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FS A7) 913lo] tetraphenylo]l X3 disiloxane 2]7t=E& 7}A ansa-metallocene g A
gl FERELE AlsldYh A2e deg=zMozA tetraphenyl @S 7R disiloxane
bridged ansa-metallocene® si3== 2lt=9) trimethyiun AFAE ZrCl o} vrgAA 424
oz PAE=HAUT. d7FAE AR @x @se] 24593 ZrClLE WEAAME ansa-
metallocene & AZE 5 Aoy £80] 10%HEZ o]$ Yote) AAY HFPZL 52 2 i
NMR#} AZEAE Fal 720 Ao U=t 4€ vgzAe e 2847 28
E7t 45E85-E Fojo 4L Fuksle v AN E D8Rl Eage Zasts dgsd 3
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tetraphenyl tlzle|zZt=rt} 204 % ko YA H Zeldere] Bzlare tetraphenyl 217t
2 Azd &2} 40-1008) 4 Fct
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ABSTRACT: The tetraphenyl substituted disiloxane bridged ansa-zirconocene has been gen-
erated to probe the effect of bridging ligand on metallocene polymerization. The indicated
zirconocene has been synthesized by the reaction of ZrCl, with the distannylated precursor
compound. The new disiloxane bridged ansa-metallocene was characterized by 'H and '3C
NMR, mass analysis, and elemental analysis. Ethylene polymerization was carried out to in-
vestigate the polymerization properties of the prepared complex. Polymerization experiments
exhibited that the catalytic activity increases with the increase in polymerization temperature
as well as the amount of cocatalyst. On the other hand, the molecular weights of the polymers
decreased with the increase in polymerization temperature. It turned out that tetrapheny! re-
placement caused about 50 to 70% activity reduction. The most important feature associated
in tetramethyl to tetraphenyl substitution was that molecular weights of the polymers from
the tetraphenyl substituted complex were enormously improved comparing to those of the
polymers from the tetramethyl one.
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20037 gstA Has o] stod, o) d A
H2A ofe] UG 4I3] B FEI} - Y
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cyclopentadienyl §%=#M& dZ@s= dalezi=g
TFZ7t Fu & v L 2AVER: e oS¢
uigle dF2 A4dn. AT 2 AFHAANE=E A
28 dEgzd Zojzr dZde]7} tetramethyl-
disiloxane?!  ansa-metallocene (6)3}  dinuclear
metalloceneg #4333, o] 3§82 FHENS =
Abatdch! ¥ A7} tetramethyldisiloxane.2 A2
¥ ansa-metallocene& ¢aix B7}a] g o
2243 vasl Frixel 548 2gded, AR
 Fuje] #Ao] vl $-53 FPolnl, T
AAE nExte] EAjgo] FgL K v ¢ vl gsly
FULE7 40 ColsllME RS 4D Zg
dqEAe Ao, L7 A5HB 2

o] 43 Zad I#RE HAsle HEe vy
Ao, & 97 tetramethyldisiloxaneo & AR

ansa-metallocene?} ojg} e AAHL wAdsly] 9
3 M 2& ansa-metallocene Zuj24 A7
712 24 siloxaneo|u} dZAclzlo] Z¥E 8
7} tetramethyldisiloxanet] 4! tetraphenyidisiloxane
¢l ansa-metallocene®] §A 7 F3o) B3 A3 2

Folr}.

Al =
d #H

Aot A EMY. BE 2¥e B3 Aavt AAR
A2 E97] slolAl Fy=den] B} 2ad) vt
Aot} SHEEL glove box (CA model HE-
493)olA B3t dgdl AlgE" gulgl THF,
diethyl ether, @4}, EFq& sodium/benzophe-
none FollA F{3l] ARE-3l9.20 zirconium (V)
chloridet= 107 % torr, 180 ClA L34 & AMg-s}
% th. Trimethyltin chloride 9} dichlorotetraphen-
yldisiloxane& %o Aalglo] o] &3ttt F g
=¥ FZ0 2+ modified methyl aluminoxane
(type4, 11.6% Al in toluene, Akzo US.A)E A}&
ded, JdeA (R3fsh) e 2709 POBL &
HAIA AHE-EE 28 1-octene (TCI) Wx o] FA)
flol AMgEd. BAMdix IR (JASCO FT/IR-
5300), NMR (Bruker DPX 300 FT-NMR), @akz
A (VG-Autospec Ultma E)3 GPC (Waters 150-
CV)E o] &3}
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Tetraphenyl X $## & 717 Disiloxane t2] Ansa-Metallocened] #4432 FHATF

g 4.

