~7 kecal mol-!

~4 kcal mol!




\\ Ta/ —

TaCl, \/ e

+ [ oLl ] o
C [ (C;F:ifB(cé:Fs)s ] . Ta —A/)
Q/7 \/\/ - CpsZrCHg)Cl Q/? 7

[ CH3B(CeFs)3]




Cl 12—

Cp;Zr

Zr-C1/C4 248.0 pm - Zr-C1/C4:229:6 pm
Zr-C2/C3 231.0 pm | zrpg[ggg’471{m

cci-c¢t
137.5 138.1 136~4me
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NH,

Cp2 H,O / THF
2 Ph
Phf“<fi;/x§§b//’jﬁb“\Ph

NH,

91% vyield (350 mg), m.p. = 140°C
Aoy = 403 nm, & = 27000 (CH,Cl,)

max

o
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;‘W(CO)s

2 H,0/THF

@N——O

~ H3CO A

M3CO H3CO

H3CO H5CO

(13'S,17'R,2,3,4-pS,285) 'L__



CpZr: + N

W(CO)¢ N=CR O=CR,




syndiotactic

EEEEEEEEE

1sotatic

Sinn, Kaminsky, Brintzinger, Spaleck, Herrmann, Ewen, Razawi, and others



@
R R R
@/ @/
Cp,Zr CpZr. CpoZr
L x© 'x© x®@
(MeAlO) H%R BPY
[CpZZrR@] [(MeAlO)XRe] - - l I e [szZrR®] [BPhC?]
H. Sinn, W. Kaminsky (< 1980) ~ *+NRy
R M. Bochmann (1990)
Cp Zr/ |
N
Ik
Cp,zR®| |BPI? - — lcn.2k® ] [RB(CFAE
[ 2 A ][ 4] Ph3C@BPh4é B(CeFo), [ p2Zr ][( 6F's)3 ]
R—CPh; T. J. Marks (1991)
M. D. Rausch, J. C. W. Chien (1991) AgBPh, |

Y
[CPZZrRQ] ~‘[BPh§] R. F. Jordan (1986)



B(Cst)s R szzr B(CGF5)2
F
F F
F

F . NMR: -126.4, -130.6, -131.8
(o-F; 193 K) -134.0, -137.5, -213,2 ppm



Zr - C1 2.339
7r - C2 2.494
Zr - C3 2.528
Zr-C4 3.756
Zr - F42 2.423



Cp,Zr( N ) + B(CgFs)s

| (toluene)
|=— AG¥(233 K) = 8.1 + 0.5 kcal/mol —|
, © [ B?C Fs)
® 6
SpoZr B(CeFs); AT __B(CeF)
\ ® NN P\ el
F F = ® Cp,2Zr | |

~ CH,=CH-CH,
polyethylene —CH,~CH,Y)=— —(-(|3H-CH2 Ji— Polypropylene
CH;
act.. 135g/mmol[Zr]- h 2.2 kg / mmol [Zr] - h

(20°C, 1 bar) (70°C)



s=trans

AG*=21.5 keal/mol



Ethene Polyinerization

metallocene activator B/Zr activity
] | (AVZr)

[Me,Si(CsHa),]Zr(CoHg) - CB(CFs); 105 1550
[Me,Si(CsMeg)(N'BW]Zr(CsHe)*  B(CgFs)s 1.02 30
[Me,Si(CsMe)(N'Bu)ITi(CsHg)*  B(CgFs)s 1.03 390
[Me,Si(Ind),]Zr(CsHy) B(C4Fs); 1.24 2310
[Me,Si(3-Me-CsH3),1Zr(CsHe) B(CeFs)s 1.03 3370
[Me,C(CsH,)(Ind)]Zr(C,Hg) B(C¢Fs)s 1.21 340
[Me,C(CsH,)(Ind)]ZrCl, MAO 1065 410
[Me,C(CsH,)(Flu)1Zr(C4He) B(C¢Fs); 1.10 114
[Me,C(CsH,)(Flu)1ZrCl, MAO 1117 147

#l  at 40°C, activity in g polymer/mmol[Ti/Zr]-h-bar; * at 90°C




kchem’

AGGem
\)/\/\ © 7 o ky, AGIT]S
..... —_——
\ L BAI3 km(obs) AN \ L N B Ar3
1 ¥
Va k—l’ AGdiss t I
1(solv)? AGm(so /kr[M], AGI C’HZCH3
"o AR CH,CHCH; .
@ CH,CH,CH,CH,
op @ A CH,CH,CH=CH,
B Zr
— \ \ B






Stoichiometric 1-Butene (Propene) Insertion Reactions

AGtyem AGH  AAGH, kike AGH,

184 171 12 8 10.8
(17.3) (165 (07  (3) (109

14.9 13.2 1.7 31 106

190 165 25 8 97
Z ) : ‘ g
\\~E(CFy, R %/ (18.8) (164) (@24 @83 O
S €
|
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[B] = B(CqFs)s; *=SiMe, ‘




(selective)

(unselective)



ﬁ\a A~ B(CoFo):
| §/§ ’ l/\
ﬁ\@ o~ B(CoFo)
ll N~
ﬂ\a@ ~ o BICas

(HQ- )

%
RS

ll AN

chain transferl =

polypropylene

chain transfer
products:

O

Y\%\/B(CGFs)s

m/z = 607

©
va B(CeFs)s

m/z = 607 + 42 = 649

©
W‘WB(CSFS%

m/z = 607 + (n x 42)




conventional catalysts derived
metallocene catalysts from betaines

R
/
Cr.Zre BPh,
©
CH3B(CgFs)3

CH,~(AIMeO)"
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