
Organic Chemistry Seminar

Professor Herbert Mayr
Department of Chemistry
Ludwig-Maximilians University

Philicities, Fugalities, and Equilibrium Constants
Which Factors Control Organic Reactivity?

Our understanding of polar organic reactivity is based on relationships between rate and
equilibrium constants. Thus, strong bases are generally considered to be good nucleophiles as
well as poor nucleofuges. Though exceptions from this general rule have long been known, a
systematic analysis has been problematic, because rate constants for the reactions of
nucleophiles with C-centered electrophiles have often been correlated with Brønsted basicities (i.
e., affinities towards the proton). For that reason, the origin of deviations from Brønsted
correlations could often not unambiguously be assigned.

In the last two decades, we have created comprehensive nucleophilicity,1 nucleofugality,2 and
Lewis basicity scales3 by using differently substituted benzhydrylium ions with widely variable
reactivity but equal steric demand as reference electrophiles,1 electrofuges,2 and Lewis acids.3
Relationships between these kinetic and thermodynamic parameters will be discussed with
emphasis on examples where the commonly assumed proportionalities break down.4 I will
discuss the origin of several counterintuitive phenomena, e.g. why strong nucleophiles can also
be good nucleofuges, and why weak nucleophiles sometimes substitute strong nucleophiles in
SN2 reactions. It will be shown that solvolysis rate constants of alkyl bromides and chlorides, but
not of carboxylates provide accurate information about thermodynamic stabilities (more precise:
Lewis acidities) of carbocations. Eventually it will be discussed why carbocations, which are
formed slowly in SN1 reactions are not always good electrophiles.5 The role of intrinsic barriers for
controlling organic reactivity will be analyzed.
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