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Why Cross Metathesis not used:

• Low catalyst activity to effect a reaction without an
enthalipic driving force (ring strain)
– Newer catalysts have been developed

• Low product selectivity for cross methathesis (lack of
a model)
– Current publication deals with this issue
– Predict when it can not be predicted

• Low selectivity in the olefin (E and Z)
– Seems to still be a problem if you want Z

Connon, S.J.; Blechert, S. Angew. Chem. Int. Ed. 2003, 42, 1900-1923.



Intro. to Cross Metathesis

• Three main variations
– a) cross-metathesis (only address)
– b) ring-opening cross-metathesis
– c) intermolecular enyne metathesis

Connon, S.J.; Blechert, S. Angew. Chem. Int. Ed. 2003, 42, 1900-1923.



General Mechanism

Sanford, M.; Ulman, M.; Gubbs, R.  J. Am. Chem. Soc. 2001, 123, 749-750.
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General Mechanism

Connon, S.J.; Blechert, S. Angew. Chem. Int. Ed. 2003, 42, 1900-1923.



Misc. Selectivity

Chelation Controlled CM O
H

One addition
Second addition

Proposed

Six member transition state
favored

Connon, S.J.; Blechert, S. Angew. Chem. Int. Ed. 2003, 42, 1900-1923.
BouzBouz, S.; Cossy, J. Org. Lett. 2001, 3(10), 1451-1454.



Misc. Selectivity

Reversibility of CM
Most stable thermodynamic
product formed by a
calculated value of 4.7
kcal/mole (MM2 force field).
This gives only the head-to-
tail CM dimerization product.

Schrock cat.
to 59a

head

Head-to-tail
head

tail

head

Connon, S.J.; Blechert, S. Angew. Chem. Int. Ed. 2003, 42, 1900-1923.
Smith, A.; Kozmin, S; Adams, C.; Paone, D.  J. Am. Chem. Soc. 2000, 122, 4984-4985.

Cat. 2

75- 85 %

77 %

Smith, A.; Adams, C.; Kozmin, S.  J. Am. Chem. Soc. 2001, 123, 990-991.



Propensity to Homodimerize

• Relative ability of an olefin to undergo
homodimerization was examined

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,

R1R1 + R3
R1

R3

Beyond this, there are olefins that deactivate the catalyst.



Type I, Statistical Distribution

Both Type I, Proposed Generalization

Both Type I or Type I dimer

In order to achieve > 80 % yield of the CM product, excess of the olefin is required.
Essentially non-selective

General Reaction Scheme

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,



Heterotypes

Type I and Type II

Type I and Type I

Type II dimer

Low Reactivity of Type II homodimers

O
OMe

2 eq.

[M]

Type I

Type II

Type I homodimers are reactive

Theoretical Product, Reaction very slow
Dimer made by another method.

Probably all homodimer

Type II and Type II

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,



Type I and Type II

Type I, homodimer

Type I

Type II

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,

With Cat. 1.



4o and Type I CM Partner

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,

Fully substituted allylic alcohols were not active with cat. 2.  They are also exclusive E
isomers which are the first examples of exclusively E of an alkyl system.



Further Reactivity

Comparing Type II and Type III

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,



1,1-Disubstituted Olefins

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,

With Cat. 1.

This table shows the ability to use Cat. 1 with a variety of functionality.

Type IType III

Type III



Type II and Type III

With Cat. 1.



Type II and Type III

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,

With Cat. 1.



Cross Metathesis of Styrenes

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,
Note: other catalysts were slow to homodimerize, but Cat. 1 was not.



Styrene with Acrylate Esters

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,



Styrene with Acrylate Esters

Sterics at the 2,6 positions important

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,



Chemoselective CM

Brummer, O.; Ruchert, A.; Blechert, S. Chem.-Eur. J. 1997, 3, 441
Feng, J.; Schuster, M.; Blechert, S. Synlett 1997, 129.



Chemoselective CM

Crowe, W. E.; Zhang, Z. J. Am. Chem. Soc. 1993, 115, 10998.

Cat. 3



Chelation/Three Component Olefin CM

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,

Ortho-substituted phenols

Phenol requires protection due to chelation with the catalyst.
O

[M]



Three Component Olefin CM

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,



The Proposed Rules (Guidelines)

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,



The Proposed Rules (Guidelines)

Low reactivity

Low reactivity

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,



Useful information

Chatterjee, A.; Choi, T.; Sanders, D.; Grubbs, R.  J. Am. Chem. Soc. XXXX, XXX,



Appendix A

Grubbs generation two preparation

Air and water tolerant complex

Scholl, M.; Ding, S.; Lee, C.; Grubbs, R.  Org. Lett. 1999, 1 (6), 953-956.



The End


