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Halofunctionalizations of olefins 



1900 1950 

2000 

1850s (Reynolds) : 

1st electrophilic 

addition of halogen 

to alkene  

1870s (Fittig) : 1st 

halolactonization  

1937 (Roberts and 

Kimball) : cyclic 

halonium ion 

proposed as 

intermediate 

1992 (Tagushi) : 1st 

enantioselective 

halolactonization  

2003 (Kang) :  

1st  catalytic 

enantioselective 

halocyclization  

1969 (Wynberg) :  

1st stable cyclic 

bromonium 
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The last chapter of a long story 
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Decrease the rate of the uncatalyzed reaction 

 

 

 

Save the catalytic activity in the presence of highly electrophilic species 

 

 

 

Generate stereoselectivity with highly reactive intermediates 

The main challenges 
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Two possible mechanisms 
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Haliranium vs β-halocarbenium 

Olah et al., J. Am. Chem. Soc. 1967, 89, 4744.  



Olefin-to-olefin transfer can racemize 

haliranium at rates that can 

compete with nucleophilic capture 
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A major challenge : the olefin-to-olefin transfer 

Brown et al., J. Am. Chem. Soc. 1994, 116, 2448.  
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Haliranium absolute configuration stability 

Denmark et al., J. Am. Chem. Soc. 2010, 132, 1232.  
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I.  Iodo- and bromocylizations  

 

 

 

II.  Chloro- and fluorocyclizations 

 

 

 

III.   Intermolecular halofunctionalizations 

Summary 
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I.  Iodo- and bromocyclizations 
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Lewis acid catalysis - Concept 
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Kang’s iodoetherification 

Kang et al., J. Am. Chem. Soc. 2003, 125, 15748.  



13 
Kang et al., Chem. Eur. J. 2008, 14, 1023.  

Kang’s iodoetherification 



14 

Lewis base catalysis - Concept 
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Denmark et al., PNAS, 2010, 107, 20655.  

Yeung et al., J. Am. Chem. Soc. 2013, 135,1232.  

LB catalyzed bromoaminocyclization  
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LB catalyzed diol desymmetrization  

Yeung et al., J. Am. Chem. Soc. 2014, 136, 5627.  



17 

Bifunctional catalysis - Concept 
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Bifunctional catalysis 

Yeung et al., J. Am. Chem. Soc. 2010, 132, 15474.  
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Bifunctional catalysis 

Yeung et al., J. Am. Chem. Soc. 2010, 132, 15474.  
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Bifunctional catalysis 

Yeung et al., Angew. Chem. Int. Ed. 2014, 53, 5161.  

Yeung et al., Angew. Chem. Int. Ed. 2013, 52, 8597.  
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Bifunctional catalysis 

Tang et al., J. Am. Chem. Soc. 2010, 132, 3664.  
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Ion pairing - Concept 
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H-bonding and chiral counteranion formation 

Jacobsen et al., Angew. Chem. Int. Ed. 2010, 49, 7332.  
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H-bonding and chiral counteranion formation 

Jacobsen et al., Angew. Chem. Int. Ed. 2010, 49, 7332.  
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C3-symmetric trisimidazolines 

Fujioka et al.,  Angew. Chem. Int. Ed. 2010, 49, 9174.  
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C3-symmetric trisimidazolines 

Fujioka et al., Angew. Chem. Int. Ed. 2010, 49, 9174.  

Fujioka et al., Angew. Chem. Int. Ed. 2010, 49, 9174.  
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Enantioselective cyclization – Proof of concept 

Hennecke et al., Org. Lett. 2011, 13, 860.  
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II.  Chloro- and fluorocyclizations 
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Enantioselective chlorolactonization 

Borhan et al., J. Am. Chem. Soc. 2010, 132, 3298.  
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Borhan et al., J. Am. Chem. Soc. 2013, 135, 14524.  

Enantioselective chlorolactonization 
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Borhan et al., J. Am. Chem. Soc. 2013, 135, 14524.  

Enantioselective chlorolactonization 



Two stereoselective 

steps controlled by  

a single catalyst 
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Borhan et al., J. Am. Chem. Soc. 2013, 135, 14524.  

Enantioselective chlorolactonization 
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Chlorocyclization of unsaturated amides 

Borhan et al., Angew. Chem. Int. Ed. 2011, 50, 2593.  
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Fluorocyclization using anionic  

chiral phase-transfer catalysis 

Toste et al.,Science, 2011, 334, 1681.  
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Fluorocyclization using anionic  

chiral phase-transfer catalysis 

Toste et al.,Science, 2011, 334, 1681.  
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Fluorocyclization using anionic  

chiral phase-transfer catalysis 

Toste et al., Angew. Chem. Int. Ed. 2013, 52, 7724.  
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III.  Intermolecular halofunctionalizations 
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Enantioselective bromoamination 

Masson et al., J. Am. Chem. Soc. 2012, 134, 10389.  
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Masson et al., J. Am. Chem. Soc. 2012, 134, 10389.  

Enantioselective bromoamination 



40 Toste et al., Angew. Chem. Int. Ed. 2012, 51, 9684.  

Anionic phase-transfer catalysis 
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Enantioselective dihalogenation 
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Enantioselective dichlorination 

Nicolaou et al., J. Am. Chem. Soc. 2011, 133, 8134.  
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Enantioselective dibromination 

Burns et al., J. Am. Chem. Soc. 2013, 135, 12690.  
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Enantioselective dihalogenation 

Burns et al., J. Am. Chem. Soc. 2013, 135, 12690.  
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Many examples for iodo- and bromocyclization but no general procedure described 

 

 

 

Chlorofunctionalizations remain underdeveloped 

 

 

 

Fluorofunctionalizations need activated double bonds to be efficient 

 

 

 

Intermolecular halofunctionalizations still constitute a major challenge 

To conclude 


