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Activation of phenolic C-O bond 

Nickel-Catalyzed Cross-Coupling Reactions  



Nickel 
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• derived from mischievous spirit of German miner mythology 

Nickel who represeented the fact that copper-nickel ores 

resisted the refinement into copper 

 

 

 

 

•Nickel is one of the 4 ferromagnetic elements at rt (iron, 

cobalt, gadolinium), alnico permanent magnets in strentgh in 

between iron magnets and rare earth metal magnets 

 

 

 

 

• consumption: 68 % stainless steel, plating, electrodes,… 

 

•Recently: battery industry 

 

•Money: 50p coin 75% copper, 25 % Nickel 

 

 

 

 



Nickel 
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Catalysis 



Nickel 
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•Isolated 1751, Cronstedt 

 

 

•1912: Nobel prize Sabatier, ethylene hydrogenation 
Ni/H2 

 

•Wilke: seminal contributions, reactions known: 
allylation, oligomerisation, cycloisomerisation, red. 
coupling  

 

•abundance: 0.009%  Pd 6.3 x 10^-7  

 

•Ni: 1.91, Pd 2.20 

 

•Price: ~2000x cheaper than Pd 

 

•Ni: electron rich: oxidative addition fast, red. El slow, 
Ar-O, Ar-CN, Ar-F viable 

 

•Ready back donation into olefins (d π*) 

 

•Beta hydride elimination slow compared to Pd 

 

  

 

Accc .Chem. Res,, 2010, 1486 



Structure 
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1. Hard nucleophiles 

 

2. Boronic acids 

 

3. Reductions & mechanistic discussion 

 

4. Outlook 

 
 

 

 



The Beginning 

5 

• allyllic C-O insertion known since 1977 Swierczewski 

 

 

 

 

•activation of C(sp2)-O: 

• Wenkert, 1979 

 

 

 

• Wenkert, 1984 

 

 

 

 

• Kumada, 1981 

 

 

J. Organomet. Chem., 1977,, 371 

JACS, 1979, 2246 

JOC, 1984, 4894 

TL, 1980, 3915 



The Beginning 
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• Dankwardt, 2004 

 

 

 

 

 

 

  

 

ACIE, 2004, 2428 



Extension to Methyl 
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• Shi, 2008 

 

 

 

 

 

 

 

 

 

 

 

 

 

             1.2 eq of MeMgBr 

 

 

 

 

 

 

 

  

 

Chem Comm, 2008, 1437 



Extension to Aryl-Silyl-Ethers 
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• Shi, 2011 

 

 

 

 

 

 

 

 

 

80°C 

 

 

 

110 °C 

 

 

 

 

 

 

 

  

 

CL, 2011, 1001 

„The π-problem“ 
Tobisu, Chatani 



Introducing NHC Ligands 
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OL, 2012, 4318 

• Prieto, Nicasio, 2012 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



NHC Ligands – An Example 
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 • Tobisu, Chatani, 2015 

 

 

 

 

 

 

  

 

OL, 2015, 4352 



Alkynyl-Grignards 
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• Tobisu, Chatani, 2015 

 

 

 

 

 

 

  

 

OL, 2015, 680 



Very Low Temperature Process 
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• Martin, 2013 

 

 

 

 

 

 

  

 

OL, 2013, 6298 



Mixed NHC-Phosphine-Ligand 
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• Sun, 2015 

 

 

 

 

 

 

  

 

Organometallics, 2015, 5792 



You’re nickel’d pal! 
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• Shi, 2010 

 

 

 

 

 

 

  

 

ACIE, 2015, 5792 



Metals – How far can you push it 
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• Rueping, 2014 

 

 

 

 

 

 

  

 

ACIE, 2014, 12912 



Metals – How far can you push it 

16 

 
• Feringa, 2016 
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Metals – How far can you push it 
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• Tobisu, Chatani, 2015 
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Metals – How far can you push it 
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• Schoenebeck, Rueping, 2016 

 

 

 

 

 

 

  

 

ACIE, 2016, 6093 



Metals – How far can you push it 
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• Uchiyama, 2012 

 

 

 

 

 

 

  

 

CEJ, 2012, 3482 



Metals – How far can you push it 
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• Shi, 2008 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

•3 eq ArZnCl 

 

 

   

 

ACIE, 2008, 10124 



Structue 
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1. Hard nucleophiles 

 

2. Boronic acids 

 

3. Reductions & mechanistic discussion 

 

4. Outlook 

 
 

 

 



Boron 
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• Percec, 2004 
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Boron 
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• Garg, 2008 

 

 

 

 

• Shi, 2008 

 

 

 

 

•Garg, 2009 

 

 

 

 

 

 

 

JACS, 2008, 14422 

JACS, 2008, 14468 

JACS, 2009, 17748 



DOM and beyond 
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• Snieckus, 1992 

 

 

 

 

 

•Snieckus, 2009 

 

 

 

 

 

•Garg, 2012, 2918 

 

 

 

 

 

 

 

 

 

JOC, 1992, 4006 

JACS, 2009, 17750 

OL, 2012, 2918 



Ligands 
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• Chatani, 2008 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ACIE, 2008, 4866 
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Leaving groups 
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• Percec, 2012 

 

 

 

 

 

 

  

 

JOC, 2012, 1018 



Silylation 
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• Martin, 2014 

 

 

 

 

 

 

  

 

JACS, 2014, 1062 



Borylation 
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• Martin, 2015 

 

