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A racemic alkene 

dichlorination as the 

first step of Carreira’s 

chlorosulfolipid total 

synthesis. 

 

 

Snyder’s stoichiometric, 

enantioselective alkene 

dichlorination en route to 

(-)-napyradiomycin 
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Proposed stereoinduction model 
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*Proposed catalytic cycle 
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Selective Bromochlorination 

Dichlorination: 

Dibromination: 



*

*The dihalogenating reagents problem 

*The catalysis problem 

*The enantioselectivity problem 

*The product racemization problem 

*The diastereocontrol problem 

 



*“Dihalogen carrier” 

     eg: ammonium polyhalide salts [R4N]+[(X2)nX]-, 

            C5H6NBr3, Et3NCl3 

* In situ generation 

     halide oxidation: H2O2-HCl, KMnO4-Me3SiCl-BnEt3NCl,Oxone-NaCl. 

 

 

 

 

 

      

      halenium reduction: a 2:1 NCS:PPh3 reagent system 
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General strategies 

 

 

 

 

 

 

            



*Bronsted acid catalysis 



using a dihalogen 

equivalent XII as a single 

reagent. 

 

only a neutral by-product 

XIV is generated  

 

 

 

 

Using a complex anion 

of the halide as an 

X- source. 



*Lewis acid catalysis 

using separate X+ and 

X- sources 

 

 

using a dihalogen 

equivalent XII as a 

single reagent. 

 

 



 
*Lewis base catalysis 

using separate X+ and 

X- sources 

 

 

using a dihalogen 

equivalent XII as a 

single reagent. 

 

 



Proposed stereoinduction model 

 

 



*Phase transfer catalysis 

Cationic phase transfer-catalyzed alkene dihalogenation 

 

 

S.Julia et al. Tetrahedron Lett. 1979, 20, 2171 



D. Ma et al. Angew. Chem. Int. Ed. 2013, 125, 13162 

Chiral anion phase transfer-catalyzed alkene bromocyclization 

 

 



*Enantiodetermining nucleophilic trapping 

 

 

Depends on kA/kB 

Depends on kA/kB, [IA]/[IB] 

e.g. 

a kA/kB value of 5 in 

combination with 

[IA]/[IB]=4 would still 

give 20:1 er in favor of A 

 

 



*Enantiodetermining haliranium ion formation 

 

 Haliranium ion formation: 

Alkene-to-alkene transfer: 



S. E. Denmark et al. J. Am. Chem. Soc. 2010, 132, 1232 
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D. C. Braddock et al. Chem. Commun. 2012, 48, 8943 
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*Type I Dihalogenation 

*Type II Dihalogenation 

*Type III Dihalogenation 

*Type IV Dihalogenation 

*Type V Dihalogenation 



*

P. B. D. de La Mara et al. J. Chem. Soc. 1961, 5285 

Factors to reduce the halogen 

bridging: 

• Cation-stabilizing 

substituents at one end of 

the halonium ion 

• High dielectric solvents 

• Chlorine as the halogen 
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M = a metal or main group electrophile 



 
*Type IIret 

J. P. Synder et al. J. Org. Chem. 1999, 64, 1758 
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*Type IIinv 
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*Type IIIret 

K. B. Sharpless et al. J. Am. Chem. Soc. 1977, 99, 3120  



*Type IIIinv 

I. E. Marko et al. Tetrahedron Lett. 1997, 38, 2339 
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*Problem: 

* 1) control of regioselectivity in the nucleophilic trapping with halide ion 

* 2) difficulties in transmitting stereochemical influence from a catalyst 

covalently bound to the halogen atom 

* 3) potential for alkene-to-alkene halenium ion transfer processes causing 

racemization of enantioenriched haliranium ions.  

* 4) the control of relative configuration is limited, as the reactions are 

stereoelectronically mandated to deliver antidihalogenated products, 

with no general means of overturning this selectivity. 

* 5) a number of these mechanistic proposals are speculative, and some of 

them lack rigorous experimental or theoretical support. 
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*Strategies for avoiding the use of molecular dihalogens  
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