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Since they were first synthesized in 1992, the ruthenium catalyst named after Nobel 

Laureate R. H. Grubbs have become a useful tool in organic synthesis. Compared to 

conventional heterogeneous metathesis catalysts, Grubbs catalysts are more reactive, faster to 

initiate and better for reaction control.1 Grubbs catalysts have been employed in good effort 

both in academia and industry, the later in the synthesis of certain pharmaceutical 

intermediates. 2 One variety of Grubbs catalyst, known as second generation 

Hoveyda-Grubbs Catalyst, contain N-heterocyclic carbene (NHC) ligands and chelating 

benzylidene ligands (Fig. 1). These second generation catalysts exhibit enhanced stability and 

reactivity. 

 

 

 

Figure 1. Second generation Hoveyda-Grubbs Catalyst 

       

However, the separation and recycling of Grubbs catalyst from reaction system at a large 

scale remains difficult, as is often the case for homogeneous catalysis.In view of the high cost 

of ruthenium, the high catalyst loads used in large scale reactions and the requirement that the 

ruthenium content in pharmaceuticals be less than 10 ppm, there is a need to separate and 

recycle Grubbs catalysts. 3 

 

One approach to the separation and recycling of Grubbs Catalysts is to modify them with 

a functional group called “a tag” that can be used to “pick up” the catalyst from the reaction 

mixture. Tags that change the solubility of catalyst are referred to as phase tags. These tags 

enable the use of phase transfer catalysis and the use of non-lipophilic solvents, such as water, 

fluorocarbons and ionic liquids. In the past ten years, catalysts with fluorocarbons, polyether 

or ionic groups have shown some promise for improved catalyst recycling.  

 

Here we review the use of Hoveyda-Grubbs Catalyst with ionic phase tags for Grubbs 

Catalyst recycling. Ionic groups are especially useful phase tags because of their affinity to 

non-lipophilic solvents and silica gel, the ease with which they can be modified to suit the 

need at hand and other factors. Second generation Hoveyda-Grubbs catalysts constitute an 

ideal platform for studying the effect of phase tags because of their high stability and their 



 

2 
 

reusability in ring-closing metathesis. 

 

To decide where to put the tag, the mechanism of catalysis needs to be taken into account. 

In olefin metathesis, the benzylidene ligand will leave the catalyst during the catalysis cycle, 

whereas the other ligands do not. 4 As a result, tagging on different ligands will result in a 

different effect on ruthenium removal or catalyst recycling. Currently most tagging studies of 

Hoveyda-Grubbs catalysis recycling using ionic phase tags involve tagging the benzylidene 

ligand, because this approach enables easy separation of the active catalyst. 

 

In 2003 and 2005, two groups synthesized first and second generation Hoveyda-Grubbs 

catalysts with ionic phase tags and investigated them in ionic liquid or biphasic systems (Fig. 

2). 5 The high viscosity of ionic liquids limits the diffusion rate, reduces the reaction rate and 

leads to difficulty in completely separating the product. Biphasic ionic liquid-organic solvent 

systems have lower viscosity thus enhanced the recyclability, but the limited reaction rate, the 

high cost of ionic liquids, and the contamination of organic products caused by incomplete 

extraction were still problematic.6  

 

 
 

Figure 2. Hoveyda-Grubbs catalyst with ionic phase tags. L=PCy3 (first generation) or 

NHC (second generation) 

 

In order to overcome the side effects associated with non-lipophilic solvents, the concept 

of a switchable phase tag was introduced. A switchable phase tag is a tag that can change the 

solubility of the molecule upon stimulation with a trigger.7 The trigger can involve stimuli 

such as irradiation with light or change in redox state. In 2010, Liu et al. synthesize a 

Hoveyda-Grubbs catalyst with a light-controlled phase tag, which exhibited some promising 

results.6 Upon being triggered with light, the spiropyran converts to a charge separated 

merocyanine form (Fig. 3), making the catalyst no longer soluble in lipophilic solvents. The 

catalyst could then extracted into a hydrophilic solvent and subsequently converted back to 

the spiropyran form. The recovered catalyst was then extracted back into dichloromethane, 

leaving the decomposed catalyst in the hydrophilic phase, and completing a catalyst re-cycle. 

This method not only retains the reactivity of homogeneous Hoveyda-Grubbs catalyst, but 

also exhibits low ruthenium contamination and good recyclability.  

To conclude, modifying homogeneous catalyst with a switchable phase tag is an attractive 

idea for homogeneous catalyst recycling. Considering the diversity of catalysts and solvents, 

this strategy could be further applied to the recycling of other expensive homogeneous 

catalysts. 
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Figure 3. Switch between spiropyran form (left) and merocyanine form (right) 

 

1. Vougioukalakis, G. C.; Grubbs, R. H. Ruthenium-Based Heterocyclic 

Carbene-Coordinated Olefin Metathesis Catalysts†. Chemical Reviews 2009, 110 (3), 

1746-1787. 

2. Hoveyda, A. H.; Zhugralin, A. R. The remarkable metal-catalysed olefin metathesis 

reaction. Nature 2007, 450 (7167), 243-251. 

3. Clavier, H.; Grela, K.; Kirschning, A.; Mauduit, M.; Nolan, S. P. Sustainable 

Concepts in Olefin Metathesis. Angewandte Chemie International Edition 2007, 46 

(36), 6786-6801. 

4. Colacino, E.; Martinez, J.; Lamaty, F. Preparation of NHC–ruthenium complexes 

and their catalytic activity in metathesis reaction. Coordination Chemistry Reviews 

2007, 251 (5–6), 726-764. 

5. (a) Yao, Q.; Zhang, Y. Olefin Metathesis in the Ionic Liquid 

1-Butyl-3-methylimidazolium Hexafluorophosphate Using a Recyclable Ru Catalyst: 

Remarkable Effect of a Designer Ionic Tag. Angewandte Chemie International 

Edition 2003, 42 (29), 3395-3398; (b) Audic, N.; Clavier, H.; Mauduit, M.; 

Guillemin, J.-C. An Ionic Liquid-Supported Ruthenium Carbene Complex: A Robust 

and Recyclable Catalyst for Ring-Closing Olefin Metathesis in Ionic Liquids. 

Journal of the American Chemical Society 2003, 125 (31), 9248-9249; (c) Clavier, 

H.; Audic, N.; Guillemin, J.-C.; Mauduit, M. Olefin metathesis in room temperature 

ionic liquids using imidazolium-tagged ruthenium complexes. Journal of 

Organometallic Chemistry 2005, 690 (15), 3585-3599; (d) Yao, Q.; Sheets, M. An 

ionic liquid-tagged second generation Hoveyda–Grubbs ruthenium carbene complex 

as highly reactive and recyclable catalyst for ring-closing metathesis of di-, tri- and 

tetrasubstituted dienes. Journal of Organometallic Chemistry 2005, 690 (15), 

3577-3584. 

6. Liu, G.; Wang, J. Recycling a Homogeneous Catalyst through a Light-Controlled 

Phase Tag. Angewandte Chemie International Edition 2010, 49 (26), 4425-4429. 

7. Süßner, M.; Plenio, H. Redox-Switchable Phase Tags for Recycling of 

Homogeneous Catalysts. Angewandte Chemie International Edition 2005, 44 (42), 

6885-6888. 
 


