, and copolymerization was conducted
for 6 min with raising the polymerization temperature to 25
°C.18 The results are summarized in Table 2. The PP obtained
in the first step had th&/, value of 108 000 with MWD of

copolymerzation of propylene and norbornene with high activity 1.36 and showed the melting point at 13&. After the
and was effective for the synthesis of novel block copolymers copolymerization, the yields were increased accompanied by
the increase oM, values (208 006226 000) and the decrease
of MWD values (1.2+1.32) regardless of the amount of
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Table 2. Sythesis of Polypropylenés-poly(propylene+an-norbornene) with 2-dMMAO 2

A

2
2\ — — W
(1.0 atm) toluene, -20°C 25°C

dMMAO

entry N (g9) time (min) yield (g) Mn P (x10% Muw/M, © Tm¢(°C) Tg¢(°C)
prepolymet 0 0 0.48 10.8 1.36 135

5 2.77 6 0.92 20.8 1.21 135 311
6 2.07 6 1.12 22.4 1.30 133 231
7 1.38 6 1.09 22.6 1.32 133 93

aConditions: toluene= 30 mL, Ti = 10 umol, Al = 2.0 mmol, propylene= 1.0 atm.? Determined by GPC using polystyrene standaf@etermined
by DSC.d Temperature= —20 °C, propylene= 1.0 atm, time= 5 min.
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< - Figure 2. 13C NMR spectra of propylenrenorbornene copolymer (a,
4L entry 4) and PR-poly(propyleneran-norbornene) (b, entry 5) obtained
with 2-dMMAO.
s> L 415 &
o o 1= - _
L * 4 4+ 10 s These results also testified the formation of the expected block
N copolymers, i.e.sPPb-poly(propyleneran-norbornene)s.
0 01 02 03 04 05 06 In summary, the tfBuNSiMey(3,64-BusFlu)]TiMe, (2)-

dMMAO catalytic system was found to be effective for the
living random copolymerization of propylene and norbornene
as well as for the syndiospecific living polymerization of
propylene. ThesPPbh-poly(propyleneran-norbornene) synthe-
sized with2-dMMAO showed the melting point o$PP and

the glass-transition temperature of the random copolymer
sequence, which were controllable according to the polymeri-
zation temperature and comonomer composition, respectively.

Yield (g)

Figure 1. GPC curves of propylerenorbornene copolymers (a) and
plots of M, and M,/M, values against yield (b) obtained with
2-dMMAO.

The 13C NMR spectrum of the block copolymer (entry 5,
Table 2) is shown in Figure 2b, where the resonances of the
random sequences of propylene and norbornene were observed
together with those ofPP sequences.

The block copolymers showed both the melting point (233
135°C) andTy that correspond to the crystallisBP sequence
and amorphous poly(propyleman-norbornene) sequence, re-
spectively. TheTy values were controlled by the amount of
norbornene added (93811 °C), which is in good agreement
with that obtained with the nonsubstituted original complex
where theTy values of copolymers can be controlled widely
(53—249°C) by changing the propylene/norbornene feed Pétio.
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