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Synthesis and Properties of Sulfurlcontaining Cyclic Polyolefine

Takashi OKADA
Toshihide YAMAMOTO
Takahiro KITAGAWA
Hiroshi YAMAKAWA

In the plastic optical lens industry, thermoplastic resins that possess both high refractive index and high

Abbe’s number have been actively sought. In an attempt to improve the tradel off relationship between these two

characteristics, two novel sulfur-containing cyclic polyolefins, Compound 13a (sulfur content 21 wt(J) and

Compound 14a (sulfur content 32 wt(J ) were synthesized through the ringlopening metathesis polymerization

and hydrogenation of sulfurl containing norbornene compounds. Compound 13a gave a high refractive index of

1.583 with an Abbe’s number as favorable as 49, and showed a high glassltransition temperature and a low

waterlabsorption rate, attributable to its cyclic polyolefin structure. However, Compound 14a gave a refractive

index as high as 1.626, but showed poorer thermal resistance than Compound 13a because of the higher carbonl

sulfur bond content.
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Table O Ring opening metathesis polymerization(] ROMPU of sulfurl containinng norbornene

derivatives[] 1alTT] 1b[] using Ru catalysis

gooooobooooo

RUN M* cCat. 0O RuO OMO OCTAMO MO Temp.  Time  Yield Mn°® MwiMn
OmmollLO O mmoliLO O molImold ooo Ohr0 OO0 x 10
1 la a 4 100 0 r.t. 72 0 ad [}
2 la b 2 50 0 r.t 48 0 O [}
3 la c 0.5 500 0 r.t. 4 99 non soluble
4 la c 0.5 500 11500 r.t 4 99 non soluble
5 la c 0.5 500 10100 rt. 4 97 1.9 3.7
6 la c 0.5 500 1020 r.t. 4 92 0.5 19
7 la c 0.05 500 10100 r.t. 30 70 2.0 25
8 la c 0.05 500 10100 60 4 87 2.2 2.5
9 1b c 0.5 500 10100 r.t 24 12 0.5 2.0
10 1b c 0.5 500 11100 60 5 30 0.5 1.8

aM0O monomer, °CTAD Charge transfer agent Phenyl1Vinyl sulfid(]
‘Mn Determined by GPC relative to polystyrene standards.

ok A s

9.0636

6 5
S O ppmO

Fig.O O *HINMR spectrum of sulfurlcontaining polymerd 11al]
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Tablel [0 Result of elemental analysis of polymer
Ollad0 1220 000 O0O00O0O
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m hydrogenation
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Table[ O Hydrogenation of(J 11alJ and(J 12al] using Pd or Ru catalysts

Run Cat. solvent Hypress.  Temp. Time  Conv.?
0 MPall ooo Ohrg 0OO0OO
1 50 RulC olDCB 1 220 4 0
2 30 PdCSIO, olDCB 1 220 4 0
3 Ru catld cO olDCB 1 150 4 0
4 RuHCD COO PPH;} olDCB 1 150 4 0

2Conv.[d Determined by *HINMR.

Table[ O Hydrogenation ofJ 11al][] 12al] using plTolunenesulfonylhydrazide

Run  polymer  solvent?® conc. PTSHP DMCA® Temp. Time  Conv.¢

OwtDO OeqD OmmollLD O0OO OhO OO0
1 [0 11a0 olDCB 15 5 5 110 4 96
2 [0 11a0 olDCB 15 10 10 110 4 92
3 0 11a0d olDCB 15 5 5 140 4 88
4 0 11a00 olDCB 3 5 5 110 4 78
5 0 12b0 TCE 0.8 12 12 110 4 49
6 0 12b0 TCE 0.8 18 18 110 4 56
7 0 12b0 TCE 0.5 18 18 110 6 59
8 0 12b0 TCE 1 18 4 110 6 78

200 DCBUO ortholdichrolobrnzene, TCEO 1,1,20trichloroethane
PPTSHO pl Toluenesulfonylhydrazide, “DMACO N, NIdimethyllcyclohexylamine

dConv.0 Determined by *HINMR.
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Table( (I Result of elemental analysis of hydrogenated
polymer(d 13a1T] 14al0 OO OO

polymer C H S
OwtOD0O OwtD0O OwtD O
0 13al Calculation 70.0 9.1 20.8
Experiment 70.2 9.1 21.0
0 14a0 Calculation 60.0 8.0 32.0
Experiment 59.6 7.8 32.6

goo0oseo0gobooooooogooboonbogo
gboboooooooooboooboobobobobo
goboogoo4bpgcopdoonoononoonoon
gbooooboboobboooboobbooobooobog
gboooboobooisssgpCcOOdnoonDon
goooobbobooog4ogcopPbbbooogn
oobobooopCcO0IDODODOOOODOODOOO

D400 0000000001270 0000D0OD
gooobobooobooozso00ooobooonDoOoo
gopoboooocosooboboboooobboooo
goboobbooboobboobooboobo
gopcosobopoooobobbooobobbooon
ooooboooobobile260 0000410 PCO
goobooobooboboobooobooobooopPeona
ooob0oooooooooobobobobosed
gobooboogoo

1.E0005

q
LEDO04 2o

1.EO03 * 5

n O Pad sO
[ )

1.E0002

1EOO01

1.E0 00
1LEDOO1 1.E0002 1.EO03

w O radlsecO

1.EO 04

Fig.O0 O Angular velosity dependence of fusion viscosity

Fig.0OM1Ba0 018000 00000wOOOO
oobooooboo0ooo0omEoooooooon
oobooocbooooOooobobooobooooboooo
obobooOoobooooobOOofOdCoxti MerzO
gobooooooooooboocoobboooobooooo
000010°0000001000Pa0s0 00 00OODO
ooooocooooono

400 0O 0O

gboooooooooboobobobobooog
gboboboboboooooooboboboobo
gogbooobooboooobooboboooboon
goboogobooboooboboobos3z2nbogn
U040 0000 o0o00oodoooooooon
goboobobOb200000001Ba0b00ooooo
gogboooboobooobboobooboboon
gogbooobooboobbooboobboon
gogbogoboobooobooboobboon
gobooobooboobboon

500000

oobooobooobooooboobzoeozDooOooOO
10 20020

gozoorooooOooooOoooooOoboooooonoo
od

00000 MATERIAL STAGED 8 811 2300 20050

00000000 02004.90 038020040

oooOoooooooooDbezoo050d7hO0OO49
0 20050

Uoodoooooooooooonob4zZyonn 482
00 20040

000 0O ONIKKEI ELECTRONICSO 2004.9.130 O 79
[0 200401

Table O The properties of sulfurlcontaining polyolefinell 13al] andJ 14al]

013a0 0O 14a0 pct 18 pMMAL 12 CcOp3-
Glass transition temperature Tg ooo 124 127 147 107 138
10 Weghit loss temperature ooo 360 280 O O O
Refractiv indices np gogd 1.583 1.626 1.586 1.492 1.525
Abbe numder Vp ooo 49 41 31 57 56
Transmittance god 89 86 90 93 92
Stress optical coeff. for glassy resime Cg 0 x 10°%2Pa” 10 17 16 75 06 7
A coeff. of linear expansion 0 x 1095cmicmi0 O 7 no data 6 7 7
Water absorption ooo 0.04 no data 0.2 0.3 0o0.01
Density Oglced 1.16 no data 12 1.19 1.01
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