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Abstract 

 The widespread use of olefin metathesis in organic and polymer chemistry has 

been due in large part to the emergence of highly active stable ruthenium catalysts for 

this transformation.  To date, the most successful catalysts for asymmetric olefin 

metathesis reactions are molybdenum based.  It is expected that the development of more 

effective ruthenium-based catalysts for asymmetric olefin metathesis reactions will 

dramatically expand the synthetic utility of these reactions. Chapter 2 of this thesis 

describes the synthesis of novel chiral ruthenium-based olefin metathesis catalysts.  

These catalysts are applied to asymmetric ring-closing metathesis in chapter 3 and 

asymmetric ring-opening cross metathesis along with the first examples of asymmetric 

cross metathesis in chapter 4.   

 Another area in which the use of ruthenium-based catalysts is limited is the 

preparation of very sterically encumbered olefins.  One example of this limitation is ring-

closing metathesis to form tetrasubstituted olefins, chapter 5 describes the synthesis of a 

family of ruthenium-based catalysts that demonstrate improved activity for this 

transformation.   



 vii 
 Contents 

Acknowledgements........................................................................................................................ iii 
 
Abstract .......................................................................................................................................... vi 
 
Contents......................................................................................................................................... vii 
 
Figures and Tables ....................................................................................................................... viii 

 
Chapter 1: Current Frontiers in Olefin Metathesis ......................................................................... 1 
 
Chapter 2: Design and Synthesis of Chiral Ruthenium Olefin Metathesis Catalysts .................... 7 
 
Chapter 3: Application of Highly Active Chiral Ruthenium Catalysts to Asymmetric Ring-
Closing Olefin Metathesis............................................................................................................. 33 
 
Chapter 4: Application of Highly Active Chiral Ruthenium Catalysts to Asymmetric Cross 
and Ring-Opening Cross Metathesis ............................................................................................ 66 
 
Chapter 5: Ruthenium-Catalyzed Ring-Closing Metathesis to Form Tetrasubstituted Olefins 102 
 
Appendix A: Synthesis of Additional Chiral Ruthenium Olefin Metathesis Catalysts ............. 145 
 
Appendix B: Additional Results in Asymmetric Metathesis ..................................................... 152 
 
 



 viii 
Figures and Tables 

Chapter 1 

Figure 1.1. Commercially available catalysts for olefin metathesis .......................................... 2 
Figure 1.2. Catalytic cycle of olefin metathesis .......................................................................... 3 
 

Chapter 2 

Figure 2.1. Chiral olefin metathesis catalysts and parent catalysts............................................ 8 
Figure 2.2. First highly enantioselective ruthenium-catalyzed olefin metathesis..................... 9 
Figure 2.3. Catalysts used for the first reported Ru-catalyzed ARCM...................................... 9 
Figure 2.4. X-ray structure illustrating a gearing interaction ................................................... 10 
Figure 2.5. General synthetic strategy for catalyst preparation................................................ 11 
Figure 2.6. Efforts towards catalysts bearing ortho-tert-butylphenyl rings ............................ 12  
Figure 2.7. Preparation of aryl bromides 15, 17 and 21 ........................................................... 13 
Figure 2.8. Synthesis of chiral ruthenium catalysts for olefin metathesis ............................... 14 
Figure 2.9. Preparation of a aryl bromide 35............................................................................. 15 
Figure 2.10. Preparation of a chiral ruthenium metathesis catalyst ......................................... 16 
 

Chapter 3 

Figure 3.1. Chiral ruthenium olefin metathesis catalysts ......................................................... 34 
Figure 3.2.  Catalyst to substrate matching for chiral molybdenum catalysts......................... 35 
Figure 3.3. Lone example of preexisting successful ruthenium-catalyzed ARCM ................ 35 
Table 3.1. ARCM with 1–5 ........................................................................................................ 36 
Table 3.2.  ARCM reactions of selected achiral trienes with chiral ruthenium catalysts ....... 38 
Table 3.3.  Best results of ARCM reactions with “other” achiral trienes................................ 39  
Figure 3.4.  Ethylenolysis of 12 ................................................................................................. 40 
Figure 3.5.  Proposed pathways leading to the desired product............................................... 42 
Figure 3.6. Suggested alkylidene position in trans-binding transition state ........................... 42 
 

