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Development of Thermoplastic Elastomers with High Mechanical Properties
by Rare-Earth Metal Catalysts
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As an isomer of isoprene (IP), piperylene (PL) is a potentially useful 1,3-conjugated diene.
However, in contrast to P, studies on the polymerization of PL have been limited because of its
lower reactivity. In this study, we examined the potential of the half-sandwich rare-earth metal
alkyl catalysts for the (co)polymerization of 1,3-conjugated dienes (PL, IP). We report here that
the precision (co)polymerization of 1,3-conjugated dienes by a half-sandwich yttrium catalyst.
Moreover, the resulting polymers showed good elastic properties without vulcanization.

The polymerization of PL was examined by use of the cyclopentadienyl derivative ligated yttrium
alkyl complex (1) activated with 1 equivalent of borate compound at 25 °C. When the PL/catalyst
ratio was raised, the molecular weight (M,) of the resulting polymers increased linearly, while the
molecular weight distribution (M,/M,) remained almost constant (M, = 70,000-200,000, Mw/M, =
1.5) with the high iso- (mm > 80%) and trans-1,4-selectivity (1,4-trans > 95%). These results
indicated that the polymerization could proceed in a precision manner. The present catalyst system
was also active for the block copolymerization and the stereo-block polymerization of
1,3-conjugated dienes. The resulting ITPPL-based polymers showed healing properties without
any external intervention and good elasticity (elongation at break > 2600% with strain recovery
value of > 60%) without vulcanization probably due to the formation of network structures via
physical cross-links.
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HEHSBEMEIZLZERY LY (PL) DAY AT FuY (iso)-trans-1,4- BRI EE DR
LEE DR, FELMEZTORENABETH . BAEEE, N—TH 2 Ay FH
FETEMERE A PL O iso-trans-1,4-RIRMWU EV YT (BE) EERZUHTREHL
7= (Bull. Chem. Soc. Jpn., 2021, 94,1285). Lo L, &b CEWIARINHWES TERT
35 iso-trans-1,4-81) PL (ITPPL) &R, BL U ITPPL 2 &8 L LB ERATE R
ISRAMT— (TPE) OABEBESIATVAL. &ZAT, —RAORYT—HPIZESR
HEE E/R—BIEFETDIATLLHIVETILF IOy AR T—E, BE—DE
. EJ)X—RAISEDIZRYUIT—EERA-— YT ERT. 2R, KEHAEO
4VTLy (IP) 2 1-FILy vEOBRESMIER TIE, cis-1,4-F#HE trans-1,4-EH A
TOVIMIZESLEATFLATOv I RYT—PESEEETLF IOV ORI —
(BEBEFEESOEE) A& S TS (Polym. Chem., 2016, 7, 1239, J. Am. Chem.
Soc., 2019, 141, 3249). L » L, ITPPL-<b>-(ITPPL-<ran>-APD) (<b>lE <block>DHE,
<ran>lf¥<random>ME&, APD: 7R 45 F v/ RUTIT V) #ELCATLATAYIRYT
— DA, ARTEAMERS LUK T —0OERYEEIREIhTLAL., 2T, X
HEOEMNTHIRIEKEOHNDOEBHREEIND SR TPEIOEMEENT S HITIE,
EREAERBLT, BYAESTITPPL & APD A9H T 2R TLATAy o Ry —
DAER-BETI2BRIANDELELRD. CAOOBBERET L, FRALEMEREZR
WTHRIEKEZEOHRNDGDIZHEES T VHE (PL &£ IP) OEAZHEMICT>-. TORKE,
ERRYT—DOEBEEOE LB L VEBEKEEETI2HREMETPEDERICHS L.
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