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Lecture 4 and 6



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



History:  Olefin to Metal Binding

Influences of Metal Oxidation State and of Olefin on Bonding
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All are lower.   Why?

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



Chelating diolefins

Ni(COD)2





Butadiene and its interactions with d orbitals 

Shriver, Weller, etc.  6th ed.



Butadiene and its interactions with d orbitals 

Shriver, Weller, etc.  6th ed.



Shriver, Weller, etc.  6th ed.

cyclobutadiene and its interactions with d orbitals 



Benzene and d-orbital interactions (as in bis-benzene Chromium(0)





Orbital overlaps in cyclopentadienide





16

Electronic structure and properties of the Cp2Mn

http://www.ilpi.com/organomet/cp.html

VCp2 CrCp2 MnCp2

FeCp2 CoCp2 NiCp2

18 Valence e-, Closed shell

Diamagnetic
Thermally and air stable
Reversible Fe2+/Fe3+ potential

4p
a2u, e1u

4s
a1g

3d

a1g, e1g, e2g

e1u

a1g

e2g

a2u

e2u

e1u

a1g

e2g

e1u

e1g

a1g

a2u

e2g, e2u

e1g, e1u

a1g, a2u

TM 2Cp



Cp2V Cp2Cr Cp2Mn Cp2Fe Cp2Co Cp2Ni

Color purple red amber orange purple green

m.p. 162 172 193 173 173 173

d count

# unpaired

15

3

16

2

17

5/1*

18

0

19

1

20

2

M-C distance

(Angstroms)
2.28 2.17 2.38 2.06 2.12 2.20

*Exists in both high and low spin states 
in thermal equilibrium

Metallocenes across the periodic table

http://www.ilpi.com/organomet/cp.html#cp2mn


Friedel-Crafts 
Acylation

Ferrocene is a very useful molecule:



Lithiation of ferrocene:





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



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

Transitioning to bent metallocenes

Walsh Diagram/Correlation Diagram





Bent Metallocenes

Ansa Metallocenes

Coordination Chemistry 
Reviews

Volume 250, Issues 1–2, 
January 2006, Pages 242–258

Metallocene Complexes as 
Catalysts for Olefin 
Polymerization



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

What is MAO?

Bent Metallocenes as Pro-Catalyst for Olefin Polymerization



Mechanism of Olefin Polymerization???



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

Metallacycles from Bent Metallocenes



What is the structure of (C5H5)2Fe(CO)2? 
Is there an Fe analogue to the bent metallocene? No.
Ring Whizzing in Cp complexes—a part of the history of
F. Albert Cotton


