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Overview 

•   Intro to halogen bonding and the concept of the σ hole 

•   Thermodynamics of halogen bonding interactions 

•   Halogen bond catalysis 

•   Potential Applications of halogen bonding 

Background 

 

Dumas, J.-M.; Kern, M.; Dubry-Janier, J. L. Bull. Soc. Chim. Fr.  1976, 1785. 

Hassel, O.  Science  1970, 170, 497. 

The σ Hole:  A Provocative Picture 

•   How do halogens interact with Lewis bases? 

•   The halogen is termed the “halogen bond donor,” even 

though it is the acceptor of electron density.  The Lewis base 

is called the “halogen bond acceptor,” even though it is the 

donor of electron density. 

•   First observed in 1863 by Guthrie and  later by Norris  with 

amine complexes of dihalides 

• Proposed IUPAC Definition:  “A halogen bond occurs when there 

is evidence of a net attractive interaction between an electrophilic 

region associated with a halogen atom in a molecular entity and a 

nucleophilic region in another, or the same, molecular entity.” 

•   The term “halogen bonding” was introduced by Dumas1976. 

•    1969 Nobel Prize:  Hassel reports halogen bonding in  a crystal 

structure.  

Rissanen, K.  Pure Appl. Chem. 2013, 85, 1711. 

Guthrie, F.  J. Chem. Soc.  1863, 16, 239. 

Remsen, I.; Norris, J.  Am. Chem. J. 1896,  18, 90. 

•   Much early work concerned identification of halogen bonding in 

crystal structures and studying it theoretically. 
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Origin of the σ-hole 

 
• For atomic halogens, the pz orbital is “singly  occupied” and 

imperfectly shields the nucleus’s positive charge along this axis 

• When a halogen forms a covalent  bond, the electron density in its 

pz orbital becomes  polarized toward the bonding region, 

diminishing the electron density on the outer region of the  pz lobe. 

• Interaction of controversy?  Some argue that this interaction is 

simply electrostatic, and is not an interaction with the R-X σ* 

•  Computational evidence against LB donation in to R-X σ*  is that 

some interactions cause a strengthening and shortening of the R-

X bond 

•   Likely, halogen bonding  arises mainly from electrostatic 

contributions, but also has charge-transfer and dispersion 

contributions. 
Politzer et al.  Phys. Chem. Chem. Phys. 2013, 15, 11178. 

Tian et al.  J. Phys. Chem. A.  2004, 108, 1799. 

Murray, J.; Politzer P. Halogen Bonding:  An Electrostatically-Driven Interaction. 2nd 

International Workshop on Halogen bonding.  Milan, Itlay. May, 7, 2010. 
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Electrostatic model and the MO model 

 

Courtesy of N. Z. Burns, PI extraordinaire. 
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Factors affecting  electrostatic potential of the σ hole 

 

Terraneo et al.  Chem. Soc. Rev. 2011, 40, 2267. 

Taylor et al.  J. Am. Chem. Soc.  2010, 132, 1646. 

•   As a halogen bond donor:  F << Cl < Br < I  

•   More electron-withdrawing “R” = better 

halogen bond donor 

• Halogen bond ability:  R(sp3) < R(sp2) , R(sp) 

•   Polarizability of halogen 

•   Electronegativity of halogen 

•   Electron-withdrawing capability of “R” 

Strength of halogen bonding:  Brief Overview 

•   Typical strength of interaction:  0 – 10 kcal/mol 

 

Rissanen, K.  Tubulous and Porous Materials via Halogen Bonding. 2nd International 

Workshop on Halogen bonding.  Milan, Itlay. May, 7, 2010.   

Narayan et al.  J. Chem. Inf. Model. 2013, 53, 2781. 

•   Typically distance of interaction:  20% reduction of van der 

Waals radii between donor and acceptor 
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Knowles, R.;  Jacobsen, E.  PNAS  2010, 107, 20678. 

Paolo, T.; Sandorfy, C.  Can. J. Chem. 1974, 52, 3612. 

•   Halogen bonding can be competitive with hydrogen bonding 

•   This interaction has important implications for anesthetics 

free N-H 

stretch 

non hydrogen-bonded 

complex 

=>   This is really cool!  Halogens may not only increase the 

efficacy of drugs, but may be responsible for the mechanism 

of action!!! 



MLL GM 4-24-14 Halogen Bonding 

Terraneo et al.  Chem. Soc. Rev. 2011, 40, 2267. 

Ghomari et al.  Chem. Eur. J. 2011, 17, 10431.  

Ghomari et al.  Chem. Eur. J. 2011, 17, 10431 

Terraneo et al.  Chem. Soc. Rev. 2011, 40, 2267. 

Taylor et al.  J. Am. Chem. Soc.  2010, 132, 1646. 

Strength of halogen bonding:  Contributing Factors 

•   Nature of the halogen bond acceptor (EHOMO, HSABT, etc.) 

 

•   Electrostatic potential of σ hole on halogen bond donor 
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•   Denticity of halogen bond donors 

 Taylor et al.  Angew. Chem. Int. Ed. 2010, 49, 1674. 

Crabtree et al. J. Am. Chem. Soc. 1997,  119, 2325. 

Hof et al.  Org. Lettt. 2008, 10, 4653. 