 

 

 

 

 

  

 

JACS, 2015, 6754 



Quiz 

29 

 

A When heating o-Bromonitrobenzene 
with finely dispersed copper powder, 
one noticed that the latter lost its shine 
and got converted into a flat, grey mass. 
Upon work-up it became apparent that 
most of the copper got converted into 
cuprous bromide... 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C This study presents a simplified route 
predicated on simple C−H 
functionalization logic that is enabled by a 
Cu-mediated oxidative phenol coupling 
that mimics the putative biosynthesis. 
This operationally simple macrocyclization 
is the largest of its kind and can be easily 
performed on gram scale 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B In a study on 
Cyclopentadienequinone Albrecht 
reports the addition of 
cyclopentadiene to p-quinone. The 
resulting compounds which he names 
“Cyclopentadienequinone” and “Di-
Cyclopentadienequinone” are assigned 
the following structural formula. 

 

 

 

D Pyridinium chlorochromate, 
C5H5NHCr03Cl, a readily available, stable 
reagent, oxidizes a wide variety of 
alcohols to carbonyl compounds with high 
efficiency. It is easily and safely prepared 
by the addition of pyridine to a solution of 
chromium Rioxide in 8 g HCl followed by 
filtration to obtain the yellow-orange, air-
stable solid.  

 

 



What is known about other metals 
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1. Hard nucleophiles 

 

2. Boronic acids 

 

3. Reductions & mechanistic discussion 

 

4. Outlook 

 
 

 

 



Reduction with H2 
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• Hartwig, 2011 

 

 

 

 

 

 

 

 

 

 

 

•Agapie, 2012 

 

 

 

 

 

   

Science, 2011, 439 

JACS, 2012, 5480 



Reduction with H2 

32 

 
• Hartwig, 2012 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Hartwig, 2016 

•Ni/C at 180 °C much higher performanc 

 

  

JACS, 2012, 20226 

ACIE, 2016, 1474 



Reduction with Silane 
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• Martin, 2010 

 

 

 

 

 

 

 

 

• Tobisu, 2011 

 

  

 

 

 

 

 

 

  

JACS, 2010, 17352 

Chem Comm, 2011, 2946 



Mechanism of Silane Reduction 
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• Martin, 2013 

 

 

 

 

 

 

  

 

JACS, 2013, 1997 



Mechanism of Silane Reduction 
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• Martin, 2013 

 

 

 

 

 

 

  

 

JACS, 2013, 1997 



Mechanism of Silane Reduction 
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• Martin, 2013 

 

 

 

 

 

 

  

 

JACS, 2013, 1997 

[Ni(PCy3)2]2N2 



Mechanism of Silane Reduction 
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• Martin, 2013 

•Problem: no conversion until silane added 

•Isotope labeling: σ bond metathesis faster than β hydride elimination (labeled both silane and 
Me) 

•No KIE Et3Si-H/ Et3Si-D Si-H not irreversibly cleaved during rds 

 

 

 

 

 

 

 

 

  

 

JACS, 2013, 1997 



Mechanism of Silane Reduction 
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• Martin, 2013 

•Induction period by FTIR 

• 29Si: only Et3SIH signal  paramagnetic species present? 
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Mechanism of Silane Reduction 
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• Martin, 2013 

 

 

 

 

 

 

  

 

JACS, 2013, 1997 



Mechanism of Silane Reduction 
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• Martin, 2013 
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Very Active Ligand 
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• Nakamura, 2009 

 

 

 

 

 

 

  

 

JACS, 2009, 9590 



Very Active Ligand 
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• Nakamura, 2009 
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Very Active Ligand 
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• Nakamura, 2009 

 

 

 

 

 

 

  

 

JACS, 2009, 9590 



Very Active Ligand 
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• The Pi Problem 

 

 

 

 

 

 

• Nakamura, 2009 
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Very Active Ligand 
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•  Nakamura, 2009 
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Mechanism with Boron 
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• Liu, 2009 
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Bisphosphine or Monophosphine 
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• Liu, 2009 

 

 

 

 

 

 

  

 

JACS, 2009, 8815 



Mechanism with Boron 
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• Liu, 2009 
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Mechanism with Boron 
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• Liu, 2009 
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Ni vs Pd 
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• Liu, 2009 
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Where does the Phosphine insert? 
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• Houk, 2014 

 

 

 

 

 

 

 

 

 

• Liu, 2009 
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Mechanism with Grignard 
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• Wang, Uchiyama, 2015 
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Nickel-ate complex 
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• Wang, Uchiyama, 2015 
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Nickel vs Palladium 
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• Wang, Uchiyama, 2015 
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What is known about other metals 
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1. Hard nucleophiles 

 

2. Boronic acids 

 

3. Reductions & mechanistic discussion 

 

4. Outlook 

 
 

 

 

 



Ruthenium 
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• Kakiuchi, 2006 

 

 

 

 

 

 

•Snieckus, 2014 
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JACS, 2014, 11224 



Rhodium 
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• Tobisu, Chatani, 2015 
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Cobalt 
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• Ackermann, 2012 
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Iron 
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• Shi, 2009 
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Chromium 
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• Zeng, 2015 

 

 

 

 

 

 

  

 

JACS, 2015, 14367 



Yttrium 
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• Carpentier, Kirillov, 2016 
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Conclusion 
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C-O bonds are „inert“ according  

to at least 120 papers 
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