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Importance of C-C Bond Activation

- Utilization of Hydrocarbons

- Polymer Chemistry

- Petroleum Industry

- Another Tool f or Functionalization



C-C Bond Activation
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Transition Metal Catalyzed C-C 
Activation

C C M+ C M C
Oxidative

Addition

- Breaking of Carbon-Carbon σ -Bond
- Utilization of Ring Strain
- Chelation Assistance
- β - Alkyl Elimination
- Aromaticity
- Forced Proximity



C-H vs.C-C Activation

M

C H

σ orbital

M

C C

σ orbital

- C-H lower activation barrier (~14-20 kcal/mol)

- C-H bond more accessible
- steric interactions
- orbital overlab

- Relative abundance of C-H bonds

Murakami, M.; Ito, Y. , in Topics in Organometallic Chemistry, 1999, p. 99



First Example of C-C Bond Activation 
by Transition Metal Insertion
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Tipper, C. H. F. J. Chem. Soc. 1955, 2045
Adams, D. M.; Chatt, J. J. Chem. Soc.1961, 738
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Effects of Substituents

PtCl2 PtCl2
pyridine Pt

Cl

Cl

py

py
R R

R

McQuillan, F. J.; Powell, K. G. J. Chem. Soc. 1972, 2103

R = nC6H13 > PhCH2 > Ph > o-NO2C6H4
- Decreasing Reactivity -

R = CN, COMe, CO2Me
- No Reaction -



Aromatization

Crabtree, R. H.; Dion, R. P. Chem. Comm. 1984, 1260

Me Me

tBu

Me Me

[Ir]SbF6

Me

[Ir]SbF6

Me[IrH2(Me2CO)2(P(p-FC6H4)3)2]SbF6
145 oC, 18h

quant.

- Driving Force is Aromaticity

- Stoichiometric Reaction
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Regioselective Isomerization & 
Hydrogenation
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Bart, S. C.; Chirik, P. J. J. Am. Chem. Soc. 2003, 125, 886-887
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[3+1] Cycloaddition

Kurahashi, T.; de Meijere, A. Angew. Chem. Int. Ed. 2005, 44, 7881-7884.
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E/Z 98:2
80 % yield



[3+2] Cycloadditions

Nakamura, I.; Oh, B. -H.; Saito, S.; Yamamoto, Y. Angew. Chem. Int. Ed. 2001, 40, 1298
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Heck-Type Reactions

Brase, S.; de Meijere, A. J. Organomet. Chem. 1999, 576, 88

E
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Pd(OAc)2 (5 mol%)
PPh3 (10 mol%), NEt3

DMF, 100 oC, 12 h

72 %
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[5+2+1] Cycloaddition

Wender, P. A.; Gamber, G. G.; Hubbard, R. D.; Zhang, L. J. Am. Chem. Soc. 2002, 12, 2876-2877
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[5+1] Cycloaddition

Kurahashi, T.; de Meijere, A. Synlett 2005, 2619-2622.
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Cross Carbonylation

R = Et
Pr
Pr
-(CH2)6-

R' = Pr
Bu
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Yield (%)
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Kondo, T. K.; Kaneko, Y. K.; Taguchi, Y.; Nakamura, A.; Okada, T.; Shiotsuko, M.;
Ura, Y.; Wada, K.; Mitsudo, T. J. Am. Chem. Soc. 2002, 124, 6824
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Hydrogenolysis of Cyclobutanones
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Murakami, M.; Amii, H.; Shigeto, K.; Ito, Y. J. Am. Chem. Soc. 1996,118, 8285-8290
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Hydrogenolysis of Cyclobutanones

Murakami, M.; Amii, H.; Shigeto, K.; Ito, Y. J. Am. Chem. Soc. 1996,118, 8285-8290
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Ligand Effects
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Murakami, M.; Itahasi, T.; Amii, H.; Takahashi, K.; Ito, Y. J. Am. Chem. Soc. 1998, 120, 9949-9950
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Ligand Effects
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Another Example of Ligand Effects

