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Early Development 

 First report of benzoin condensation by Wohler and Liebig 

    in 1832 

 Mechanism proposed by Lapworth  in 1903 



Early Development 

 1943: Ugai discovered that thiazolium salts could replace CN- in benzoin condensations  

A variety of other thiazolium compounds were also found to be effective catalysts 



Early Development 

 1954: Mizuhara discovered that thiamine could catalyze many reactions that also been      

observed in biological systems 

 The thiazolium moiety of thamine is responsible for the catalytic activity 



Early Development 

 Robert H. Grubbs 

Steven C. Zimmerman 

 Reactions catalyzed by thiamine (Vitamin B1) enzymes such as pyruvate   

decarboxylation and benzoin condensations were considered as the most 

“mysterious” chemical transformations. 

 Breslow discovered that the C-2 proton of the thiazoliums exchanges rapidly 

with deuterium 



Early Development 

1958: Breslow proposed the mechanism for the thiazolium catalyzed benzoin condensation 



Early Development 

Prior to 1960, chemists thought that carbenes were too reactive to be isolated in a  

stable form, which thwarted widespread efforts to investigate carbene chemistry. 

 
Perhaps true for many carbenes, but proved to be inaccurate for N-heterocyclic carbenes. 

Ofele isolated a chromium NHC complex in 1968  

Sublimes at 80 oC 

Decomposes to Cr(CO)6 over 175 oC 

Soluble in alcohol, CCl4, petroleum ether 

Insoluble in H2O  

J. Organomet. Chem. 1968, 42. 



Early Development 

Wanzlick isolated a mercury NHC complex in 1968, 550 km away from Ofele  

Angew. Chem. Int. Ed. 1968, 7, 141. 

Advancing the NHC ligand in Organometallic Chemistry remained inactive  

for more than 23 years until...!!! 



Early Development 

In 1991 Arduengo isolated the first stable, crystalline carbene 

Thermally stable carbene form due to steric and electronic effects  

steric effect electronic effect 

Stability of the carbenes can be attributed more to electronic factors than sterics! 



Early Development 

Other stable carbenes isolated following the Arduengo’s work 



Magic Power of NHCs 

NHCs are exceptionally good δ-donors to form strong metal–carbon bonds, 

they behave like classical 2e- donor ligands. 
M-NHC bonds are longer (>210 pm) than Fisher- and Schrock- type carbenes (<200 pm) 

Compared to phosphines, NHCs form complexes that: 
 Easy to prepare (in situ formation of NHCs) 

 Show better air and thermal stability 

 More catalytically active (100~1000 times) 

 Various synthetic methods for ligand design 

"...in general [NHCs] behave as better donors than the best phosphane donor ligands 

with the exception of the sterically demanding (adamantyl) carbene.“ - S. P. Nolan 
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Structure Versatility of NHCs 



Polymerizations 

Sonagashira Couplings 

Olefin Metathesis 

Kumada Couplings 

Stille Couplings 

Important Catalytic Processes by NHCs 



Synthesis of NHCs 

Symmetric N-Substitution 

Unsymmetric N-Substitution 



Synthesis of NHCs 

Unsymmetric N-Substitution 



NHC-M Complex for Catalysis 



Angew Chem Int Ed 1995, 34, 2371. 

First work using metal-NHC complexes in homogeneous catalysis. 

NHC-M Complex for Catalysis 



NHC-M Complex for Catalysis 

NHC bearing Grubbs’ 2nd generation catalyst has 1000 times greater affinity 

for the alkene substrates, resulting in higher activity than phosphine  

coordinated 1st generation catalyst. 

J Am Chem Soc 2001, 123, 6543. 



NHC-M Complex for Catalysis 

Ru complexes with unsymmetrical N-admantyl substituted ligand show high Z-selectivity 

in cross-metathesis reactions, while previous reports only get E-seletivity. 

J Am Chem Soc 2013, 135, 10183. 

The steric environment in this catalyst is fixed by  

a key sp3- C-H activation at the adamantyl group,  

which leads to the high Z-selectivity.  



NHC-M Complex for Catalysis 

Easy to make catalysts 

The electron richness of NHCs can lead to improved  

oxidative addition while reductive elimination can  

benefit from the steric bulkiness of the NHC. 



NHC-M Complex for Catalysis 

Chiral NHCs for Enantioselective Catalysts 

Adding Chirality on the N of the NHC 



NHC-M Complex for Catalysis 



NHC-M Complex on Heterogeneous Surfaces 
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NHC-M Complex on Heterogeneous Surfaces 

Angew Chem Int Ed 2010, 49, 7786 



NHC-M Complex on Heterogeneous Surfaces 

Angew Chem Int Ed 2011, 50, 12080 



JACS 2015, 137, 7974. 

NHC-M Complex on Heterogeneous Surfaces 



NHC-M Complex on Heterogeneous Surfaces 



NHC-M Complex on Heterogeneous Surfaces 



NHC-M Complex on Heterogeneous Surfaces 



NHCs enable the preparation and characterization of various unknown species featuring 

 p-block species in unconventional forms 

NHCs Coordinate to p-Block Elements  



NHCs Coordinate to p-Block Elements  



Science 2008, 321, 1069. 

NHCs Coordinate to p-Block Elements  



Stabilizing power. Carbenes with their nonbonding electrons in the same orbital (the 

spin-paired singlet state) act as nonoxidizing two-electron donors toward Si2 and C1 

units, as indicated by the observed geometry of compounds 1 and 2, versus more 

classical Lewis structures 1’ and 2’, which are not observed. Both the silicon and 

central carbon centers of 1 and 2 possess one and two electron pairs, respectively, 

and are in the zero oxidation state. Carbene-induced transformations of white 

phosphorus (3) into novel P4 (4) and P12 (5) clusters illustrate the broad applicability 

of carbenes in the stabilization of artificial main-group-element allotropes. (Dipp, 2,6-

diisopropylphenyl; carbon, gray; silicon, green; nitrogen, blue; phosphorus, orange.) 

NHCs Coordinate to p-Block Elements  



NHCs as Organocatalysts 

NHCs mediate a wide range of different organic transformations 



NHCs as Organocatalysts 



NHCs as Organocatalysts 

In 2007 & 2008, Scheidt demonstrated NHCs could catalyze the MnO2 promoted oxidation of  

benzylic and vinylic alcohols, and unactivated aldehydes to esters. 



NHCs as Organocatalysts 

NHCs could be used in a number of highly enantioselective reactions 



NHCs as Organocatalysts 



Combination of photoredox and NHC catalysis in organocatalysis 

NHCs as Organocatalysts 



NHCs in Polymer Science 

Angew Chem Int Ed 2010, 49, 7718 



NHCs in Polymer Science 

Angew Chem Int Ed 2010, 49, 7718 



NHCs in Polymer Science 

Different modes of substrate activation by NHCs in molecular chemistry and in polymer synthesis 



NHCs in Polymer Science 

Overview of polymers obtained by NHC-mediated polymerization reactions 



NHCs in Polymer Science 



NHCs in Polymer Science 

Synthesis of main-chain polymeric organometallic Pd complex and soluble polyelectrolytes 



NHCs in Polymer Science 

Structurally dynamic polymers 


