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2 % de7l #Hd E7dsid dEgzde masgEas A 71Xel polysiloxane bridged
ansa-metallocene¢l  tetramethyldisiloxanediylbis(cyclopentadienyl)zirconium  dichloride,
[TMDSCp,]ZrCl,9}  hexamethyltrisiloxanediylbis(cyclopentadienyl)zirconium  dichloride,
[HMTSCp,]ZrCl,, 28] [TMDSCp,]ZrCl,& Grignard Al¢fo.2 WE3A 7] tetramethyl-
disiloxanediylbis(cyclopentadienyl)zirconium dimethylate, [TMDSCp,]ZrMe,2& A8tz o]
g9 LA Fo| =AUt A disiloxane bridgeE 7}% [TMDSCp,]1ZrCl, S#FEL
47 OE oW Evjnc & A& HYor trisiloxane bridgeE 717 ZujE 44 UE
WA gkt o] AL disiloxane bridge® 713 83&9 7239 E4d 79 2HAA N8
4 At} [TMDSCp,]ZrCl,= ethyleneo]u} trimethylene bridgeE 71 #3ERt 4 2 Cl-
Zr-Cl 128 73 U ¥ ollel 84dde] gelxdl 728 711 glonz dakxe] gl
AAle A HQ Wt 28 Aoz olsf e}, EE disiloxane bridgeE 712 vg=zae =3
2o wet #xlEko] w9 ¥1sA Wale 548 Bt

ABSTRACT: Three polysiloxane bridged ansa-metallocenes, tetramethyldisiloxanediylbis
(cyclopentadienyl)zirconium  dichloride, [TMDSCp,1ZrCl,, hexamethyltrisiloxanediylbis
(cyclopentadienyl)zirconium dichloride, [HMTSCp,1ZrCl,, and tetramethyldisiloxanediylbis
(cyclopentadienyl)zirconium dimethylate, [ TMDSCp,1ZrMe,, have been prepared and their
polymerization studies have been pursued as a model compound for the heterogenized
metallocene onto silica surface. Polymerization results show that [ TMDSCp,]ZrCl, having
disiloxane (Si-O-Si) linkage between two Cp has unexpectedly high activity for ethylene
polymerization while [HMTSCp,]1ZrCl, having trisiloxane (Si-O-Si-O-Si) linkage between
two Cp does not polymerize ethylene at all. The above results can be rationalized by structur-
al characteristics of [ TMDSCp,1ZrCl,. It turns out that [ TMDSCp,1ZrCl, has an wide active

site around metal center due to the big angle of Cl-Zr-Cl, which consequently does not exert
much steric disturbance during monomer coordination and insertion. Another feature to be
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noted is that molecular weight of the polyethylene from disiloaxne bridged metallocene is ex-
tremely sensitive to the change of polymerization temperature.

Keywords: heterogenation, polysiloxane bridge, metallocene, disiloxane, trisiloxane.
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Polysiloxane bridged
ansa-metallocene

Heterogenized
metallocene at silica

Scheme 1

< TN F AMEEHIAT 9] F THF, diethyl
ether, EF9l, &4}, #&re sodium/benzophenone
FoAlA ZF3ld A2 methylene dichlo-
ride= CaH, ZA Z&3ld ALgsi9ch. NMRE
Bruker ARX-300 FT-NMR spectrometer, IR&
Jasco FT/IR 5300, AzE4e. Finnigan MAT
95Q spectrometer& o] gl on YAEML 313}
AEFTHATLA st BASAGY

[TMDSCp,]ZrChe| M, [TMDSCp,INa,e] THF
2 EFA &g ZrCl, & -78 CAM HAM3 A
7V & A2 SEE 28 F o s1dale] 60
TAA 124 A= ¥hgAIZIT olm) §9o] Mo
e FaHoz ¥t vk F SAE sl
Sl & et selA AAsE A =FAe] 1A s}
dolXch o]AL Fow T ¥ Hx Momw 3y
a2# 9] [TMDSCp,]ZrClLE 65%9 $&=2 A=t}
U0E £59 SFES dodd E2A/34 FoA
AAAs ok sl ABAH3A B A% F3ld 23
Ao 2417} ¢igich. 'H NMR (300 MHz, CDCl;,
25 ) 6 6.85 (t, 2.4 Hz, 4H), 6.54 (t, 2.4 Hz, 4H),
0.36 (s, 12H).

