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Introduction 
For over a decade organic chemists have been prolifically exploiting the ability of 

N-heterocyclic carbene catalysts to umpole the reactivity of carbonyl groups.  Two prevalent 
examples of this include the Benzoin condensation, [1] Stetter reaction [2].  These related 
reactions have attracted plentiful attention as both are C-C bond forming reactions, and both 

generate chiral products from achiral starting materials. 

O

HR
N N +

N N

R OH

Further

transformationsδ+

δ−

 
 

Figure 1.  Umpolung of aldehyde group by NHC catalyst. 
 

We have recently developed a reusable solid-phase immadazolium salt pre-catalyst which has 

shown activity in the Benzoin condensation.  Efforts to realize an enantioselective Benzoin 
condensation with imidazolylidenes were largely unsuccessful, however a series of catalysts 

which permit base-free carbene formation have been prepared and tested.  This communication 

reports our latest results in these research areas. 
 

Materials and Methods 

Three heterogeneous pre-catalysts were prepared from polystyrene beads bearing 
alkyl chloride functionalities, and a variety of hydrocarbon linkers.  These were converted to 

quaternary imidazolium salts by refluxing with an appropriate N-substituted imidazole in the 

presence of toluene (figure 2).  Analyses of these supported salts was performed by 
1
H and 

13
C MAS-NMR.  Active site coverage was determined by combustion analysis.  SEM images 

obtained suggested the superstructure of the beads was not altered during catalyst synthesis. 
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Figure 2.  Catalyst synthesis/structure. 

 
Active NHC catalysts are prepared in situ from imidazolium salts by deprotonation at C2 of the 

ring.  This can require rather forcing conditions such as concentrated NaOH solution, or NaH.  

It was determined experimentally that catalytic reactions should ideally be performed in THF, 
as this solvent permits the highest degree of swelling in the polymer resin, thus facilitating 

access to the catalyst internal structure. 

 

Results and Discussion  
Moderate to good activity in the Benzoin condensation was observed from all three 

heterogeneous catalysts, for a variety of aromatic aldehydes bearing electron donating and 

withdrawing groups at the para position.  Electron deficient aldehydes performed less well 
than electron rich aldehydes, as might be predicted by the Hammet relationship for this 

reaction.  Typically reactions were completed within 30 minutes. 
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Figure 3.  Catalytic Benzoin condensation of aromatic aldehydes, R = H, MeO, Cl, 
tert

Bu; also 

2-naphthaldehyde. 

 
Significantly, the catalyst loading in these reactions was somewhat lower than in many 

homogeneous catalysts reported (catalyst < 1 mol%, compared with 10-30 mol % typically 

used for homogeneous catalysts), and gave an isolated yield of 30% benzoin when used at only 
0.09 mol% loading.  The catalyst could also be easily recovered post-reaction, and could be re-

used in several runs without significant loss of activity.  We believe this is the first example of 

recycling a carbene catalyst, or a catalyst for the Benzoin condensation. 
 

As the harshly basic conditions required for deprotonation may limit the usable scope of this 

process, a catalyst was designed that circumvented this problem.  This was accomplished by 
first forming the carbene ex situ in the usual manner.   This carbene was then exposed to a 

stream of CO2, which trapped the carbene as an imidazolium carboxylate.  CO2 uptake and 

release were confirmed by TGA-MS.  This catalyst also performed well in the Benzoin 

condensation of benzaldehyde (figure 3). 
 

A study was also performed to assess the utility of chiral imidazolium salt pre-catalysts in the 

asymmetric benzoin condensation.  Unfortunately none of the catalysts investigated showed 
any evidence to suggest they would be worth immobilizing, a conclusion echoed by several 

other groups [3].   

 

Significance 

This preliminary catalyst immobilization project represents the first re-use of a 

catalyst in several sequential Benzoin condensations.  This has obvious environmental 
implications.  The catalyst is cheap, quick and simple to prepare and is tolerant of a broad 

range of reaction conditions. 
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