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Introduction

• PKR is a useful methodology for constructing cyclopentenone 
skeletons.
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Schreiber
N-oxide promoter

[1990]

Nakamura
DFT study on mechanism

[2001]

P. L. Pauson & I. U. Khand
First PKR reported

[1971]

I. Wender
Fundamental work

[1954]

Magnus
First accepted mechanism

[1985]

History
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Selectivity Issue

• 8 possible products for asymmetric alkene and alkyne 
substrates
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General Mechanism
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• For sterically uneven alkyne: steric effect 

• For polarized alkyne: electronic effect

• Trans effect proposal: alkyne carbons have uneven trans 
effects on pseudoequatorial CO ligand and thus affect the 
regioselectivity.

Experimental Researches

13J. Am. Chem. Soc. 2001, 123, 5396-5400.



Nature of (alkyne)Co2(CO)6: Structure

14

• Lability
COeq > COax
Why?

[1] J. Am. Chem. Soc. 2001, 123, 5396-5400.
[2] J. Am. Chem. Soc. 1976, 98, 1774-1779.

Co
COpseqcispseqtransOC

COpsaxR R'CR CR'

OC CO

1a R = H
1b R = H
1c R = Me

R' = Me
R' = CO2Me
R' = CO2Me

• Co-CR bond type
Covalent?
Coordinate?



Nature of (alkyne)Co2(CO)6: Bonding

15

• Main orbital interaction: 
From bonding & nonbonding
combinations of dx

2
-y

2 to π* of alkyne

J. Am. Chem. Soc. 2001, 123, 5396-5400.

• CO lability difference:
Trans effect 



Trans Effect Proposal

• CO vacant position controls the regiochemistry of alkyne.

• But what if (alkyne)(alkene)Co2(CO)5 undergoes 
isomerization faster than alkene insertion?

16J. Am. Chem. Soc. 2001, 123, 1703-1708.



Mechanism Containing Isomerization 

• Curtin-Hammett principal is fit for the system.

Factors that affect the absolute energy of TS:
• Steric
• Electronic (How?)

17J. Am. Chem. Soc. 2001, 123, 1703-1708.



Electronic Effect

18J. Org. Chem. 2014, 79, 10999-11010. 



Electronic Effect

• The computed NBO charge differences (C2−C3) and (C1−C4) 
both correlate well with the results.

19J. Org. Chem. 2014, 79, 10999-11010. 



Weak Interactions

20J. Org. Chem. 2014, 79, 10999-11010. 



Conclusion

21

The energy differences between different TSs are usually no 
more than 3 kcal/mol.
Therefore, any small changes might alter the regioselectivity.



Regioselectivity for Alkene

• Polarized alkene:
Electronic effect dominant
Steric effect

22Tetrahedron Lett. 1999, 40, 5503-5506.
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Steric Control: Two Extremes

• Weak steric effect: poor selectivity

23Tetrahedron Lett. 1988, 29, 999-1002.

Extremely low barrier 
of alkene rotation 
makes it hard to 
control the 
regioselectivity of 
nonpolar alkene.

• Strong steric effect: poor yield



Chelating Group Strategy

24

Most favored

[1] J. Am. Chem. Soc. 1988, 110, 968-970.
[2] J. Org. Chem. 1992, 57, 5106-5115.
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Chiral Auxiliaries on Alkyne

26Tetrahedron Lett. 1990, 31, 7505-7508.

Product R*O- R Yield(%) Dr 

1a 

 

H 30 1.1:1 

1b 
 

H 38 3.2:1 

1c 
 

Me 28 1.2:1 

 



Conformational Control

27

trans bicyclo[3.3.0]

What if phenyl is replaced with a larger substituent?

Tetrahedron Lett. 1990, 31, 7505-7508.



Improvement

28

• More rigid bicyclo [2.2.1] skeleton 
• Tert-butyl group closer to Co

[1] J. Org. Chem. 1987, 52, 2919-2922.
[2] Tetrahedron Lett. 1990, 31, 7505-7508.



Chiral Auxiliaries on Alkene 

29

• A better dr value was obtained because more direct effect on 
alkene from phenyl .

J. Am. Chem. Soc. 1990, 112, 9388-9389.



Chiral Auxiliaries on Alkene 

30

• A dihedral angle C=C–S–O of ca. 0°in the most stable 
conformation. 

Enyne X Product Yield(%) Dr 

35a CH2 36a 50 >44:1 

35b CMe2 36b 65 >44:1 

35c C(CO2Et)2 36c 60 >44:1 

35d N(CO2tBu) 36d 60 >44:1 
 

J. Am. Chem. Soc. 1999, 121, 7411-7412.



Intermolecular Diastereoselective PKR

31

• Chiral auxiliaries strategy can still be adopted.

Tetrahedron Lett. 1994, 35, 575-578.



Chelating Group Strategy

32

Alkene Product Yield(%) Dr 

 
54 77 12:1 

 
55 82 24:1 

 56 91 13:1 
 

J. Org. Chem. 1998, 63, 7037-7052.



Chelating Group Strategy

33

Alkyne R Product Yield(%) Dr
74a Ph 75a 93 >800:1
74b TMS 75b 78 >800:1

74c Me 75c 55 318:1
76a 24 1.7:1

74d CH2OMe 75d 52 >800:1
76b 23 1.1:1

J. Am. Chem. Soc. 1997, 119, 10225–10226.



Heterobimetallic Strategy

34

Conclusion
• Make two cobalt atoms different.
• Avoid alkene rotation.

Org. Lett. 2002, 4, 1205-1208.
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From Nonchiral to Chiral
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Chiral N-Oxide Strategy
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Chiral N-Oxide Strategy

• Hydroxyl as directing group is essential.
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• S-Co bond cleavage directs alkene to certain place.
• Alkene insertion is restricted to particular position.

Chiral Bidentate (P, S) Ligand

39Adv. Synth. Catal. 2007, 349, 2121–2128.
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Summary

• All selectivity issues are determined in early steps in PKR.

• Conformational analysis is key to selectivity prediction!
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