
Literature Report 

Reporter: He Zhiqi 

Supervisor: Prof. Yong Huang 

2012.11.19 

1 



2 

NHCs in Organometallic chemistry 
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20 kcal/mol 

σ- stabilization 

70 kcal/mol 

4π- conjugation 

6 kcal/mol 

20 kcal/mol 

6π- conjugation 

J. Am. Chem. Soc., 1996,118, 2023 

Stability of NHCs 

Increased  

Thermodynamic  

Stability 

 

ab initio calculations 

suggest significant 

thermodynamic 

stabilization due to  

π-conjugation 
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Phosphine Mimics 

σ- bond 

donor 

σ- bond 

donor 

π – bond 

acceptor 

π – bond 

acceptor π* 

σ* 

Electronic property Steric property 

Change R group to 

vary steric size   

But they are quite different!!! 



CO stretching frequencies measured for Ni(CO)3L 

where L are PR3 ligands of different σ -donor abilities. 

[v(CO) =2143 cm-1] 
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Chem. Rev., 1977,77, 313 

Tolman Electronic Parameter 

Tolman’s cone angle 
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Tolman Plot of Electronic Parameter and Cone Angle 

What about NHCs? 
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Different electronic property between PR3 and NHCs  

Trnka Tina Maria, Dissertation (Ph.D.) Caltech, 2003 

CO 

  

 

NMe3  

 

 

PMe3   

 

 

PPh3  

 

 

 PCy3 

  

 
Pri

2Me2Im = 
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PF3 << P(OMe)3 < P(OEt)3 < P(NMe2)3 < PMe3 < PEt3 < NMe3 < PBun
3 < PPh3 

< PCy3 << Pri
2Me2Im 

[Pri
2Me2Im = NMe3] < [PCy3 =PPh3 = PBun

3 = PEt3 = PMe3] < [PF3 = P(OMe)3 = 

P(OEt)3 = P(NMe2)3] 
NMe3 < Pri

2Me2Im < PMe3 ≈ P(NR2)3 < PAr3 < P(OMe)3 < P(OAr)3 < PCl3 < PF3 

≈ CO 

The σ- donor and π -acceptor order of different ligands  

The σ- donor order: 

The π -acceptor order : 
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The steric differece of NHCs and PR3  

Electron property:   

NHCs are stronger σ- donor but weaker π -acceptor ligands than 

phosphine ligands. 

 

Overall: 

Steric property:   

R group can play a significant  role in the metals reactivity and 

potential catalysis. 
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The property of different NHCs  

Ring size 

Saturated  or 

unsaturated 

Substituent 

on N atom 

Substituent 

on the ring 
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Ring size 

π* 

π 

Brief recall of Yu’s lesson 
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Diminishing Ring Size 

Chem. Rev. 1989, 89, 1111 

sp2-orbital 

p-orbital 

Orbital of bent planar allene 

allene 
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J. Am. Chem. Soc. 1995, 117, 11207; 

Angew. Chem. Int. Ed. 2005, 44, 5269  

Dalton Trans., 2009, 2284 

Angle of  N-C-N 
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pKa of azolium ion 

Chem. Commun., 2011, 47, 1559 
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Diminishing Ring Size 

Chem. Rev. 1989, 89, 1111 

sp2-orbital 

p-orbital 

Orbital of bent planar allene 

allene 
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pπ(C2) = 0.67 pπ(C2) =1.2 

pπ(C2) = 0.53 pπ(C2) =1.33 

Conjugation 

effect=39.8% 

Conjugation 

effect=55.8% 

q(C2) = 0.06 

q(C2) = 0.17 

J. Am. Chem. Soc. 1996, 118, 2039 

Conjugation effect of imidazole and imidazoline 
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1. Cross coupling reaction 
----Suzuki, Negishi, Kumada, Stille, Hiyama, Sonogashira, Heck, Buchwald—Hartwig  

Coupling Reaction 

 

Case Study 

[Pd] 

Chem. Soc. Rev., 2011,40, 5151 

Yield 

 

94% 

 

93% 

T 

 

15h 

 

3h 50 ppm; 80oC 

0.05%; r.t. 
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2. Chang’s work  

J. Am. Chem. Soc., 2012,134, 17778 
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3.  Oxidation chemistry 

Angew. Chem. Int. Ed. 2002, 41, 1745 

Oxidation of Methane: 

Aerobic Alcohol Oxidation: 

J. Org. Chem. 2005, 70, 3343 
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Aerobic  C-H activation: 

J. Am. Chem. Soc., 2011,133, 9250 
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Pd oxidation reaction: 

----Shannon S. Stahl has studied a lot  

J. Am. Chem. Soc., 2004, 126, 10212;  Angew. Chem. Int. Ed. 2006, 

45, 2904; J. Am. Chem. Soc., 2007, 129, 4410; Angew. Chem. Int. Ed. 

2007, 46, 601; J. Am. Chem. Soc., 2008, 130, 5753 
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Synthesis 
1.  Symmetric synthesis 

2.  Unsymmetric synthesis 

a. Unsymmetric synthesis of imidazolidinium salts 
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2.  Unsymmetric synthesis 

b. Unsymmetric synthesis of imidazolium salts 

Chem. Commun. 2006, 2176 
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Summary 

 a. We have compared the  difference between PR3 and different 

NHCs, show the similar but different chemistry, and introduce the 

synthesis of NHCs 

 

 

 

b. There are still many things that we can do according to it’s 

property. 



Thanks for Your 

Attention！ 
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