TetraphenyldisiIqxanediyldicyc|opentadienide
(TPDSCp) 2| #tA: -78 CE #A|§ dichlorotetra-
phenyldisiloxane (7 g, 15.5 mmol)/THF (100 mL)
o] CpNa (17.1 mL, 34.1 mmol)& FAPZ|2 ¥1
A7 2= &Y ¥ 4] 7HEdlo 60 TolA
12A412F wrgAlZich old goie] Mo F By
fololA Mz FHelaloz WIch ¥gE s}
ol goiE AA L i PristAch ARE Fal
#aboll 53X LA E AAs, oztd &AE 72
sl M kg AASHE o] Ue = odH
2N HF Bl 50%9 #&=2 ZojArh IR
(neat, cm™') 3069, 3048, 3021, 2961, 1960, 1890,
1825, 1591, 1429, 1262, 1117, 1067, 1040, 909,
777, 700, 515. 'H-NMR (300 MHz, CDCl;, 25 C)
& 7.09-7.79 (m, 20H, CgHjs), 6.53 (m, 4H, C;Hs),
6.42 (m, 4H, C;H,), 2.94 (m, 2H, C;H5).

Disodium Tetraphenyldisiloxanediyldicyclopenta-

dienide (TPDSCpNa)e| &Hd: A2diA TPDSCp
(3.38 g, 6.6 mmol)/THF (70 mL)<| NaH (0.35 g,
14.6 mmol)/THF 30 mL)& Y3 60 c2 7}E3t
of 15412 BgAZTY A3E 3 vghg-9] NaH
€ AAT & ZgsldlM THFE AASPE 239
IA 7t deh o7ld] #4dE S0mLE Yo ¥l
o =2ge 1A 7L AEEHUTG 44E 24§ A
% &3 o 50mLe] oz M ¥ Az
F3tarol 1x]9l TPDSCpNa7}l 80% 9] 82 ¥l
Aok IR (KBr, cm™) 3066, 3000, 2959, 1960,
1889, 1830, 1589, 1428, 1262, 1115, 1037, 996,
899, 804, 742, 700, 536.
Tetraphenyldisiloxanediyldicydopentadienylzirconium
Dichloride (TPDSCpZrCi,) 2| %t4: TPDSCpNa
(2.94 g, 5.3 mmol)/ether (70mL)& -40CE &
A Al7]32 SnMel (2.22 ¢, 11.1 mmol)/ether
(B0mL)E F7elar AMA3] deoz 23 F 64
gAY Q#3E F38 vlvbge] TPDSCpNa
9} NaCl& AAsIE 73l etherE A Al
g4 =34 HA dHd] EFA 70mLE ¥n
ZrCl, (1.23 g, 5.3 mmol)/EF4 (30 mL) & 424
A F7isla 80 T2 7bEIEA 15417 wheAA
ot & Fa uige ZrClLE AAsT 2gst
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o EFE AAT F P4 (50mL) & ¥ A3
& aH 9} £Ae st Feld A4 gy
-78 ColA AAA3I 5A %S 1A= 60 C Y
(200 mL)oll Wol 2AI17F oty oAE T a4
fog Felsin Agksid] PAg AAge=N g
Q) TPDSCpZr& 50% 9 482 ¥& F AU
th. m.p. 95~100 ‘C. 'H-NMR (300 MHz, CDCl,,
25 °C) 8 7.61 (m, 8H, Ph), 7.44 (m, 4H, Ph), 7.35
(m, 8H, Ph), 6.80 (m, 4H, Cp), 6.64 (m, 4H, Cp).
13C-NMR (75.46 MHz, CDCl;, 25°C) & 1352,
134.6, 130.9, 128.5, 126.7, 123.3, 113.9. Mass 670.1
(M, 2.2%), 593.1 (M-Ph, 100%). Anal. Found:
C, 62.56; H, 4.42. C;4H,40Si,Cl,Zr. Calc.: C,
63.49; H, 3.93. _
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o] HClo}] @74 vetee d3 SHEAE A4
A F&& FRIHYC AAH4E FHAE 60 TAA
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3RHE 29] £4 NMROIA Siol A€ 4719 9
Anele EAE 4 7.09-7.79 ppmdl] A &
A& Jdetdx gt Cpol 2%d 5789 #4291
§3 F8ic] 22t 3719l chemical shift2 YEehd
t}. £ 653 ppm3} 6.42 ppmol] B FAHHY]
2 Jeid F 719 multiplet2 Cpe| sp® &4l 2
g8 T4 7" FHoln, 2.94ppmel] yEehd
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d AT 3FHY FaEC] AR ug A B2
Ag3ta 2y ez dudrt. TPDSCpel o}
2 #A NMRE 923 tetramethyldisiloxanedi-
cyclopentadienide (TMDSCp) 2] 4 NMR#:= o}
& %44E& Jehl= AHojh. TMDSCpe NMR-2
TPDSCpet= 2 Cpoll 2% 5749 Fa7t 374
9] broad# chemical shift2 vlepdc}. o]z o}
ays go] A2dME TMDSCpe Cp F4E0| wt
24 N2 w2837 gFo|r}t’ meld TPDSCpel
Cp+47F NMRoJA 813 g 3709] multiplet
€ Holx= AL TPDSCpe TMDSCpoh= 2al #
Augo] WmaA APsR] ge-& Wik Aot o
£ methyldt} 337} 2 phenylo] x$s|oz A
Cp Wl 238 Fao a8z 7 #x|7] @Y
Aolr}, =& TPDSCpel 370 chemical shifte}l =