[HMTSCp,]ZrCl2| g, [HMTSCp,Na,& THF
50mLd] =91 F -78 CE& #XshdA 13ak
ZrCl(THF),& THFd| %<2 £9& NM3 F71%
ol §9¢] 258 60 CE Leln 1247 A= 7}

hE A SlA gl ge 98 =
£ 92 50mLE F W AE AoW Az

#F2io A213 A3z 19974 59

BEE 50%9 82 fEth 'H NMR (300 Mz,
CDCl,, 25 C, 6 6.68 (t, 2.4 Hz, 4H), 6.59 (t, 2.4 Hz,
4H), 0.32 (s, 12H), 0.11 (s, 6H).

[TMDSCp,]1ZrMe,2| #tA. Diethyl ether 50 mL
o [TMDSCp,JZrClLE& S¥AZ7 F 1339
MeMgCl (3mol THF £9%)E& -78 CollA 713
th FAt 3 247 Ax weAF o &S AA
3l hexane& 715l Ho3le] MgClLE #2jd &
kg A 2 =M YAHEE 61%2 o
£t} 'H NMR (300 MHz, CDCl;, 25 C), & 6.46
(t, 2.4 Hz, 4H), 6.23 (t, 2.4 Hz, 4H), 0.25 (s, 12H),
-0.4 (s, 6H). 1*C NMR § 117.5, 117.1, 112.9, 30.3,
0.9.

Z 8. Modified methylaluminoxane (MMAO,
SFuE ¥ 6.4%)= Akzo Chemical Co.ofA
TAstA ARSI on, 3L EFAE g A}
L340 S 59, MAQ, Jd€d, &) £o
2 FYste] AASKAT. d3 Alztel Ad F 4
2] HCle] &#3t MeOHE Yol nEAE HAHAAH
e FEAYY s ANE 2B ) E
AR Fule] HAIE4 molw)e} E3ATME e
#oz Axsidh. g48 nRals DSCE ol &3t
o 20 C/minZ 7}gd3le] 305 CollA 3E7t YA
B8FAI7 F 20 C/min2 Y& T, 2 T8
SRt 348 &l BAg (M, M)
135 ‘ClA 1,2,4-trichlorobenzene g &1l 22 A}2-3}
o GPC= &3R5l 1, columne Shodex AT-80
M/S (10% 103 10% 105 10% 107 A pore size)=
ARS-EHH T}
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Disiloxane % Trisiloxane-bridged ansa-Metal-
loceneo| &hd. Azl #Hd 2AFE  ansa-
metallocene®] RHSIFEZAM B AT g
e F A9 Cprt (Si-0-Shm az2™
(TMDSCp,)ZrClyot o] ' sl3t (TMDSCp,)
ZrMe, "]l % 749 Cprt (Si-0-Si-0-SD) =2 &
Z¥e (HMTSCp,)ZrCl,otH(Scheme 2 #:%). o]
(TMDSCp,)ZrCl,= 1991'd Wangdl] o8] Hx=
FAHm® 19959 Royod ol&] X-ray 727} s
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Her,? e siE (TMDSCp,)ZrMe, 2} (HMTSCp,)
ZrClyes 2 a78d4 AL A=A 53
(HMTSCp,) ZrCly= & A7-ddA #4g0] Bag 3
% Fischerd] oEINE A=Y oS 3ge
Scheme 29 & vRe} 2o] Z} E|t=9] disodium
Folv} dithaliumg-& ZrCl,(THF),2} THF ZolA
60 C B=ZE 71431 oF 65%°] &2 P
= 33EL 2% 'H NMRz 44 gdE=y
(TMDSCp,)ZrCly= Cpoll 23 8709 47} 2%
9] pseudotriplet ¢ & 6.85 ppm3} 6.54 ppmdlA
eltal 0.36 ppmdllA] 1271¢] Si-CHy 4747} singlet
o2 Jepdrt. v (HMTSCp,)ZrCl,= 2789 Cp
F427F 99 1H& o pseudotriplete® 6.5~
6.7 ppm Alo]olAl, Si-CHy= 0.33% 0.1 ppmdllA] 2
7}¢] singleto @ FEgth

