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CUBIC REACTION COORDINATE DIAGRAM IN THE NUCLEOPHILIC SUBSTITUTION PROCESS
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ABSTRACT: A three-dimensional diagram obtained from the More O'Ferrall plot by the addition of one more perpendicular
coordinate reflecting the biradicaloid character of the transition stote is proposed for analysis of Sy reactions.

The Mors O'Ferrall diagram has been widely applied for the gualitative detsrmination of energy barriers and the
tronsition state position in Sy reactions [ 1]. Nevertheless this disgrem lacks en explanetion for the nucleophile dependence on
the fonization potentials [ 2a], the 0c-effect [2b], different reectivity of nucleophiles with the same basicity [2c], and some
other effects.

The purpose of this communication is o present a multi-dimensional diagram which is capable of explaining many
feetures of Sy reections. This new diegram con be drawn by the eddition of one more perpendicular coordinete to the More
O'Ferrall plot. The new coordinate reflects the biradicaloid character of the transition state (Figure 1). The transition state
position along the reaction coordinate { 1-3 diagonal) is quatitatively determined with the Hammond postulate [3], and along the
perpendicular coordinates 2-4 and 5-6 with the Tharnton's rule [4]. In other words, {f the state (Y - R .. X) has lower energy

then (Y .. R - X), it makes a greater contribution to the transition state because of the more pronounced dependence of 6™ on the
energy of transformation of the reagents to (Y - R .". X).
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Figure 1. The More 0’'Ferral plot with Figure 2. Cubic reaction coordinete
additional perpendicular coordinete. diagram for Sy2 reections.
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in contrast to the More O'Ferrall plot in which the a6™ is a function of the diagram’s four corners relative energies
[S1, in our model the energy barrier depends also on the energles of states S and & in the diagram (Figure 1). Unfortunately, the
experimentsl determination of these energies is impossible. However, application of an exlended three dimensional diagram
(Figure 2) solves this problem. It con be seen from Figure 2 that the a6™ depends not only on the nucleophile and the leaving
group effinity to the R*, but olso on their fonization potentials, substrate RX end product RY electron affinities, and other
fectors.

We will consider s an example the cubic diegram application for explanation of the 0¢-effect. Thus, the methyl cation
affinity of the hydroperoxide snion is slightly lower then that of the hydroxide anion (272.6 end 276.3 kcal/mol
correspondingly) (6], but its reectivity is much higher both in the gas phase [ 7], and solution [8]. The similar methyl cation
affinity of both anions results in cless energies for the four corners at the More 0'Ferrall plot presentation of their reaction with
CHzX. Thet is why the higher reactivity of H0;™ can be explained with lower energy of states (Y - R .. X) and/or (Y .. R * X} in
reactions of HO>™ in comparison with HO™. The relstively low ionization potential and the high polarizability of the
hydroperoxide anion stabilize these states in comperison with the reactions of | hydroxide enfon , and couse the observed
differences in reactivity of the anions.

The incresse in polarizability of the nucleophiles from the third and subsequent rows in the Periodic Table causes a
relative stabilization of the states (Y - R .- X) and (Y - R - X) in comperison with the same stetes for the nucleophiles of the
second row. Thus our approach gives 8 visual explanation why nucleophiles with a simflar basicity, such as alcohols, thiols, and
selenols, show appreciable differences in reactivity.

The three-dimensional diagram can be applied for the explanation of the superweak nucleaphilicity of perchlorate and
sulfonate anions in comperison with the fodide anion, which also shows low basicity, but is & good nucleophile. lodide anion is a
very polarizable anion, and C104™ is one of the hardest among the nucleophiles. The greet difference in energy of the states (Y - R
<. X) ond (Y .. R - X) thus leads to such a difference in nucleophilicity for these anions.

Analogous n-dimensional diagrams can be applied for the explanation of unusual kinetic effects in different reactions
such as: poler effects in redical reactions; substrate and position selectivities in aromatic substitution; dependence of alkens
reectivity in Adg reactions on their fonization potentials, etc.
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