Me Me Me
|:>y—§i—o— — I D—Si~o— ~—v "_Q——,{i—u—-
' | ¢
Me Al Me¢ 1" Me
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FAL 0L 2 FHE whgo] AREA AdFo &
T8 JF 4AHEY Fe7 doe Holth g4=
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Tetraphenyl X]8#] & 717 Disiloxane thg] Ansa-Metallocenee] §4 3 ZgAF

tripleto 2 Jehdch £ fidsield] &= A
59 F4E 7.3-7.65ppmAlold] FAHE 2
1:29 3709 M)A multiplete 2 yelyig, <
HAeiote] 45343 zb chemical shifte] 49
Hulg K £ o 7.6 ppmo] FAHE E WAL @
& 59 Z¥H 8719 F24, 7.44 ppmo A Yehd 3
ae ©a 79 e 44 4 aelx 7.35 ppme]
AEe @4 69 2H 849 F£4E Ueues Ao
2 #jd=ct. TPDSCpZrCl,9] B4 NMR A®HEY
2 110 ppmollA 135 ppmAlolo] 7702 EEgisl
chemical shift& Bt} Cpe 3%% gha: 114,
123.2, Z28lx 126.7 ppmolld yehds olF 713
high field (114 ppm)olA =8 537 Cpe
bridgehead Et4d)] 710" Zojui, low fieldd] e}
¥ 4712} chemical shift= WiAlmald] & 3}= gt
Ao 7191E Zolr} o]F 2709 & FaE $5%
87 wtaz A" A 59 694 HEH Ro|
o, ddiHeg e HaE g4 49 79 s30|h
AAE slgEe] AgRMe AiE 249 molecu-
lar ion3 A Aol 24 Frlsls WYL B 2
7§9] Clo] £a)3}= isotoped] & UEhlo] $tME &
Fo] SYE 59 AL 71HE B FAULL

oSl Zgh sIgE 59 FASAHL AP
3] modified methylaluminoxane (MMAQ)& =&
2 odEd FHe dAlsted 2 Z7E Table 19|
AR en, & 48 £ siloxane Tl E 7}
% ansa-metallocene®] tigg]zter} vlxje Qe
oFsrl Qs BgE 59k ¥4 siloxaned]
tetramethylo] ZA ¥ ansa-metallocene?] Z3e
22 z27AA AAlslch Table 1€ BE §
ansa-metallocene, TPDSCpZrCl,2] ¥ 7}x] &
% Atk 98 2w} B3 us dgke
H FE25=71 20 TAM 70 T2 FIlePH Zujo) @
A& 1251 kgPE/molZr.h.atmol]A] 2376 kgPE/
molZr.hatme 2 o 2B % Zr7lsls AgES Hol
Rbe Agsls Zeloigde) £a42e 3247004 40
Hez of 8uful it} (Fig. 1). o9} ge &
e vEgzd FPA dutzoz BAELE Agkn
dASH= Zolth W2 Er} ZrlslH Zujol 2
e DA visle AYEsT) EUle 23S
=7t w3 ng g4go| Frlat). e =3z 2%

3
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Table 1. Results of Ethylene Polymerization with
Tetraphenyldisiloxanediyl-bis(cyclopentadienyl) Zir-
conium Dichloride

t((%gg). [A1)/[Zr] activity® (ﬁ&) Ty
20 10000 1251 324 137

10000 1322 185 135
40 20000 2182 180 136
TPDSCpZrCly(5) 55 10000 2004 8 136
10000 2376 40 136
20000 2955 28 135

catalyst

70

40% 10000 685 2 92
40 10000 4846 2 132
TMDSCpZrCl(6) 70 10000 5508 1 130
40° 10000 5314 3 112

4 Activity : Kg-Polymer/([ Zr] X hr x atm).
# Copolymerization of ethene and l-octene([Comonomer]/
(Cy1=2).

2&!; 0
a ~@-- Temp. vs Activity
2400 <o Tomp. v Me - a0
\\ -
=
N ,
2000 .

