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1 XBHS

1.1 {X&%

HEREVERAESRIPTHRA
Schlenk $ AR # 17 . 44 ¥ # 7 Bio-Rad FTS135
£ e LW . B R I FE Unity-400 Y
BRLREN EME, LFMBAU TMS 55
X it R R E & A, & Finnigan MAT
8500 Filf it Lt fyl F | & (EI-MS, 8 T
RER N 70V E SWERIEHTEHE D,
NMENITHEAYT, AEERETELA.ERFA
B, VG-Quattro AN E .
1.2 LAWHPE

(*BuCsH, ),TiCl, (1a) B W # + W A
Li'BuCsH, #9 M & ok ™ ¥ ¥ 22.0mL
(0.309mol/L, 6.8mmol ) M TiCl, 89 P X ¥ &
1.9mL(0.34g/mL, 3.4mmol), SOC T #it $ & &

24h. FRTREMBRER, PR _AAKBRG,
HEESE, ETHERR AROEHE KEN
EROREAS S, Ba At REE 0.94g(BE:
76.6%) . EL-MS(m /e, HIX £ H % ):360(M",
5), 325 (M*—Cl, 4), 239(M"—'BuCsH,,
25);'H-NMR(38,CgDg }: 1.412(s,9H),5.944 (¢,
2H), 6.256 (¢, 2H). IR(KBr K K, em™!):
3088m, 2956s, 2868m, 1485m, 1446m, 1384m,
1360m, 1275m, 1160m, 1047m, 842m, 823s,
667m.

(*BuCsH, ),ZrCl, (1b) ¥ B Z:Cl, (1.20g,
5.2mmol), i A Li'BuCsH, B P 4 ok o % &
33.5mL(0.309mol/L,10.4mmol ) ,60°C ¥ ¥ R i
24h, MHBR B M, 100mL B E S =R FER, KRB
WHEE, - 15SCH B, BXEERERE 1.81g(
:86.2%). EI-MS ( m /e, # % ¥ %) 402
(M*, 8), 387 ( M'—CH,, 10), 281
( M*—BuCsH,, 37);'H-NMR(3,C4Dg):1.406
(s,9H),5.879(z,2H),6.199(¢,2H) ; IR(KBr [E
B ,em 1) :3089m,2959s,2870m, 1487m, 1459m,
1386w, 1362m, 1274m, 1157m, 1045m, 885m,
815s,667w.

(*BuCsH, ), HfClL, (1c) HR IR 0.59g(1.8 mmol)
HICL, 11 A Li'BuCsH, # 4 % ok % ¥ 12.0mL
(0.309mol/L, 3.7mmol) , 50C 5K 24h, ¥ K
BREM, MA 60mL PEEXR . KEZF,ER_
ERARACHEES R, BXERR&EE 0. 78g(k
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#.88.2%). EI-MS (m /e, Hl X £ B %): 492
(M*, 18), 477 ( M"—CH;, 29), 457
( M*—Cl, 5),371( M*—'BuCsH,, 24),'H-
NMR(35, CDg):1.406 (5, 9H),5.809(¢,2H),
6.106( ¢, 2H); IR(KBr JE K, em™'): 3093m,
2595s, 2870m, 1496m, 1385w, 1362m, 1275m,
1158m, 1045m,887w,818s,667m.

(*Bu,CsH; ), TiCl, (2a) & R #& P fm A Li-
‘Bu, CsH; A9 I & ik W 7 ¥ 22.0mL (0.52mol/L,
11.4mmol) #1 TiCly P F K 2.0mL(0.52¢g/mL,
5.4mmol) ,60C B H B} 24h. BEMBRER, =
HEE 20mL RS, EMBBECKES &,
BOEME1.82¢(WHE: 71.4%),EI-MS(m /e,
HXEE%):472(M"*,3),437(C M*—Cl, 47),
295( M*—'Bu,CsH,;, 55):'H-NMR({3,CDCl;):
1.38(s,18H), 6.82(d,2H),7.01(¢, 1H). IR
(KBr K ,cm ™ ') :3090m, 29585, 2870m, 1465m,
1388w, 1364m, 1249s, 1161m, 1060m, 841m,
822s,665m.

