PHYSICAL INTERPRETATION OF THE SUBSTITUENT EFFECT – THE QUANTUM CHEMISTRY APPROACH
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Substituent effects are most frequently considered by the use of similarity models with the Hammett or Hammett like substituent constants as quantitative descriptors. This kind of approach is very fruitful but it does not allow to describe electron donating/attracting properties of substituents in other situations than those present in reference reactions. Moreover, the general term “substituent effect” can be applied to different kinds of intramolecular interactions in X-R-Y systems: (i) the impact of substituent X on the properties of a fixed group Y, known as a classical understanding of the substituent effect,1 (ii) the effect of X on the properties of transmitting moiety R, (iii) interrelations between some properties of Y due to the influence of the distant substituent X, and (iv) influence of the fixed group Y or  -R-Y on the properties of substituent X, named as the reverse substituent effect.2 A classical view on the substituent effect is associated with an empiric approach presented by Hammett.1 An application of the quantum chemistry modeling allows to find descriptors which are characterized by clear physical meaning and are able to reveal all aspect of the substituent effect. The following quantum chemistry descriptors can be used for this purpose: (i) cSAR(X or Y) describing atomic charges at CX or CY parts of molecules, (ii) SESE, the energetic consequences of interactions between X and Y in X-R-Y systems and (iii) sEDA and pEDA – population of electrons at sigma and pi orbitals of planar systems (or their fragments). In addition, the Y group is also characterized by its structural parameters, whereas the transmitting moiety – by aromaticity index HOMA. 
Quantum chemistry modeling by means of charge of substituent active region (cSAR) allows to estimate electron donating/attracting properties for any X substituent in any substituted pi-electron systems. Then, by comparison with cSAR(X) in the reference reaction, mentioned above, allows to transfer cSAR(X) values to the "language" of well-known substituent constants.3 This is allowed because cSAR(X) values are well correlated with the substituent constants.
Therefore, the substituent effect descriptors based on quantum chemistry modeling are able to present more detailed information on physical aspects of the problem.
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