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New hydrogenated ring-opening metathesis polymers have been developed and commercialized. These
polymers are prepared by ring-opening metathesis polymerization of ester substituted tetracyclododecene
monomers followed by hydrogenation of main chain double bond. It was necessary to be hydrogenated as
completely as possible to obtain a thermally stable polymer. This polymer is heat-resistant transparent resin
with excellent optical properties, and is alternative to glass or other transparent polymers such as

polymethylmethacrylate and polycarbonate.
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Scheme 1

Table 1 ROMP of 1b by various Catalyst Systems®

—_—

1

a; R=H, X=CO,CHs

CHZ_CHZ} b; R:CH;;, X:COZCH3
¢; R=CH,, X=CO,C,Hs
d; R=CHj;, X=CO,-n-C,H,
e; R=CH,, X=C0,<_>
f; R=H, X=CN
g; R=CH,, X=CN

R X
3

ooboooboooooooooood

Monomer/W, Mo, Ru
Entry Catalyst

oobooobooooocobobooooa

Al, Sn/W, Mo  Yield

(mol/mol) (mol/mol) %) ooo0ooooooooooooa
1 WCIe/( CoHs)-AICI 5000 20 go ~Hubbbbobbouuoooooo
2 WOCIs/ ( C;Hs)AICI 5000 20 99 000000000o0O0o0oooo
3 MoCls/( CzHs)-AICI 5000 15 99
4 WCIe/( CH)iSn 5000 5 89 0000000010000000
5 RuCls 100 — 92 O00000000000o00oon

@ All polymerization was performed at 80°C for 3h.
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Fig. 1 Dependence of conversion on time in ring-opening
polymerization of 1b and 4b.
Conditions: WCl, /Et, AICI=1/20(mol/mol)
WCls /Monomer=1/5000(mol/mol)
Reaction temperature; 80°C
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Fig. 2 Molecular weight control of 1b and 4b by 1-hexene.
Conditions: WClg /Et, AICI=1/20(mol/mol)
WCl, /Monomer=1/5000(mol/mol)
Reaction temperature; 80°C
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Table 2 Glass Transition Temperatures of Ring-Opening (

Polymers 2 cH=cH} -OCH,
e
ctly "CO,CH,
~CH=CH-
R X T T T l' T T T T T T pPM
2 10 9 8 7 & 5 4 3 2 1
R X Tg (°C)
H CO,CH; 206 Chocr,}
CHs CO,CHg3 204
CHs CO,C,Hs 160
CHs CO2-n—-CsHqg 100 CHs "CO,CHs
CHs COzO 127
H CN >220
CHs CN >220 |
T T T T T T T T T T pPM
0.0 o000 10 9 8 71 6 5 4 3 2 1
Oooo0ooooo00ooooooooooooon Fig. 3 270MHz *H NMR spectrum of ring-opening polymer
N0000000000000000000000000 2b and hydrogentaed polymer 3.
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Table 3 Hydrogenation of 2b with Various Hydrogenation Catalysts

catalyst/g-polymer  Hydrogen pressure Hydrogenation degree

Catalysts Solvent (mol/g-polymer) (MPa) %)
RUuHCI(CO)(PPHs3)3 Xylene 9.9x 107 (100ppm)? 3.9 99.6
RuHCI(CO)(PPH3)3 Butyl acetate 9.9x 107 (100ppm)? 3.9 99.1
RuH2(CO)(PPH3);3 Xylene 9.9x 107 (100ppm)? 3.9 99.4
Ru(CO)3(PPH3)3 Xylene 9.9x 10~ (100ppm)? 3.9 42.8
RuH(OCOMe)(CO)(PPH3)3 Xylene 5.0x 107 (50ppm)? 3.9 99.8
RuCl,(PPH3)s3 Xylene 3.0x 107 (30ppm)? 3.9 67.2
RuHCI(CO)(PPH3)3 Xylene 9.9x 107 (100ppm)? 9.8 >99.9
RuHCI(CO)(PPH3)3 Xylene 2.9x 107 (20ppm)? 9.8 >99.9
Pd/Al,Os THF 20wt% 4.9 >99.9

@ Ruthenium metal concentration in the polymer.
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Table 4 Hydrogenation Results of Ring-Opening Polymers?

Tg Hydrogenation degree 5% weight loss temperature
Q®) (%) Q)
Ring-opening polymer 2b 204 — 378
Hydrogenated polymer 3b 171 >99.9 446
Ring-opening polymer 2c 160 — 358
Hydrogenated polymer 3c 130 99.6 410

@ Hydrogenation was performed by palladium/alumina catalyst.
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Fig. 4 TG curves of ring-opening polymer 2b(A) and
hydrogenated polymer 3b(B) at a heating rate of
10°C/min in nitrogen.
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Fig. 5 Plot of 5% weight loss temperature of 3b versus
hydrogenation degree.
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Fig. 6 The production process of hydrogenated ring-opening
polymer.
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Table 5 Properties of hydrogenated ring-opening polymer 3b
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Properties Unit Method 3b Polycarbonate PMMA

Mechanical Properties

Tensile strength MPa ASTM D638 75 64 70

Tensile elongation % ASTM D638 15 120 10

Flexural strength MPa ASTM D790 125 100 110

I1zod impact strength J/M ASTM D256 20 120 10
Optional Properties

Refractive index — ASTM D542 151 1.58 1.49

Total light transmittance % ASTM D1003 93 91 93

Photoelastic coefficient MPa—t JSR Method 3x 108 80x 108 —6x 1078
Thermal Properties

Glass transition temperature °C DSC Method 171 150 100

Heat deflection temperature °C ASTM D648 162 140 89
Physical Property

Water absorption % ASTM D570 0.2 0.2 0.4

(water immersion at 23°C)
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