•   If you need to find a complexation constant, check out the 

supporting info of Chem. Eur. J. 2011, 17, 10431.  It has 

~800 complexation constants for I2 with ~800 bases: 

Ghomari et al.  Chem. Eur. J. 2011, 17, 10431 

Taylor et al.  J. Am. Chem. Soc.  2010, 132, 1646. 
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•   Halogen bonding is highly directional, rigorously preferring 

a 180°geometry between halogen bond donor and acceptor 

Directionality of halogen bonding 

•   Complex interactions in binding pockets can cause 

deviation from this linear geometry 

Murray-Rust et al.  J. Am. Chem. Soc. 1986, 108, 4308. 

Taylor et al.  Chem. Eur. J. 2013, 19, 2050. 

  

•   Solvent Effects 

Taylor et al.  Chem. Eur. J. 2013, 19, 2050. 

Taylor et al.  J. Am. Chem. Soc. 2010, 132, 1646. 
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Directionality of halogen bonding 

 

Murray-Rust et al.  J. Am. Chem. Soc. 1986, 108, 4308. 

•   Halogen bonding can even occurs with Lewis bases as 

weak as neutral halogens.  

Murray-Rust et al.  J. Am. Chem. Soc. 1986, 108, 4308. 

Burns-lab-best-lab JACS+++, #1 
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Taylor et al.  Chem. Eur. J. 2013, 19, 2050. 

Huber et al.  J. Am. Chem. Soc. 2012, 134, 8507. 

Schmidtchen et al.  Chem. Eur. J. 2011, 17, 5972.  

Beer et al. Cryst. Growth Des. 2011, 11, 4565. 

  

•  Directionality in the case of bidentate halogen bond donors 
Enthalpy and entropy of halogen bonding 
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•   Bolm (2008) 

Halogen bond catalysis 

Schmidtchen et al.  Chem. Eur. J. 2011, 17, 5972. 

Bolm, C.  Synlett 2008, 6, 900. 

  

•   For calibration… 

Huber et al.  Angew. Chem. Int. Ed. 2011, 50, 7187. 

Huber et al.  Chem. Eur. J. 2012, 18, 1306. 

Huber et al.  Chem. Commun.  2012, 48, 9299.  

•   Huber (2011 – 2012) 
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Huber, Angew. Chem. Int. Ed. 2013, 52, 7028. 

Charette et al.  J. Am. Chem. Soc. 2009, 131, 16383. 

•   Disclaimer:  I am not a biologist.  The goal of this section is 

to distract you with pretty pictures so as to make you think I 

am one. 

•   IDD594 (an aldose reductase inhibitor) 

•  Aldose reductase reduces glucose to sorbitol, 

causing accumulation of excess sorbitol from 

diabetic hyperglycemia 

•   Br – O (2.97 Å, 152.8°)  [Normal: 3.37 Å, 12%] 

•   Charette (2009) 

¡Biology! •   Huber (2013) 

Terraneo et al.  Chem. Soc. Rev. 2011, 40, 2267. 
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•   Halothane (anesthetic; a WHO essential medicine) 

•   Ferritin is a protein that releases iron to 

synthesize heme and other iron cofactors 

•   (S)-halothane binds twice as strongly as (R) 

•   Br – O (3.10 Å, 144.9°)  [Normal: 3.37 Å, 8%] 

Terraneo et al.  Chem. Soc. Rev. 2011, 40, 2267. 

•   Triclosan (microbiocide commonly in toothpaste and soap) 

•   Inhibits enoyl-acyl carrier protein reductase 

(enzyme involved in fatty acid chain growth) 

• Cl – O (3.08 Å, 166.2°)  [Normal: 3.27 Å, 6%] 

Terraneo et al.  Chem. Soc. Rev. 2011, 40, 2267. 
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•   hcatL inhibitors (catabolism of collagen and elastin) 

Taylor et al.  Chem. Soc. Rev. 2013, 42, 1667. 

•   BI 201335 (NS3-NS4A protease inhibitor of hepatitis C) 

•   In phase III clinic trials for hepatitis C infection 

•   Br – O (3.0 Å, 169°)  [Normal: 3.27 Å, 11%] 

Taylor et al.  Chem. Soc. Rev. 2013, 42, 1667. 
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What can halogen bonding bring to the table? 

•   2014: 1077 hits!!! 

•   The field is blowing up but progress, especially in chemical catalysis,  lags behind.  

Metrangolo, P.;  Resnati, G.  2nd International Workshop on Halogen bonding.  Milan, Itlay. May, 7, 2010. 
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Extensions & some considerations 

•   What can halogen bonds do that hydrogen bonds cannot?  

•   specificity in anion binding 

•   stability to strong base (asymmetric ketone additions?) 

•   biological stability 

•   macrostructure of materials 

•   amphoteric behavior 

Ghomari et al.  Chem. Eur. J. 2011, 17, 10431. 

Taylor et al.  Chem. Soc. Rev. 2013, 42, 1667. 

•   Halogens in medicine 

•  The protein databank (2008):  1000 protein 

structures contained halogenated ligands, 154 

exhibited halogen bonding   

•   so far, halogen bonding interactions have been 

realized “after-the-fact” in crystal structures, and  

often not deliberately used as design elements 

•   orthogonal point of contact in drugs 

 

 

 

 

 

 

 

 

•   Can halogens do things that other structural 

features could not (anion transport across lipid 

membranes, aesthetic properties, etc?) 

• Not only binding affinity, but activity of a drug 

•   What role can enantioenriched halogenated drugs 

play? 

Taylor et al.  Chem. Soc. Rev. 2013, 42, 1667. 

Ho et al.  Nature Chemistry.  2009, 1, 74. 
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Extensions & some considerations 

•  What role can enantioenriched halogenated drugs play? 


