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Synthesis and Properties of Star Polymers with Norbornene/a-olefins Gradient
Copolymer Arms Using ansa-Fluorenylamidodimethyltitanium-PhsCB(CsFs)a

Catalyst System

(Hiroshima University) (OHaobo Yuan, Ryo Tanaka, Yuushou Nakayama,

1. Introduction

We have achieved the rapid pseudo-living
copolymerizations of norbornene (NB) and a-olefins
by using ansa-fluorenylamidodimethyltitanium (1)
activated by PhsCB(CeFs)a with 2,6-bis(1,1-
dimethylethyl)-4-methylphenol (BHT)-treated tri-n-
octylaluminium (OctzAl/BHT) as a scavenger!. The
strains at break of the obtained copolymers were
improved by changing a-olefins and NB contents.
We also conducted norbornadiene (NBD)
polymerization by the same catalyst system and
obtained soluble polymers in high conversions over
80 %. The GPC curves of the obtained PNBD
showed a shoulder in the high molecular-weight
region, indicating the polymerization of the
incorporated NBD units.

In this report, taking the advantage of the rapid
pseudo-living nature  of  1-PhsCB(CsFs)a/
OctzAl/BHT, star polymers with NB/O gradient
copolymer arms were synthesized by an “arm-first
strategy”, that is, the addition of NBD and ethylene
(E) or dodecadiene (DoD) after the NB/O
copolymerization had reached a full conversion.

2. Experimental

All operations were performed using the same
techniques reported before. OctsAl was mixed with
two equivalents of BHT to make Oct;Al/BHT

——NB/O
NBD-(NB/O),
—— OD-(NB/O),

16 20 24 28 32
Retention time (min)

Fig. 1 GPC curves of NB/O prepolymer and polymers
obtained by adding NBD or OD after NB/O

copolymerization.

Takeshi Shiono

toluene solution. The polymer films were made
using a melt-pressing procedure at 210 °C.
3. Results and Discussion

When NBD or 1,7-octadiene (OD) was added
after NB/O copolymerization, the GPC curves of the
obtained copolymers almost unchanged, indicating
that no star polymer was formed. (Fig.1) However,
when NBD was added with E, polymers with
molecular weights 5-6 times that of the prepolymer
were obtained, which indicated the formation of star
polymers. When DoD was added instead of NBD/E,
the molecular weight of the star polymer further
increased to 13-16 times of that of the prepolymer,
indicating the number of the arms could be
controlled by the kind of the monomer added after
the NB/O copolymerization. However, the peaks
corresponding to the prepolymer were still remaind
in the GPC curves in both cases although their
intensities were smaller than those of the star
polymers. (Fig. 2)

The thermal and mechanical properties of the
star polymers will be discussed in the presentation.

(1)Yuan, H; Kita, T.; Kim, H.: Tanaka, R.; Cai, Z,;
Nakayama, Y.; Shiono, T., Macromolecules 2020,
53, 4323-4329.

——NBO
—— (NBD/E)-(NB/O),
—— DoD-(NB/O),

16 20 24 28 32
Retention time (min)
Fig.2 GPC curves of NB/O prepolymer and polymers
obtained by adding NBD/E or DoD after NB/O
copolymerization.
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Scheme 2. Copolymerization of NB and PBMM
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LogM
Figure 1. GPC curve of copolymer and PBMM

<BEIE>
1) T. Shiono et al., Macromolecules 2008, 41, 8292
2)  HMHK fth, 2019, 68, 1Pc005
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Table 1. Synthesis of PE1-PE4, HPE1-HPE4.“

monomer cat. PE (ADMET)  HPE (after H2)"
(mmol) M MMy M MM
MEL (0.71) HG2 12800 1.41 13800 145
MEI (2.36) HG2 16400 1.51 16600  1.48
ME2 (0.65) HG2 14000 1.42 15900 1.44
ME2 (0.65) G2 11900  1.38 13100 1.28
ME2 (2.08) HG2 13700 1.48 15800  1.53
ME3 (0.65) HG2 10200 1.38 11100  1.39
ME3 (2.08) HG2 10900 1.46 11000  1.53

ME4 (2.09) HG2 8600  1.48 9200  1.51

“Conditions: Ru cat. 2.0 mol%, monomer 300 or 1000 mg
in CHCl; 0.14 mL or 0.34 mL, 50 °C. polymerization 24
h, and hydrogenation (1.0 MPa) 3 h after addition of
ALOs. ’GPC data in THF vs polystyrene standards.
¢After hydrogenation.
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