Chapter 4 

Figure 4.1. Ruthenium olefin metathesis catalysts.................................................................... 68 
Table 4.1. AROCM with chiral ruthenium catalysts................................................................. 69 
Table 4.2. AROCM using 6a and 6b ......................................................................................... 70 
Figure 4.2. Comparison of propagating species........................................................................ 72 
Figure 4.3. Olefin approaches for 3a and 6a that afford the major trans enantiomer............. 74 
Table 4.3. ACM using catalysts 2a–6a ...................................................................................... 76  
Table 4.4. ACM with cis-1,4-diacetoxy-2-butene using 5a ..................................................... 77 
 
 
 
 
 



 ix 
Chapter 5 

Figure 5.1. Olefin metathesis catalysts .................................................................................... 103 
Figure 5.2. Synthesis of 14 and 18 and attempt to prepare 16 ............................................... 105 
Figure 5.3. Catalysts with increased activity in RCM to form tetrasubstituted olefins........ 106 
Figure 5.4. RCM of diethyl dimethallylmalonate (5) ............................................................. 107 
Table 5.1. RCM to form tetrasubstituted olefins..................................................................... 109 
Figure 5.5. Preparation of catalysts with unsaturated NHCs.................................................. 110  
Figure 5.6. Comparison of catalysts 12, 29, and 30................................................................ 111 
Figure 5.7. Preparation of a fast-initiating yet stable catalyst ................................................ 112 
Figure 5.8. RCM of 5 reaches 87% in just one hour with 33 ................................................. 113  
Figure S5.1. RCM to form a tetrasubstituted olefin using 18 ................................................ 119  
Figure S5.2. RCM to form a trisubstituted olefin using 18 .................................................... 120 
Figure S5.3. RCM to form a disubstituted olefin using 18..................................................... 121  
Figure S5.4. RCM to form a tetrasubstituted olefin using 29 ................................................ 123  
Figure S5.5. RCM to form a tetrasubstituted olefin using 29 at 60 °C.................................. 124 
Figure S5.6. RCM to form a trisubstituted olefin using 29 .................................................... 125 
Figure S5.7. RCM to form a disubstituted olefin using 29..................................................... 126  
Figure S5.8. RCM to form a tetrasubstituted olefin using 30 ................................................ 128  
Figure S5.9. RCM to form a tetrasubstituted olefin using 30 at 60 °C.................................. 129 
Figure S5.10. RCM to form a trisubstituted olefin using 30 .................................................. 130 
Figure S5.11. RCM to form a disubstituted olefin using 30 .................................................. 131  
Figure S5.12. RCM to form a tetrasubstituted olefin using 33 .............................................. 132 
 

Appendix A 

Figure A.1. Ruthenium olefin metathesis catalysts................................................................. 146 
Table A.1. AROCM with chiral ruthenium catalysts.............................................................. 147 
Figure A.2. Synthesis of catalyst 10 ........................................................................................ 148 
Figure A.3. Synthesis of catalysts 14 and 16........................................................................... 149 
Table A.2. Performance of 14 and 16 in AROCM.................................................................. 150 
Figure A.4. Synthesis of adamantyl containing catalyst 24 ................................................... 150 
Table A.3. Enantioselective metathesis reactions using 24 .................................................... 151 
 

Appendix B 

Figure B.1. Ruthenium olefin metathesis catalysts................................................................. 153 
Table B.1. ARCM to form N-containing heterocycles ........................................................... 154 
Table B.2. Enantioselectivity of 2–6 for AROCM.................................................................. 155 
Table B.3. ACM with catalyst 3–7........................................................................................... 157 
Figure B.2. Meso dienes give lower yields than alkene analogues........................................ 158 
Figure B.3. Resolution studies ................................................................................................. 159 

 


