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Cobalt as environmental and economical friendly alternative
to second-row TM such as Pd, Ru and Rh

Remarkable progress in Co-cat. C-H activation 
in the last 3 years

Remaining challenges: 

Improve catalyst turnover
Broaden substrate scope
Develop better directing groups

Latest devellopments: Cheng and al. Angew. Chem. Int. Ed. 2016, 128, 1876; Ellman and al. J. Am. Chem. Soc. 2015, 137, 490; Chang and al. Angew. 
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This work

First Lewis acid promoted Co-cat C-H bond activation of imines with diazo compounds
First synthetic method towards isoquinoline-3-ones through C-H bond activation

NH imines as the most atom-economic directing group
No prefunctionalization or additional deprotection

Problems: 
Imines are easily hydrolyzed

Can undergo nucleophilic addition
Possible side reactions with the metal

Imine/enamine tautomerization may alter the chelation abillity
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Condition screening

A base increased the yield

B(C6F5)3 is the best Lewis acid

AgSbF6 is actually not necessary

TFE is the best solvent

[Cp*Co(CO)I2] is the best catalyst
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Regioselectivity when R is in ortho and meta positions

« Variation of R1 and diazo compound had little effect
on the reaction efficiency «

Is it really the case ?
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Reaction scope - N-substituted imines and diazo

EDG and EWG are tolerated on the aryl moiety

X-ray structure
of 4c

4h important scaffold of natural compounds
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Reaction study
Stability of the imine

Study of the decomposition without diazo:

Decomposition over time
Slower decomposition with B(C6F5)3 than AgSbF6

Conclusion: Increased reaction rate to achieve high yields

Kinetic study

Significant Rate enhancement with B(C6F5)3

High reactivity and role of B(C6F5)3 of are still ambiguous
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Reaction study

Deuterium incorporation

Diazo decomposition

Better deuterium incorporation with B(C6F5)3 than AgSbF6

32% under optimized conditions

C-H activation is reversible

Decomposition of diazo compound / Formation of the carbene

Accelerated with B(C6F5)3
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Reaction study

Abstraction of iodide from the Co cat.

Borate anion is formed
Iodide abstraction from the Co cat.
Detected by 11B NMR

Conclusion: Generation of catalytically active cationic
CoIII species facilitated

Kinetic isotopic effects

kH / kD = 1.1

Conclusion: CH bond cleavage is likely not the 
rate determining step



Mechanism

1) Active cationic CoIII is generated



Mechanism

1) Active cationic CoIII is generated

2) A reversible C-H bond cleavage forms cobaltacycle II



Mechanism

1) Active cationic CoIII is generated

2) A reversible C-H bond cleavage forms cobaltacycle II

3) Reaction with the diazo forming the Co-carbene III



Mechanism

1) Active cationic CoIII is generated

2) A reversible C-H bond cleavage forms cobaltacycle II

3) Reaction with the diazo forming the Co-carbene III

4) Migratory insertion to give IV



Mechanism

1) Active cationic CoIII is generated

2) A reversible C-H bond cleavage forms cobaltacycle II

3) Reaction with the diazo forming the Co-carbene III

4) Migratory insertion to give IV

5) Rearrangement to give V



Mechanism

1) Active cationic CoIII is generated

2) A reversible C-H bond cleavage forms cobaltacycle II

3) Reaction with the diazo forming the Co-carbene III

4) Migratory insertion to give IV

5) Rearrangement to give V

6) Nucleophilic addition to the ester carbonyl to form VI



Mechanism

1) Active cationic CoIII is generated

2) A reversible C-H bond cleavage forms cobaltacycle II

3) Reaction with the diazo forming the Co-carbene III

4) Migratory insertion to give IV

5) Rearrangement to give V

6) Nucleophilic addition to the ester carbonyl to form VI

7) Elimination of the methoxy and proton transfert
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Conclusion

Development of a CoIII catalyzed C-H activation of imines with diazo compounds

First example of an expedient method to access isoquinolin-3-ones

Broad substrate scope and good functional-group tolerance

Catalytic B(C6F5)3 improved reaction efficiency

Instable imines could serve as directing groups

This newly developed CoIII/ B(C6F5)3 cooperative catalytic system could allow new transformations