O

Murakami, M.; Itahashi, T.; Ito, Y. J. Am. Chem. Soc. 2002, 124, 13976-13977

Me

O

51 %

5 mol% [Rh(nbd)dppe]PF6

10 mol% BHT, m-xylene
140 oC, 12 h

5 mol% [Rh(nbd)dppp]PF6

10 mol% BHT, m-xylene
135 oC, 90 min

O
81 %

5 mol% [Rh(nbd)dppb]PF6

10 mol% BHT, m-xylene
140 oC, 3 h Me

93 %



Another Example of Ligand Effects
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Lactone Formation 

Murakami, M.; Tsuruta, T.; Ito, Y. Angew. Chem. Int. Ed. 2000, 39, 2484-2486
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β-Alkyl Elimination of Strained 
Molecules
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Murakami, M.; Takahashi, K.; Amii, H.; Ito, Y. J. Am. Chem. Soc. 1997, 119, 9307-9308
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Intermolecular Alkyne Insertion

Murakami, M.; Ashida, S.; Matsuda, T. J. Am. Chem. Soc. 2005, 127, 6932-6933

Murakami, M.; Ashida, S.; Matsuda, T. J. Am. Chem. Soc. 2006, 128, 2166-2167
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Asymmetric Arylation

H

Ph

Ph

OPdPhLn Ph

Ph

O

LnPhPd

Matsumura, S.; Maeda, Y.; Nishimura, T.; Uemura, S. J. Am. Chem. Soc. 2003, 125, 8862-8869
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Reactions of Cyclobutenones
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Kondo, T.; Taguchi, Y.; Kaneko, Y.; Niimi, M.; Mitusdo, T. Angew. Chem. Int. Ed. 2004, 43, 5369-5372
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Et

76 %

[RhCl(CO)2]2 (5 mol%)

PhMe, 110 oC
under CO (30 atm)
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Formation of Nitriles from o-Acyl 
Oximes

N
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C N
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Nishimura, T.; Uemura, S. J. Am. Chem. Soc. 2000, 122, 12049-12050
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Deallylation of Homoallyl Alcohols
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Kondo, T.; Kodoi, K.; Nishinaga, E.; Okada, T.; Morisaki, Y.; Watanabe, Y.; Mitsudo, T.
J. Am. Chem. Soc. 1998, 120, 5587-5588
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Oxidative Alkynylation of Alkenes
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Nishimura, T.; Araki, H.; Maeda, Y.; Uemura, S. Org. Lett. 2003, 5, 2997-2999
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Csp2- Csp2 Coupling

Terao, Y.; Nomoto, M.; Satoh, T. Miura, M.; Nomura, M. J. Org. Chem. 2004, 69, 6942-6944
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Multiple Arylation
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Wakui, H.; Kawasaki, S.; Satoh, T.; Miura, M.; Nomura, M. J. Am. Chem. Soc. 2004, 126, 8658-8659.



C-C Bond Activation of Alcohols
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Jun, C.-H.; Lee, D.-Y.; Kim, Y.-H.; Lee, H. Organometallics, 2001, 20, 2928-2931



Competition Between C-C Bonds
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Pincer Type Ligands

Liou, S. -Y.; van der Boom, M. E.; 
Milstein, D. Chem. Comm. 1998, 687-688
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Chelation Assistance
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Chatani, N.; Ie, Y.; Kakiuchi, F.; Murai, S. J. Am. Chem. Soc. 1999, 121, 8645-8646
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Biphenylene
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Ph Ph
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CO2nBu

Pd(PPh3)4

O

CO
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Perthuisot, C.; Edelbach, B. L.; Zubris, D. L.; Simhai, N.; Iverson, C. N.; Müller, C.;
Satoh, T.; Jone, W. D. J. Mol. Catal. A: Chem., 2002, 189, 157-168



Summary

- C-C Bond Activation
- Possible with Highly Reactive Molecules

- Potential
- Asymmetric Reactions
- Functionalization of Alkanes
- Synthesis of Interesting Molecules

- Problems to Overcome
- Harsh Reaction Conditions
- Undef ined Active Catalyst
- Limited Substrate Scope