(TMDSCp,)ZrCl,2| oglst gtg. wEzhited
Scheme 3¢ Sl wke} 2] (TMDSCp,y)ZrClLE 2
Zake]  MeMgClal  ether oA wle-A)7]H,
(TMDSCp,)ZrMe, &  61% $&= o
(TMDSCp,)ZrMe,2] A/43-2 'H NMRz} *C NMR
Z #93 gt 'H NMRe| 34 Cpe 4
7} 6.46 ppm¥ 6.23 ppmol|A] o8] pseudotriplet
o 2 Yeh} (TMDSCp,)ZrCl,¢] CpEt} high field
2 03ppm A& o|E3dg o, Si-CH,9 Fi=
0.25 ppmofl A Yelytth -0.4 ppmollA] BZEE o
28 singlet2 WE3lz s B9 Zr-CHjolth
13C NMRe] #ALd % 3709 Cp ring §ad 7)<
B sty olFo] § 117.5, 117.13} 112.9 ppmeal A
2gon 2989 =2 Hol 71 high fieldd)
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§ AEA w3t BT wheAE RARBH] 4
& E&(TMDSCp;)ZrMe,9t WgAIA FHES £
2lsld 'H NMR3} 3C NMR& #asigo). 'H
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3 FrElE0] YEbdth ]2 Scheme 39 = vt
o} o] E7e] whgoz (TMDSCp,)Zr(Me)(OH)
7t A" FHez Mdudd. A" (TMDSCp,)Zr
(Me)(OH)+= Cp :gld] s 4709 F47F 2%
B5A &3, a9 (Si-CHy)=E 2% Az 55
517 ooz 99} e AFEHSE BT oE
#el7] g8 C NMRE 2459, "C NMR 2
7 sp? A& Fdo|A 5702 resonanced 121.0,
117.9, 117.6, 114.4, 2 13.1 ppmol|A £33 & 4
A om, 21.3 ppmellA Zr-CH; 28]51 1.5 ppm3}
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Table 1. Results of Ethylene Polymerization with Various Metallocenes

temp. Cp,ZrCl, Ind,ZrCl, Et(Ind),ZrCl, (TMDSCp,)ZtCl,  (TMDSCp,)ZtMe,
() A M(x100) A M(X10%) A MSX10% A M X100 A M <107
20 1692 73 1543 88 1872 95 2872 347 756 184
40 2026 68 1987 75 2543 73 5592 239 2873 38
55 2072 65 2113 65 3012 70 7014 51 2012 28
70 2250 61 2452 66 3073 68 9907 24 1633 11

A= Activity, KgPE/gZr.h.atm.

WA 71 BE Scheme 33} Zo] ¥hg-o] z3hxo]
A3 2ilE 34 AskEe] g4l o4H7) wiol
o},

SeEES. A" polysiloxane
ansa-metallocene?] Zgt&n)] ZAl9]
7] A3 SPLE, 2E0jo] ¢ So

el 2dFH L FFFo| FaAFo
7]- olv] MuE u} Qom Table 1o & E
Fujote] T34 E vwd Aoln. gAY et
polysiloxane-bridged ansa-metallocene] =71
S53E& A9EY AR 20| R wal =
HE zto] & Roje Holo}. Disiloxane (Si-0-Si) o
2 92" (TMDSCp,)ZrCl,e 84¢] u)$ Eo} x|
7R LR oW FnjEbs 945E YL vy
o4 trisiloxane 3382 disiloxane 32 R} 2
T8 o] "R vol 4L 2A3]7) oYt o
A& oput= [HMTSCp,JzrClel 7239 54 o
£Lo.2 ol E ).

