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Applications of Selective 
Catalytic Alkylation  

 Petrochemical processing 

 Synthesis of pharmaceutical products 

 Production of desired compounds from available and 
environmentally benign feedstock 

 



Friedel-Crafts Alkylation 

 Used in industrial-scale alkylation processes 

 

Drawback: 

 Requires stoichiometric amounts of Lewis acid 
promoters and base to neutralize acid by-products 

 



Mizoroki-Heck Coupling Reaction
  

 Used for direct alkenylation of arenes 
 
Drawbacks: 
 Requires stoichiometric base  
 Limited to activated olefins reagents 

 



Chelate-Assisted Arene C-H Alkyenylation  

 C-H bond activation reactions for direct couplings of 
arenes and alkenes 
 

Drawbacks: 
 Limited substrate scope  
 Requires chelate-directing group, stoichiometric 

oxidants and additives 
 
 





Why Alcohols as Alkylating Reagents?  

 Economical (aka: CHEAP) 

 Water only by-product (aka: GREEN) 

 

Drawback: 

 Tendency to undergo alkoxylation and dehydrogenation 
instead of C-O bond  cleavage step 



Cationic Ruthenium Hydride Complex:  
[(η6-C6H6)-(PCy3)(CO)RuH]+BF4

- 

Oxidation State: Ru2+ 
Total e- count: 18e- 

ivory- colored solid 



Initial Experiments with Catalyst 

 Test feasibility of alcohols as alkylating agents 
using catalyst 

 

Figure 1. Fischer-Porter  
pressure bottle 
 



Other Catalysts Tested 



Primary Alcohols with Cyclic 
Alkenes  

 Only linear alkylation products were formed 
 Secondary aliphatic alcohols were found to be “sluggish,” 

resulting in lower yields 
 



Primary and Secondary Alcohols 
with Indene 

 Regioselective 2-alkylation products formed  



Styrene Derivatives  

 Formed trans-alkylation products(>98% trans) 

 Small amounts of hydrogenation products 

 



Intramolecular Alkylation 

 Only formed p-cymene 



Indene 

 Formed optically PURE product  

 No racemization or branched alkylation products 



Alkylation of Biologically Active  
Alkene Substrates 



Mechanistic Studies 



Hydrogen-Deuterium Exchange 

 In order to gain insight into the 
mechanism of this process, hydrogen-
deuterium exchange was used 



1H and 2H NMR Studies 



3° > 2° > 1°?   

 In contrast to the trend seen in Friedel-Crafts-
type electrophilic alkylation reactions, reaction 
rates are generally fastest with primary alcohols 

 Perhaps preferred due to steric hindrance in 
subsequent steps 



Hammett Studies of Electronics 



Hammett Plots 



Kinetic Isotope Effect 

 Singleton NMR Technique 

 





Summary from Mechanistic Studies 

 Hydrogen-deuterium exchange:  

 -suggests facile vinyl C-H activation step 

 Hammett studies:  

 -positively charged transition state likely 

 12C/13C isotope effects:  

 -C-C bond formation is rate limiting step 



Proposed Mechanism 





Mechanism of Alkylation of Alkene with 
Alcohols  
 

Proposed Mechanism:  Proposed Mechanism:  



Mechanism for C-H Bond Activation 
 



Somewhere in Milwaukee on a fine Saturday 
evening… 

At BMC’s Chemistry student lounge…. 







Conclusions 

 Successfully used cationic ruthenium hydride complex 
catalyze alkylation of diverse substrate 

 High degree of regio- and chemoselectivity 

 Generates no wasteful by-products  

 Reactions also proven successful with non-chlorinated 
solvents like toluene and tetrahydrofuran 

 Advance green chemistry (with the potential for 
applications in industry)! 
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