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Abstract -

The new dinuclear CGC (constrained geometry complexes) with indenyl and methyl sub—

stituted indenyl and polymethylene bridge have been synthesized, and the copolymerization of ethylene
and styrene has been studied in the presence of methylalumionoxane. The activity of 12—methylene and
9—methylene bridged dinuclear CGC were 4 times higher than that of 6—methylene bridged dinuclear
CGC. This result might be understood by the implication that the steric effect rather than the electronic
effect may play a major role to direct the polymerization behavior of the dinuclear CGC. The dinuclear
CGCs are very efficient to incorporate styrene in backbone. The styrene contents in the formed co—
polymers ranged from 6 to 45 mol% according to the polymerization conditions. The melting tem—
perature of copolymers disappeared at high content of styrene (about 11 moi%). There is no styrene—
styrene diblock sequence in copolymers. This result indicates that the dinuclear CGC are very effective
to generate random copolymer of ethylene and styrene.

Keywords :
bridge.

ethylene/styrene copolymerization, dinuclear CGC, methylaluminoxane, polymethylene

A

I

HEZ 4 Z)E o) 235 g—olefin £ 7)&L Zujo] 722 2
Ao gH 1Rxte] €L 248 ¢ 9= tailor made polymer
synthesis7} 7Fs3lhs o Q3] e A7) R8sz 9} ~6

tTo whom correspondence should be addressed. E —mail: leedh@knu.ackr

432

O AN e s ki
o3 TREOI 5 e oleld T2 WEADo 2R A
o B, YA B2 Actl] BHTe neAel TE 2
B2 &k 2 RS s, A8)
59| $R2 Wshe] ufh ek Hele) Felo) 94 2 A4

AL BA 2Ao) slssiehtE



Miilhaupt7F {42 2 phenylene thel2& 02 = dinuclear
bent—zirconocene2 g dy T2 232 AP} =
=4 = bridge® 91AE F ANEFRF 24 FE A AT
gl o3t electron—withdrawing 2T gl © 2 =
et Zejsegale] EA% ket vehbs 2 i) g}
P ER HLE F 25 Uﬂ%i’ﬂ Fujo] gg7lo] s g3t}
= Aot}

RoSI(CsR?y) REN)MX, M=Ti, Zr, Hf ; X=Cl, Me, R, R’,
Rr=alkyl) 2% B constrained geometry catalyst(CGC) =
A, o—&8d, 2EA T5F o] 7lssith= A3y} wuEd
A oefet 729 CGC 4 28 B4, 724 AuaAdE
T ASH A77} A 3 kS

CGCZ F@/hss APA/2Ed F5 T4 (ethylene/sty—
rene interpolymer, ESD+ A7}e] SIS 243 |28 T
A=A, BE Foldde] Zhu Q= AniE ARAEA, Ut
T, AR, e 5ol R :“‘EV\EHL«] A+
54, 954, 718 55 WA ERSA 35 Uy og
@J’\aﬁlﬂ vlEg 2dstel A7 A8 548 X9 At

S FHE 7 ol A H dAYojE EuiaElg) otk o]y
o EAS 88 24 Y AE AolE, A28 At
HE, At §AA|, TRl SoRME ST BhlE 1 F
ofl Slox BF AaAle] 1R7PEA 9 dolg wdsleet ok

A ESIel s 7= Y22 Sumitomo, Mitsui Toatuy,
Idemitsu 58] 370A7} ol gkxb2 7hsta ik

2 AFNAE 71E9 CGC &4l tetramethylcyclopen—
tadiene”] ti4loll l@l(indene) 7] ¢} ™= eI (methylindene)
718 A8 CGCAl Zwllol] 671, 970, 12712) vldd A=z
AZBAT 7% dinuclear CGCA FWE A Z3Sich o)A
AzT v 9 CGC il F= w2 methylalumonoxane
(MAO) & Al&ato] oddlst B 3538 FFST) of o
ez o7z, $320 9 FERAY sxo g TF
dA S FolgAdw A 9 FaA g9 WslE nds)
po=g

I:I

AN ZE AL g4 #4947 slellA FaElon, Schienk
line¥ Golve Box(CA model HE—493) oA w#3jod AL}
1’/} sl tetrahydrofman(TPF) told ofgE, Ak EFq