S Zr 7819 £ Cp A}o)9] 7+ disiloxane 3+3}
=HT 2 8 Zr-Clo] e 23]a Foly waA
93] A g wigirl Aoz s
71 fEe 2 Aok oA F A Cprt Ygs
o] o]4o2 AZAH ansa-metalloceneS Ao
BojAle A A dxsks Aol x4
2 (TMDSCppZrCly= ddale v 2 323
ABYE oy ZedAn 2L golefing BEO
2 IR Z3th AR disiloxane-bridged
ansa-metallocenedl] oJs] AP T x}e) Eajeko)
TR W3lo)] w9 w7E Holr}, Table 19
Uehd vie} Zo] @A 349 ool Cp,ZrCl,,
Ind,ZrCl, (bisindenylzirconium dichloride) 4 Et
(Ind),ZrCl, (ethylenebis (indenyl)zrconium dichlo-
ride)e] Bl FHLEr Aol uat =38
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ol F7HAA BAalge asigoy o 2
o ZA BT 0% glzgoez (TMDSCp,)
ZrClye 327t 20 CAA 40 CE Was wf
2t AL oF 358 Frlalgdon ExlEke 1439
12 Ztaste Sgecd wat QA aRate] E4o)
S RIS dslEie B Byl S8 Bxje
o Zae 2 48 )7 UF ez R W
7} BEFL Qo Polysiloxane-bridged ansa-metal-
locenes] o2 g £4-& F& FxAWA tharst

TEAE AZT F e Fhel Y wE 2
sl YT A2E Bge FAo uojzw ¢
i

A H¥Z} disiloxane bridged ansa-
metallocene 3HE-S LAFF FAo] wje Fo
AeZ WAL ojAL Foz Fmgls Agjolch
Hk3bA X)E742) ¢l A ansa-metallocene = 84
o] $53 Znj= 25 Cp Aol bridge”} ethyl-
enic(-CH,-CH,-) o] A1} dimethylsilyl(-Si( CHj)p-)
21 RAoldtth. «] 24 bridge”} methylene (-CH,-),t®
trimethylene (-CH,~CH,-CH,-),"* =8| 2 = 9
dimethylsilyle] a12% -S1(Mey)-Si(Me,)-¢1 AES
°of FIHAOWPM nE 23eae] HAE o)
FELA] ZIAC. v 2 AR g™ bridge
7} -Si(Me),-0-Si(Me) -1 (TMDSCpy)ZrCly & 1]
= Cp Aleld] 3719 948 717 telz da59e
1 trimethylenesbi= 22 JlgazdoA oo =
B4 2Y ¥ olig =AY golefine] 252

MNE 53 A%52 ebdth o) 42 disiloxane
bridge7} 1 F2H9) EXe] 9lojA] trimethylene

bridgeet= ‘:}%% PAIBE Aoz BAH = o
#HA X-ray oA Z disiloxane bridges} t}

z =2

E
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Table 2. Structural Data for Cp’ZTiCl2 Complexes

bond length(av), A bond angle, deg

compound Ti-Cl Ti-Cp(1) CL-Ti-Cl Cp-Ti-Cp
Cp,TiCl, 236 206 944 131
(CH,)(CsH), TiCl, 234 2055 972 121
(CH,)o(CsH,), TiCl, 235 205 048 128
(CH){CH),TICl, 237 206 9369 13264
(Me,Si0NC:H, TiCl, ;gé 207 9622 13252

2 tlgle] +ZE vlusle] disiloxane bridgee] &
Ae AFnzmx gtrh. 244 vug HgEES
ZAFEL Tiola Cp Abol9] bridge’} methylene,
ethylene, trimethylene 12|31 disiloxaneg! ansa-
metalloceneo]| t}.1¢

