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Early developments 

 1963: First report of the addition of pentacarbonylphenylmanganese to 

tetrafluoroethylene without the formation of polymers by F. G. A. Stone. 

Addition of Transition Metal Alkyls to Olefins 

Wilford, J. B. P. Treichel, M. Stone, F. G. A. Proc. Chem. Soc. 1963, 218. 

 Two mechanisms may operate in the reactions of these carbonyls 

with chlorotrifluoroethylene-a free-radical and a four-centre mechanism. 



Early developments 

 1963: First report of the addition of transition metal alkyls to olefins without 

the formation of polymers by R. F. Heck. 

Addition of Transition Metal Alkyls to Olefins 

Heck, R. F. J. Am. Chem. Soc. 1963, 85, 3116. 

 The most improtant result is the conclusion that the acylcobalt group can be 

added across a carbon-carbon double bond. 



Early developments 

Arylation of Olefins by Palladium 

 1967: Heck first reported that aryl palladium species react  with olefins to 

produce aryl-substituted olefins, and reduced palladium. 

 The olefin arylation reaction is a true organometallic reaction and not a 

radical or ionic reaction. 

Heck, R. F. J. Am. Chem. Soc. 1968, 90, 5518. 



Early developments 

Arylation of Allylic Alcohos by Palladium 

 1968: Heck first reported that aryl palladium species react  with allylic 

alcohols to produce aryl-substituted aldehydes and ketones. 

 On the basis of this mechanism, several additional products might be 

expected. 

Heck, R. F. J. Am. Chem. Soc. 1968, 90, 5526. 



Early developments 

Arylation of Allylic Alcohos by Palladium 

Heck, R. F. J. Am. Chem. Soc. 1968, 90, 5526. 



Early developments 

Palladium Hydride Rearrangement 

Larock, R. C. Mitchell, M. A. J. Am. Chem. Soc. 1976, 98, 6718. 

 1976: first report of palladium hydride rearrangement in the process of π-

allylpalladium compound formation by R. C. Larock. 



Early developments 

Remote Migration of Dienes 

Larock, R. C. J. Org. Chem. 1984, 49, 2701. 

 1983: Larock et al demonstrated that organopalladium react with 1,7-dienes 

to yield π-allylpalladium compounds by remote palladium migration.  

 The intermediate palladium hydride remains strongly coordinated throughout 

the reaction to the molecule to which addition originally occurred. 



Early developments 

Redox-relay of Alkenyl Alcohols 

 1989: Larock et al demonstrated that iodobenzene and non-allylic unsaturated 

alcohols might afford long chain aldehydes or ketones.  

 The longer the carbon chain the slower the reaction. 

 Need high temperature when separated by more than three carbon. 

 The yields increase as one reduces the number of equivalents from 5 to 1. 

Larock, R. C. Tetrahedron Lett. 1989, 30, 6629. 

 Despite these advances, the field remained relatively inactive for 23 years 

until a breakthrough discovered by the group of Sigman. 
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Redox-relay Heck Arylation 

Using Aryldiazonium Salt 

Werner, E. W.; Mei, T.; Burckle, A. J.; Sigman, M. S. Science 2012, 338, 1455. 

 2012: Sigman et al first reported the enantioselective Heck arylations of 

acyclic alkenyl alcohols using a redox-relay strategy. 



Redox-relay Heck Arylation 

Using Aryldiazonium Salt 

Werner, E. W.; Mei, T.; Burckle, A. J.; Sigman, M. S. Science 2012, 338, 1455. 

 Proposed migration through the carbon chain using a redox-relay strategy. 

 To favor migration over dissociation of the metal from the alkene:  

an electrophilic catalyst under mild conditions would be required to 

promote the binding and insertion. 

 High site selectivity and enantioselectivity: 

require a catalyst sensitive to the subtle electronic differences 

between the carbons a and b to the alcohol. 

Several problems: 



Redox-relay Heck Arylation 

Allylic Acohols 

Werner, E. W.; Mei, T.; Burckle, A. J.; Sigman, M. S. Science 2012, 338, 1455. 



Redox-relay Heck Arylation 

Homoallylic Alcohols 

Werner, E. W.; Mei, T.; Burckle, A. J.; Sigman, M. S. Science 2012, 338, 1455. 



Redox-relay Heck Arylation 

Using Aryldiazonium Salt 

Werner, E. W.; Mei, T.; Burckle, A. J.; Sigman, M. S. Science 2012, 338, 1455. 

 Two substrates wherein the alcohol was an additional cabon away from the 

alkene. 



Xu, L. Wu, Y. J. Am. Chem. Soc. 2014, 136, 1960. 



Xu, L. J. Am. Chem. Soc. 2014, 136, 1960. 



Redox-relay Heck Arylation 

Computational Predictions 

Xu, L. J. Am. Chem. Soc. 2014, 136, 1960. 



Redox-relay Heck Arylation 

Xu, L. J. Am. Chem. Soc. 2014, 136, 1960. 
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Redox-relay Heck Arylation 

Using Boronic Acids 

Mei, T.; Sigman, M. S. J. Am. Chem. Soc. 2013, 135, 6830. 

 expand to oxidative variant (boronic acids)? . 

 how about the site-selectivity (i.e., g vs b) 



Redox-relay Heck Arylation 

Using Boronic Acids 

Mei, T.; Sigman, M. S. J. Am. Chem. Soc. 2013, 135, 6830. 

 Reaction Optimization. 



Mei, T.; Sigman, M. S. J. Am. Chem. Soc. 2013, 135, 6830. 

 Scope of the enantioselective redox-relay Heck reaction. 



Mei, T.; Sigman, M. S. J. Am. Chem. Soc. 2013, 135, 6830. 

 Evaluation of various alkenol substrates. 



Redox-relay Heck Arylation 

Using Boronic Acids 

Mei, T.; Sigman, M. S. J. Am. Chem. Soc. 2013, 135, 6830. 



Redox-relay Heck Arylation 
Using Boronic Acids 

Mei, T.; Sigman, M. S. Nature 2014, 508, 340. 

 Proposed modular strategy using trisubstituted alkenes. 

 reactivity? 

 site selectivity? 

 enantioselectivity? 



Redox-relay Heck Arylation 

Using Boronic Acids 

Mei, T.; Sigman, M. S. Nature 2014, 508, 340. 

 Preservation of preinstalled stereocentre. 



Redox-relay Heck Arylation 

Using Boronic Acids 

Mei, T.; Sigman, M. S. Nature 2014, 508, 340. 

 Control of two remote chiral centres. 



Redox-relay Heck Arylation 

Using Boronic Acids 

Mei, T.; Sigman, M. S. Nature 2014, 508, 340. 

 Mechanistic analysis for the formation of 5. 



Redox-relay Heck Arylation 

Using Boronic Acids 

Mei, T.; Sigman, M. S. Nature 2014, 508, 340. 

 Isotopic labelling experiment. 
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Summary and Outlook 

 To develop an oxidative variant of the enantioselective 

redox-relay Heck reaction using substrates else besides 

aryldiazonium salts and boronic acids. 

 It is neccessary to develop new chiral ligands and 

cheap catalysts to be used in the enantioselective redox-

relay Heck reaction. 

 To probe the organometallic mechanistic questions, 

apply these methods to synthetic endeavors, and 

expand the concept of redox-relay Heck reactions to 

new reaction types. 