("BuyCsHs ),ZrCl, (2b) R B ZrCl, (1.07g,
4.6mmol), Wl A Li'Bu,CsH, B I & o K %5 #%
20.0mL (0.46mol/L, 9.2mmol) , 60T 8 # K 5
24h, B EHBR R ,80ml. B RS =RER, ER
RIS, - 15SCAKR, BXGRAK 1.74g(
73.3%).EI-MS(m /e, #I1Xf £ %) :514(M",
10), ( M*—CH;, 4),( M*—Bu,C;H;, 48);
'H-NMR(5,CsDg):1.30(s,18H),6.03(d,2H),
6.55(t, 1H); IR(KBr [E A, em ™ '): 3091m,
2955s, 2873m, 1494m, 1461m, 1393m, 1368m,
1251s,1166m,1058m,841s,821m,664m.

('‘Bu,CsH; ),HICl, ( 2¢) #% B HICl, (2.08g,
6.5mmol ), M A Li'Bu,CsH; A9 PU & ok W #
29.0mL(0.46mol/L, 13.3mmol) , 60T 1 P & iF
24h. M FERYBR BE ), N A 120mL PP R ZE B, FE B
WS, - 15SCHR %K. B0 RE 3.26g (I E:
83.1%).EI-MS(m/e, #X £ B %) : 604 (M",
4),589( M*—CH;, 2),427( M*—'Bu,CsH,,
26), 'H-NMR (ppm, CsI)):1.42 (s, 18H),5.85
(d,2H),6.63 (¢, 1H); IR(KBr FEF, em™?):
3097m, 2957s, 2865m, 1485w, 1386w, 1360m,
1251m,1210m, 1070w ,842m,821m, 665m.

1.3 SEZHRe

KE—EBEMNEEREEY . HP¥EER K

FIEKER Lpmol/mL AL HWER. EREGHESD
A B8 R 3 L B e B A4 3R MAO 1 1mL 4
A WHET BAZE 1L IEEEMNZ
B, MWK AT TRERELS . KE.
HHEMELRAITEE.

2 #RE5itie
2.1 ARBER&EWH

HTERHFR _HHERES MCL(M = Ti, Zr,
HOZENASKMTRN, —HFRRP X PES
i, 7 48 B G R R (‘BuCsH, ). TiCL (1a) |
Fofi R & & (‘BuCsH, ), ZrClL (1b) . JE A RIR &4
& (*BuCsHy ), HICL (1c) . IR W& R EBAT
1£& 9 ('Bu,CsH; ), MCL (M = Ti(2a), Zr(2b), Hf
(2¢)).4k5%2 IR,'H-NMR # EI-MS £EE18 8|
kL.

Table 1 Proton chemical shifts and assignments(8) *

Compound 3k S o
(*BuCsH, )}, TiCl,(1a) 6.265 5.994 1.412
{'BuCsH, ), ZrCL{1b)} 6.199 5.879 1.406
{BuCsH, ),HICL (1c) 6.106 5.809 1.406

" Numbering of 'BuCsH, in 1a~1c¢:

4 5

(*BuCsH,);MCL(1a~1c) B4 #h i m iA 1
B 7~ , ¥ 78 3090, 2959, 1490, 1385, 1360, 1045,
820,667cm A BB T RPN B EAOBET
. BEE AR ATEIRFRMN,X=
MEEPHEFERHBBORS, HHRA
R1LAEAYN FEFEYBEREE L.

a
b
w
3000 2500 2000 1500 1000

v {cm)

Fig.1 IR spectroscopic data for { ‘BuCsH, ),MClL, [M =
Zr{a) ,Hf(b), Ti{c)]
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FRESMHRB T AFEMBEN . CLEY
EfE M—C) BAW S HFE
(M'—CH;) B &R EWHRXTAIHA B
BE—-FEE. LG5 (BuCH;);MCL(M="Ti
(2a) .Zr(2b) ,HI(2e ) H A HTIA R .

{649 (‘BuCsH, ), HICL (1) R =8 & & ,P-1
ZS[a B, a2 =1.075(2)nm, 4 = 1.300(3)nm, c =
1.336(3)nm, a = 90.01(3)°,8=90.01(3),7 =
90.01(3)°,V=186.73(6)nm*, Z=2,®/GHM R
=0.1177. 8 2 HH &S00 ROE A .