2 UEFMEAR=S o]g3lo] te SH3I] Ao 16—
dibromohexane, 1,9—dibromononane, 1,12-dibromodode—
cane, dichlorodimethylsilane (Aldrich Co. USA : SiMeoClo) =
PiOsE ARS8 AAS # 2k SR/5ke] ARgsisin) el

It B2l wigle-(Duksan Chem. Co., 99%) 2 BT 9] AAFHA
o] TR A3,

Indene (TCI Tokyo Kasei JAP) 3} 2—methylindene (Aldrich
Co. USA) & LIAIH,Z AME-8lo] 822 AlAS 5 v 25310
ARG o tert—butyl amine (Sigma Co. USA) & F=2kgh}
EFS o8l SRt ARSI Titanium (0D chloride

g AEY TEY A7 AR ol 4 433

tetrahydrofuran complex(1:3) (TiClz(THF) ) & 3Hdsied Alg
&Itk n~BuLi(2.5 M solution in hexane, Aldrich Co. USA)
= EEe GAIgle] AMgsich

FTZ|2 modified methylaluminoxane MMAO; Type 4,
Akzo, AI=7.8 wt%) < EF<0S 112 53 AMsich d
AN A (% 99.5%) 2 tEhFalard (5 oM QJslo] 2
AAE A3 P05} CaSO,E A AHE FHAA ARSIAT
THEFAE 20 A8 # (Junsei Chem. Co., 99.5%) & A8}
Ef T8ACE A¥sa P4t siadlgos A da
F97] &kl CaHy &4 3ol 124)7F B4 A2 & 72
FHRole] ARG,

Z0f Mz A9 9 HEHE 2RTR JRE 5 2 CGCR)
(CHz) gbis [ (Me2Si(Ind) (V- tert—butyD) TiCl) 1 (DCG 6),
(CHy) gbis [ (Me2Si(Ind) (N-tert—butyl) TiCle) ] (DCG 9),

" (CHy) 12bis | (MesSi(Ind) (N—tert—butyD) TiCly)] (DCG 12),

(CHy) gbis [ (Me2Si (Melnd) (M- tert—butyl) TiCly) ] (DCGM 6),
(CHz) gbis [ (MezSi(Melnd) (N~ tert—butyD) TiClp) ] (DCGM 9)
3 (CHp) 12bis{ MeoSiMelnd) (N=tert—buiyD TiCl) ] (DCGM
12)E AugP! Fd& woe Ao Zu) T2
Scheme 1] YERJITE

3 L 400 mlL |eluke s F%é}c’% 987 Wig-e] 4
3 715 AA] 8] At Az Aae] FHEE 3
3| HESIQict BES719) S SR F%OPoﬁ Y7gstAl f-x
sigict oflgdl 29718kl £ 100 rnLJ o] HEE B2,
2 deel Q) MMAO I8ar Eve) o 4 o
S Tl FEE T A AlRle] Ad F digke
4 @ TEAE Qo] FE FEA F 0.2 N HC-vg

(CHz):
g e
i
A4

niE

3
osi T i,
H4C \N cl \ /
n=6 :DCG6
n=9 :DCG?Y
n=12:DCG 12
(CHZ n
CH;
HsC
\ Cl CI; /
\ \I ot \ /
n=6 :DCGM6
n=9 :DCGM 9
n=12 : DCGM 12

Scheme 1. Structure of dinuclear CGCs.
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Figure 1. Effect of styrene feed mole ratiq on catalytic activity
of E/S copolymerization([Ti] =2.0% 1075 mol/L, [All/[Ti]=
2000, 2h, 1 atm, 40 T).
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Figure 2. Effect of styrene feed mole ratio on catalytic activity
of E/S copolymerization([Ti]=2.0x107° mol/L, [All/[Ti]l=
2000, 2 h, 1 atm, 70 C).
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Table 1. Styrene Contents and Thermal Properties of Ethylene/
Styrene Copolymers Obtained with Various Catalysts at 40 C

thgjdgte) zolz} 71 DCGY9, DCGMS, DCG12 2 DCGM129]
745 2EE geke] 25 mol% ol =4 vEkteH, 2o 44.8
mol%7H] F7Fekirt.