<X Table 2 °l& 3FEEY E7A 2§
Zols} 45 E vehd A, ol 3iH ¢ WE
ZAE9 bridge 7 W& A@Zol9 Aol A
x| L&s BoFEr}, Ti-Cle] Zo]= bridge’} CH,
ZEE| ethylene, trimethylene® 2 Z7}1344E tli
Zolgen, disiloxane bridge 3FEL EolsH=E
= 7j9) Ti-Cl 2ol The 2ol meiFiw B )
9] Ti-Cl dol= 2.35 A 2.2 bridget CH,%1 313
Eol A9 2a, ymA & e Ti-Cl Zdeole 2.37
A S 2 bridge?} trimethylene?l 3gES] 17
z2o} dutg ez Ti-C Agdoe|7t doAH Z2EE
o] Aol Ez ZFA| 49T Lol A FHEA
o] F7leke AEE Huth AT FAA BRe ut
o} zto] bridge7} ThE 47K9] ZmjolM AEZe]
A FAE = US A2 vuEe 4 £ U

Azl 4P A¥EA 7 C-Ti-Cle) z7ls ©
2l wa} methylene (97.2°) >disiloxane (96.22° )
>ethylene (94.8° ) >trimethylene (93.69° )o]aL ¥
1 Zt Cp-Ti-Cp= teld] wle} trimethylene (132.
64°) > disiloxane (132.52°) > ethylene(128°) >
methylene(121°)o]t}. od7]A disiloxane bridge&
#l A *ﬂ FES HlashE 2 Aol wig-
FElait. & Cp-Ti-Cpel 42 Cp Alole] ¢alrt
CH,, —(CHz)z—, -(CHp)s-2 245 Axs ¥
CI-Ti-Cle] Z4& widie] g Holzd Ti F99
470 NBA F Cp Alole] o] AR Cl Apole] 7}

& Fole dwdd A IAVLY o)F 5
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oA o] wi et A
Yol & Rl Ti-Cle]m H% o] Z}o]
255 Ao AXG. T?} 7}11 5 AL gt
disiloxaneql -5 4uHQl B e \:}—E— 54
rojZEt} Disiloxaned (Si-0-Si)e] 2%e 7=
2 1 3724 (CH,-CH,-CH,)¢9] 2%< 717 dg
25 v|53 £REA EAE A o= o=y
Az Aol 2 Aol o)A ggieh ek
£ sl AR 0§ e B4 e C-
Ti-Cle] z+-e 96.2° 2 u]$ #HA] bridge”} methyl-
eneql A vjs=gl vbH Cp-Ti-Cpe Z+& 132.53°
Z bridge7} methylene®l 739-¢! 121° X} 10°4}
AA] bridge”} trimethylene¢]l 3}3&-¢] 132.64° ¢}
Hzsih. 2x Cp-Ti-Cp 42 FHEAo| @&
trimethylene bridged metallocenes} f-A}3}} =%
o F8 Ge wWAE OLTiCl e FRBYl &
%3} ethylene bridged metallocene®dti®: 2 &
7}At}. whebA] disiloxane bridge metallocene2] =
ot 848 & CI-Ti-Cl Zdll 7]90d Aoz olsd
ot & 3gHEe] 47 FHY UAFHL zelE o]
E9] Cp Alele] A=lE Hlw3PH 1L S35 o]
e thee] ¥ Aed FuEe Cp Aloly
Azl F A9AS HARAYE AT oy
disiloxane bridgeZ Wi A 33HES vlwshd t}
gldl CH, & 7i7F A bl met of 0.3 A A
Ad] &717F §¢= ). Disiloxane bridge 33EL
HIA 7 2.84 A 2EA ethylene bridge (2.68
A)¢} trimethylene bridge (2.99 A)¢] &7t 9%
9 ¥4 9t tEl7} methylened} ethylenegl ¢
& % Cp Ale]¢] &t Ael7} bridge head T4
Atol 7} =142t trimethylene®} disiloxane¢l 7$-+
bridge head ¥4 Alo]7} ohg} 1 do] g4 Alo)
o] Zolzt HwAg7l =l Trimethylened}
disiloxane bridge 3l3l&E2] Cp Alole] HgAZE
trimethylene®] 73-%-7} 0.15 A ZA9t AZAAZ=
trimethylene bridge+ 3.03 A o)1

2.30A 2.68A 2. 99A CH 3.03A 2.84A
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3.38A