Activity
§ &
5 8
M« (X104

140 / Yo

1200 S g \\ o -0

e 10 x 0 41) 0 Ld 0 L
Temp.(°C)

Figure 1. Variation of temperature with poly-
merization activity and molecular weight of the poly-
mer.

257t &7} chain  termination 2 chain
transfer £5% Z718 Hlog MAEE 1l
A Fadch T3 2&u9} 2o vy} 23
d vlAs P B FEo Aol Qo &)
9] o] F7gtoll we} Fujo] B ZrbsA| gt A
HBEe 1A 2ARe ga pgasts Fge w
ATt ol Y= dgsNe] oA BAY o
RHQ Aot UXE Roln], 2Zuje] Zslo] we
AR Zae Zro] 2gsol S0l WYY &
A7t &0 Ale 2 chain transfer 5]7] w&o)
o 4927 Wgen) vRe g 2o
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HAE - =4F-olgF - 4

guch AW 34 A B4E 28X T,
& 1357 olaez A¥H nUx ZedEdo]
HAAENLE BAFEL FHEE 40 CoA 3P
et 1-octenes] FFHE BT ExFo] B
o AE mEgate] 3o 92 CEA FEBA I}
Bol xgd FZEA7F AU olH @ 82
HE siloxaneo] tetramethylo] ZAgE Zulgl
TMDSCpZrCl,2] 37 e} vlusld 5 FujAlo
ol 433t 54 o7t A& € F Ak Fulo
BA LS tetramethyle] Z¥H disiloxane r}e]e]
ansa-metalloceneo] X7t A TERpe| Bajef
& 93|23 tetraphenyle] Z¥t¥ ansa-metallocene
o] 427} &4 =3} (Table 1). Razavis syndio-
tactic polypropylene (SPP) &4 Zull9l Ewen Zuj
7¢] dZAcieldl Z2%E dimethyl2 diphenylz W3}
A7 88 A Z2IAFHS B F ogE
o] §4¢ vmaldrt? 19 Ao o3d Zujo
84¢& dimethyl® telz -7bd S3EE (7)o] 3u)
A= zlou AR ZelzzdAde ExE AT
%42 diphenylZ tiel2 7} 3IgHE (8)ol H &
A veldol X-ray FEENE 53 F slgE9
Tz 5 713 SHA Aol 3FE 79 vl 89

Zro] glzt=2 e o Fal "dolx e Hojrh v
5 X-ray +2EAL FREHA] Roy £ Ao
A 84 ¥ tetraphenyldisiloxanetiel & 713 33HE
52] +Z2} tetramethyldisiloxaneg tiglz 713 3}
#Eo] T2 ol 2 7123 JolE 71 Ao
2 A, o]d FxEalola ¢lF] tetraphenyld
7}A ZFulle] Zro) ZAY3}=  frontier orbitale
tetramethyle] A =R} vlgZo g Zro] glo
Y, =28 A=t 3ol AYHE T 2o ¥
AR 28 nEAHe g EiET o DA 2
¥ 49 2o} golsl HdiFgsld 49 o
agostic & 71 FVAE P4 Aok gut
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Q1 AH AAwgo g AAAYHA QA Aol
e nBAE AAsH et &, tetraphenyl&
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Polymer(Korea) Vol 23, No. 2, March 1999



Tetraphenyl X]##]2 712 Disiloxane t}2] Ansa-Metallocene®] 41 A

& nlgozMe Zujo] FUEAL HAS wgaZ
F UALE HYFn Ut HEZEae] u=d9
disiloxane tiz]g|tce] 54 methylolA] phen-
viZ2 vHp 842 40 C FROIME 80%, 2Bln
70 C FPNME 50% A= Zadhd Exgke e
364 A= W7 Frtshe A0S PAYT A
&% vie} o] AR} o] vig2 Al Fujo] oFy
o W ooz} Exjte T 1% Fujr) o] of

drke de A o 2 292k 0 388 o)
€ et 449 Hae =g s 24
Zol & DEAE Axdlke vgzAe FYo| vhsdt
A 1 mpgo] Esin Fgo] @#E #AFe] Urh
R 2 d¥n go] desk oelzineg ¥siiA
NS AT AU g2 Pk AL

Ty

B} golahl 4HY 4 Y= Yol Utk sl o
=g WaA g2 SA4S Y dgeAe
FHEe WEe Hg K5 teleinze 2871 o
ofst] 28 BAHo| Yoz o] who] BT} HIY
o2 $857] gaiMe tlkd £8e) 228 74 o
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