o|g} 2 A= Fufl T3 7|0k Ao AR Hojrt
691 Frlle A=} 7)o ZrkE GAF ol a3t o AA e
S 7] gielgt ddEd, veldste] dojrt 99 1291 SuiE
S A Wl aaE 7AAE Sl AVIE &t ZA FE
sto] A gHEpo] A vERstTh

[Styrenel/[Ethylene] =5.0 ool E the]dEe] 2ol 9
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Table 2. Styrene Contents and Thermal Properties of Ethylene/
Styrene Copolymers Obtained with Various Catalysts at 70 C

Catalyst  [S]/[E] S(ggf;f 7,(C) T (C) Catalyst  [S]/[E] S(g;f;f 7,(C) 70 ()
0.0 - n.d. 130.3 0.0 - n.d. 132.9
1.0 5.1 n.d. 101.2 1.0 5.4 n.d. 101.6
CGC 2.0 8.5 n.d. 85.6 CGC 2.0 7.4 n.d. 86.1
5.0 22.3 —-13.1 n.d. 5.0 20.2 -17.1 n.d.
10.0 31.8 -7.2 n.d. 10.0 29.7 -8.0 n.d.
0.0 - n.d. 135.8 0.0 - n.d. 126.3
1.0 6.3 n.d. 95.7 1.0 5.8 n.d. 99.4
DCG6 2.0 79 n.d. 82.5 DCG6 2.0 7.5 n.d. 76.8
5.0 12.8 -12.2 n.d. 5.0 11.5 -14.0 n.d.
10.0 19.8 -7.1 n.d. 10.0 19.2 -9.2 n.d.
0.0 - n.d. 130.1 0.0 - n.d. 128.2
1.0 6.4 n.d. 86.2 1.0 8.4 n.d. 91.3
DCGY 2.0 11.8 n.d. 66.3 DCG9Y 2.0 11.3 n.d. 65.9
5.0 27.1 -21.2 n.d. 5.0 27.0 —-18.5 n.d.
10.0 39.2 —-8.2 n.d. 10.0 38.8 —-8.2 n.d.
0.0 - n.d. 132.9 0.0 - n.d. 130.4
1.0 6.9 n.d. 103.2 1.0 6.4 n.d. 108.0
DCG12 2.0 12.1 n.d. 79.8 DCG12 2.0 11.8 n.d. 79.7
5.0 28.5 -18.3 n.d. 5.0 28.1 -19.5 n.d.
10.0 41.3 -7.8 n.d. 10.0 40.9 —-8.6 n.d.
0.0 - n.d. 132.3 0.0 - n.d. 129.7
1.0 6.7 n.d. 93.7 1.0 6.8 n.d. 96.8
DCGM6 2.0 7.5 n.d. 74.6 DCGM6 2.0 7.9 n.d. s
5.0 13.1 —-18.9 n.d. 5.0 13.4 —-18.5 n.d.
10.0 20.8 -8.2 n.d. 10.0 21.6 -10.7 n.d.
0.0 - n.d. 132.4 0.0 - n.d. 129.0
1.0 6.2 n.d. 107.6 1.0 7.2 n.d. 99.9
DCGM9 2.0 11.7 n.d. 91.1 DCGM9 2.0 11.9 n.d. 75.9
5.0 30.8 -12.6 n.d. 5.0 28.2 -15.6 n.d.
10.0 40.5 -5.5 n.d. 10.0 41.4 -8.7 n.d.
0.0 - n.d. 130.4 0.0 - n.d. 130.7
1.0 7.8 n.d. 95.8 1.0 6.8 n.d. 111.3
DCGM12 2.0 13.6 n.d. 73.2 DCGM12 2.0 13.2 n.d. 89.9
5.0 31.2 —-15.2 n.d. 5.0 30.5 -19.4 n.d.
10.0 42.5 -6.3 n.d. 10.0 448 -8.0 n.d.

Polymerization conditions @ [Til =2.0X 10 °moVl/L, [All/[Til=2000, 2 h,
1 atm.

Polymerization conditions : [Ti]=2.0 X 107 mol/L, [All/[Til=2000, 2 h,

1 atm.
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Figure 3. BC~NMR spectrum of poly (ethylene—co—styrene)
(methylene and methane region).
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