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Osme bond: anisotropic distribution of electron density in action 
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The distribution of the electron density on the surface of molecules is typically anisotropic. This leads to regions featuring positive 

potential that can behave as electrophilic sites in attractive interactions involving regions in surrounding molecules having a negative 

electrostatic potential. Based on this mindset, a systematic rationalization of intermolecular interactions began in the 1990s, when on 

the surface of halogen atoms a region of positive electrostatic potential, the so called -hole,[1] was identified and explored as a new 

tool in supramolecular chemistry. 

Analogous -holes were then found on other elements of p-block of the periodic table (elements of groups 14,[2] 15,[3] and 16[4]), 

and at the same time the awareness grew that also chemical interactions can be rationalized as periodic properties. The attractive 

interactions occurring between these positive regions and nucleophilic sites are now topics of intense research. 

Although in adducts involving d-block elements the identification of electrophilic and nucleophilic moieties is generally nontrivial, 

some -holes have been identified on metals in some of these adducts. This is the case, for instance, of positive -holes on the group 

11 metals in respective halides [5]. 

Here, we report how the crystal structures of adducts between nitrogen or oxygen nucleophiles (pyridine or pyridine N-oxide 

derivatives) and osmium tetroxide show short noncovalent Os∙∙∙N/O contacts. Theoretical evidence suggest that these contacts are σ-

hole interactions, and that similar adducts of other group 8 elements behaves in a similar way.[6] We propose the term “osme bond” 

(OmB, Om=Fe, Ru, Os, (Hs)) for naming the noncovalent interactions wherein group 8 elements behave as electrophile. 

 

Figure 1. Osme bonded adducts of OsO4 with 4,4’-bipyridine (top) and [4,4'-bipyridine] 1,1'-dioxide (bottom). OmBs are depicted as 

black dotted lines; Nc and interaction angles are given. White, hydrogen; grey, carbon; blue, nitrogen; red, oxygen; navy, osmium. 
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