Polysiloxane Bridged ansa-Metallocene?] #2543 2FEA

bridge”} 3.38 A © 2 trimethylene bridgee] 3}3t2
o] 318 035 Ao} Feh. BTy APAY 3.03
AL HIAZQ 299 ARTE 0.04 A wlo] 7z @
o} o] trimethylene bridgeql #H<$o:= Cpr}
719 71&01AA) & A= HA "‘Eﬂi &7 2
gs]o] 9J1 disiloxane bridge 8322 HwiAz 9}
A7 0.54 A Aozt o] Cprl 71e0lx =
For 243 A LS LItk oA wapd
disiloxane bridge 33E-2 A0 g Y=
4 Zne] A¥AQ ansa-metallocene?] &
7}zl ¥HH trimethylene bridgee] si3tE-& tialr}
Cp mElg BA Fo Byl 79 728 et
HArt o]} 2 Aol7t FHEANA F sl3Eo
D Aolg Hol: o|fE UMY disiloxane
bridge metalloceneo] B]& Cp A}o]d] (Si-0-Si) =
379 a7t A oy P2 40 28
3l 33 d3d ug4 ansa-metallocened] FHS
7M1 &L HoZr)

& o]f= trisiloxane bridge metallocene&-
Cp Ateld] YR @e dart EAste Zujo] 84
Mol Fobd g e FSHL ol o A
o= olsiEth. SAT 5 He telRzst ofd
A= Qo) LA o Fol2e Yo o

A& X-ray F2ZAA djAut 453] olsjg 5
9}% Aelt}.

& 2344 g8 F gy 724
FUEEE =l gz 20 E7UEE 1
3 EE ufe 283 Axpl Qo)A Ayt
ol MgzE B7#dsirZ o disiloxane bridge
metallocene®] 724 Y CpE B 2RAY &
B B HEEA e A3 4e 7 £
F& Aoz ZAAYHA A& 5 9ot v I
A @A SHEAY BFH] trisiloxane &
tetrasiloxane bridge metallocene 53} 22 39
E7Y 97 AzEE Be #4e BY oz o
FEt. ol9} e A¥ANE ANFNA AxE B
BT WERA E7t "X Be 42 B 9
AL olF k=T F4381A4 ol&E 4 Yk =, A
28 B7dsid ol 840) $453§ disiloxane
bridge metallocenes} §-A}3t 22 Aalsl FH
23d Fvnchs 840 ¥ 72z A% -ods

['

o] E
L |

L

=

#F2/ A21d A33 19973 59

ONe” N N N’ N N N N

é \Zr
o \C' o ’ \CI

No Activity High Activity

£W trisiloxane bridge metallocene- Zujje] 47}
A gormz, Andoz B BAL o= o
2 d9E 4 ot mely BFY 2] 84 &4
< A7t g8 4o $53% disiloxane bridge
metallocened fA1SIA AgE Zu)o) vjgg &4
AlozA AEE = 98 Folr}

4 £

de|7ldll Eddsted Evle) mdagtEaAs ¥4
¥ polysiloxane bridged ansa-metallocene-g 34
dte] ddd g FHT 2y "Woixe 2a9 Ay}
EEHAT. HA, Cp Alold) (Si-0-S1) thalg 2zt
+ disiloxane bridged ansa-metallocene- o=@l
FEA %’“3‘?5_"1]"1% AF7HA] deiR old v

ZARY 943 FHES wY oy (Si-0-Si-0-Si)
t}2|& zh= trisiloxane bridged ansa-metallocene
2de] it} o]AL disiloaxne bridge 3}3+E

o
# trisiloaxne bridge 335 @A 729 x}o]
d 7|d" ZAxz olsidrt. EA, disloxane
bridged ansa-metallocene® Z32wof ula} A
3 s R Bl e Nzksk W
At A, Badste a8 FHoje Az= Ag
7t Hel| disiloxane bridged ansa-metallocene}
AR a9 Gyl EASE vl U B
dol g Ao d2Hn). gep AN Azd
27dste Euje]  AE|YLe  dest w9
disiloxane bridged ansa-metallocened}i= tj2 T
22 23d 8439 v 27] WRoz a4
=

Wie Z: 2 A7 FEHHT GYABAT
o Aoz FuEenz oo BA=
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