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The Novel: Olefin Polymerization and

Isomerization

The Characters:

Olefin Complexes
Metallocenes

Bent Metallocenes

Metal Hydrides and Alkyls
Alkyl Insertion Reactions
Beta-H Elimination Reactions
Stereoregular Catalysis
Asymmetric Catalysis
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History: Olefin to Metal Binding
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TABLE 8.5 Average Bond Lengths for Some 5ingle, Double,

and Triple Bonds

Bond Bond Length (A) Bond Bond Length (A)
{— 1.54 MN—N L4y
(= 1.54 =N 1.24
= 1.20) N=M 1.10)
{—X 1.435 N—O) 1.36
(=N 1.38 N=() 1.22
=N 1.1
(L 1.45%
{0 1.435 (=) 1.21
(=) 1.23
=0 1.13
ITI 1.38 A
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Ethylene Complex vC=C

(cm-1)
Free Ethylene 1623
[Ag(H,C=CH,),1* 1584
Fe(CO)4(H,C=CH,) 1551

[Re(CO)4(H,C=CH,),]* | 1539

[CPFe(CO),(H,C=CHy)+ | 1927

Pd5Cly(H2C=CH;); 1525
[PtCI3(H,C=CH,)]- 1516
CpMn(CO),(H,C=CH,) 1508
Pt,Cl4(H2C=CHy), 1506
CpRh(H,C=CH,), 1493

All are lower. Why?

Propose a structure for the Rh complex.. And the others as well! . .



Chelating diolefins

A
M

norbomadiene
complex

1
v
Ay —
Al
Ay s
Y a

trrn

| -

M
-

cyclooctadiene
complex

PF,”

‘|||\\‘C|fh.

\le

Rh

]




18-electron

16-electron

General form

18-electron

18-electron

5l
=Y
.IW..,
&




Butadiene and its interactions with d orbitals
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Shriver, Weller, etc. 6t ed.




Butadiene and its interactions with d orbitals
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cyclobutadiene and its interactions with d orbitals
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Figure 22.7* The molecular orbitals of the & system in cyclobutadiene; also shown are metal d orbitals of appropriate symmetry
to form bonding interactions.

Shriver, Weller, etc. 6t ed.



Benzene and d-orbital interactions (as in bis-benzene Chromium(0)
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Orbital overlaps in cyclopentadienide
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Figure 22.10* The molecular orbitals for the m systems of the cyclopentadienyl~ group; also shown are metal
d orbitals of appropriate symmetry to form bonding interactions.



Electronic structure and properties of the Cp,M"
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Metallocenes across the periodic table

Cp,V

Cp,Cr

purple
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d count 15
# unpaired 3
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Ferrocene is a very useful molecule:

RCOCI or (RCO),0

AlICl; catalyst, reflux
anhydrous conditions

Friedel-Crafts O

Acylation ||/\
_C
R™+Cl ¥ AICI
5-

P
Hi I_'_':‘.

Fe +[cH3f:c=]+—- Fe "H*—> e

& @ &




Lithiation of ferrocene:
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Figure 22.10* The molecular orbitals for the t systems of the cyclopentadienyl- group; also shown are metal
d orbitals of appropriate symmetry to form bonding interactions.



Pyrazolyl borate: A Cp wannabee or Trofimenko’s scorpionate ligand



Transitioning to bent metallocenes
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Figure 1. Interaction diagram for a Dsg metallocene. The frontier or-

bitals are in the box.
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Figure 2, CpaM orbitals as a function of the bending angle #, Bending
is from an eclipsed Dsy form, but the labels at left are given for both
Dsy and Dsj, peometries.

Walsh Diagram/Correlation Diagram

Structure and chemistry of bis(cyclopentadienyl)-MLn complexes
Lauher, J. W.; Hoffmann, R., J. Am. Chem. Soc., 1976, 98, pp 1729-1742



136°. From top to bottom: 2a,, by,

laj. Solid line = positive and dashed line = negative contour of the

wave function. The contours are at intervals of 0.02,

Figure 3. Contour diagram, in the yz plane, of the three important

Cp:M orbitals, computed at 8



Bent Metallocenes
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Bent Metallocenes as Pro-Catalyst for Olefin Polymerization
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Helmut G. Alt, Erik H. Licht, Andrea I. Licht, Katharina J. Schneider
Metallacyclic metallocene complexes as catalysts for olefin polymerization
Coordination Chemistry Reviews, Volume 250, Issues 1-2, 2006, 2-17

http://dx.doi.org/10.1016/j.ccr.2005.01.016



Mechanism of Olefin Polymerization???

@\ CH MAO
Zr< ;
CH
4
]

MAO
G =l
\. _Cl & Ct HaC ;Mo 4 CzHs

e | x=mao |” ——

ZrZ  + MAQ —> zZZ _  +  CA—0+imao Zr—CHa
% e % sl - \ ! %
X = CHa, CI

3

1 2 3 5
+ + .
@\ /CH3 @ nCQH4 &
= Zl",' — ZI-CHECHQ—CHQ Zr-{'CHQCHz")'CHg
L7 =, et —
6 7.n=1 7.n=23..n

+

CHCH;—CHa ZIr=H —— Zr—./-CHZCHz—-)H
788 X % — Qé \ n
8 B 10,n=1,2...n

Scheme 13. Proposed mechanism of Ziegler-Natta polymenzation of C,H, using the homogenous catalyst Cp,ZrCL/MAO.



Metallacycles from Bent Metallocenes
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Helmut G. Alt, Erik H. Licht, Andrea I. Licht, Katharina J. Schneider
Metallacyclic metallocene complexes as catalysts for olefin polymerization
Coordination Chemistry Reviews, Volume 250, Issues 1-2, 2006, 2-17
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What is the structure of (CsHs)Fe(C€O),?

Is there an Fe analogue to the bent metallocene? No.
Ring Whizzing in Cp complexes—a part of the history of
F. Albert Cotton

Ha