Fig.2 The molecular structure and unit-cell of (‘BuCsH,),HICL

PSS EEHTRHEI T SHALEER
A3 7 4 B A 48 R 25 89 ("BuCsH, ) HICL, 4T,
EHEFER C—C KN 0.143nm, SRHWH
('BuGsH, ),TiCL, &4 F% ¢4 Cc—C &8 kK
(0.140nm) HL. FH A/ HF-C (F)WRKARE

0.248nm, MBBE T E B EZBHHEBELED T
Ti—C (RS (0.246nm) B4 . B HHE
78 ] 49 32 f Ok 43.8°. b5 ¥ (‘BuCsH, ),MCL, (M
=Hf, T FHPHMAREKBHEA TE2.

Table 2 Main bond length{nm) and bond angles(”) in ('BuCsH,);HICL(M=Hf,Ti)

Compound M-C(ring) M-Cp{cent} M-Cl Cp-M-Cp Cl-M-Cl Ref.
(‘BuCsH, ),HICl, 0.238(3)~0.267(4) 0.217 0.246 135.1 91.7(7) This work
{'BuCsH, ), TiCly 0.233(5) ~0.248(4) 0.209 0.237 131.5 92.5(5) 1

(‘BuCsH,),HICL, 5+ &, B R T EM 3sr

I FAIM L ORI N TR, X <50t
5 (‘BuCsH, ), TiCL, M4 FHA MM — K, i 5 g2t
(*BuCsH, ), Ti(NCS), 5 TS A R, 2%k 32
A9 B RREATATRRM, 5 RFH 2
REEERTR. £
2.2 HUZERE < 0:0

AMEEH LB R A MILEE, K5
WEFE 2 : Ze>HE> Ti. 3 FHEY 1a~1¢,# 1.01
X 10°Pa, [ A1)/[M]=3000 8 , =4~ L & P %f 2. 4%
GORE 4L 3E #4310 :3.2 X 10°(Zr). 1.3 x 10°
(Hf) 0.6 X 10°( Ti)gPE /mol-h. MK L&Y 2a
~2eH TR TEERNRERER , E/K

01000 2000 3000 4000 5000
Al/Zr (molar ratio)
Fig.3 Activity of ethylene polymerization catalyzed by

(‘BuCsH ), ZrCl,
Condition ; toluene 50mL,25C ,1h and 1.0t X 10°Pa
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BEAZBERAEHEMRAFE. KARAGTHE [Zr] =300 FFiARZBNEEERN X =
{LEHES R 0.8X 10°(Zr),0.1 X 10°(Hf),0.2 61.0%:4 & T, =134.7C; KB E T, =
X 10*gPE /mol-h. 117.4C ;W84 FRIM], =31.4 x 10*. 4k

(‘BuCsH, ), ZrCLOIb) A Z BB AHEHD R A B H lpmol, 8 & K X 3000 H,
BA3pin. AELZEBRAGHRERERRFALY  (‘BuGH,),ZrCL HARB R A X BA HEILE .
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SYNTHESIS AND CHARACTERIZATION OF METALLOCENES CONTAINING
TERT-BUTYL SUBSTITUTED CYCLOPENTADIENYL LIGANDS AND
THEIR ACTIVITIES IN ETHYLENE POLYMERIZATION

CHENG Yanxiang, YU Xiaoyan, JIN Guoxin, JIA Hengging
( Changchun Institute of Applied Chemistry, Chinese Academy of Sciences , Changchun  130022)

Abstract  The metallocene complexes { ‘BuCsH, ),MCl, (M = Ti (1a), Zr (1b), Hf (1c)) and
(*Bu,CsH;),;MCL (M = Ti(2a),Zr(2b) ,Hf (2¢) ) were synthesized by the reactions of Li ‘BuCsH, and
Li'Bu,CsH; with metal tetrachloride in THF solution. The complexes were characterized by their IR, 'H-
NMR and EI-MS. The molecular structure of 1¢ was determined by X-ray single-crystal structure analysis.
The complexes(1a~2¢) exhibited high activities for ethylene polymerizatin (up to 3.2 X 10°gPE/mol-h) in
the presence of methylaluminoxane { MAQO) at room temperature.

Key words Metallocene, Substituted cyclopentadienyl, Synthesis, X-ray structure, Ethylene

polymerization



