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IS CHARGE DEVELOPMENT A MEASURE OF SN2 TRANSITION STATE STRUCTURE?
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Summary. Application of the configuration mixing model to the S,2 reaction illustrates that
charge development in an S 2 reaction is not linearly related to the position of the transition
state along the reaction coordinate.

There is an intuitive belief in chemistry that the extent of charge development in a
transition state is dependent on the earliness or lateness of that transition state. For
example, in the SNZ reaction of an anionic nucleophile with a neutral substrate (eq. 1), most

of the negative charge would be expected to be localised on the nucleophile for an early
N+ RX —— NR + X (1)

transition state, as indicated in 1, while for a late transition state most of the charge would

be localised on the leaving group, as indicated in 2.
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This belief presumably stems from the Leffler-liammond postulate2 which attributes to the transi-
tion state characteristics intermediate between those of reactants and products. Thus "early"
transition states are expected to have reactant-like charge distributions, while "late' transi-
tion states are expected to exhibit product-like charge distributions.

In this communication we wish to suggest that the above supposition is often invalid and

that charge development in the transition state, in general, is unrelated to the position of the

transition state along the reaction coorainate. For an SNZ reaction on CHSX, for example, about

cqual negative charge on both nucleophile and leaving group is ecxpected for the entire range of
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transition states - from "carly' through to 'late'.
In recent papersJ we have shown that reaction profiles may bec built up using the method of
linear combination of valence-bhond configurations. This approach was utilised for substitu-
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sa,b,e, f ¢limination and proton-transfer reactions. Application of this methoc to a

tion,
. . 3e,f . . . . -
simple S 2 rcact1onbe’ suggested that two key configurations are involved in determining the
N
reaction protfile. These are the reactant contiguration, 3, and the proauct configuration, 4.
N:T O ORe eX Ne o eR XD
2 4

A schematic plot of these two configurations as a function of the reaction coordinatc is illus-
trated in Fig. 1. Using this model, it is apparent that the position of the transition state
along the reaction coordinate will be in the vicinity of the intersection point of the two VB

configuration curves. Thus the wave function, deseribing the transition state will reflect
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the fact that both configurations arec of equal energy at the crossing point by having equal

weights as indicated in eq. 2.
[ oo T e WX S X ]
(n: R X) + (N R :X) J (2)

On the basis of eq. 2, the charge on the nucleophile and the leaving group will be the same and
equal to 0.5. Consideration of small contributions of higher energy configurations may modify
the value of 0.5 somewhat but is not expected to significantly disturb the charge equality.4

The important point is that the above conclusion holds regardless of the position of the

transition state along the reaction coordinate. Making the nucleophile more powerful, or re-

placing the leaving group by a better one, will lead to a lowering of the energy of configuration
4 relative to 3. This is indicated in Fig. 1 by the broken line. Of course, the transition
state is now '"earlier" in accord with the Bell-Lvans-Polanyi principle;5 however electron

transfer also takes place "earlier" so that the transition state is still described by eq. 2 in

which ~ 0.5 electronic charge has been transferred. We see therefore that charge distribution

within an SNZ transition state is not direcctly related to the position of the transition state
along the reaction coordinate, and in any event is certainly not expected to be a lincar function
of the geometric change along that coordinate.

The idea that charge redistribution is not linearly related to the geometric change along
the reaction coordinate has support from other reaction types. The reaction of an alkali metal,
€.g. K with a halogen atom, e.g. Br, to give the ion pair, e.g. KBr, has long been represented
using VB configurations, M- X and M+ X_.G The M----X distance at which electron-transfer

from M to X takes place is given by the approximate cquation 3,

2
y - Ao ® ;“ (5)
where 1M is the ionization potention of i, AX is the clectron affinity of X and r is the
M----X distance at which the electron is transferrcd. The better the donor-acceptor iIX pair,
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the Yearlicr" the clectron transfer, in close analogy with the sz model . Thus both reactions

share the feature that charge transfer takes place owing to crossing of the two VB configura-

tions, and this may occur either early or late along the reaction coordinate.

Comparison of SNZ reactions with electron-transfer processes between metal complexes also
suggests certain similarities. For these redox reactions, metal-ligand hond reorganization is
required to accompany electron transfer.8 This takes place when donor and acceptor complexes
attain appropriatc metal-ligand bond lengths, so that reactant and product configurations hecome
of equal energy. Tt is at this point - the transition state - that the electron transfer pro-
cess takes place. liere, also, as in the SNZ cas?, clectron transfer is centered in the transi-
tion state region regardless of the TS geometry.
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Fig. 1: Schematic energy diagram for reactant (N: R- +X) and product (Ne R :X') configura-
tions along the SNZ reaction coordinate. Dotted linc indicates the product configura-
tion curve, using a better nucleophile or leaving group. While the morc reactive
system (dotted line) is seen to have an "earlier' transition state, wTS (eq. 2)

remains invariant.
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Ab initio MO calculations wiiich were conducted to verify the Sy2 transition state charge
aistribution computationally, were of little value. Charge distributions were found to be
very basis set dependent highlighting the well-known deficiencies of the Mulliken populaticn
analysis. Interestingly though, for the transition state of !~ + CiizF at the highest
level of calculation used (3-21G + CI), essentially equal charges on il and F were obtained
(H: -0.67; F: -0.63) despite the asymmetric transition state.
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