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a new kind of molecu- _ _. _. Abstract: Reaction potential maps (RPM) are proposed as 
lar reactivity index. They involve both the electrostatic and orbital inter- 
actions between reagents, and are potentially helpful in elucidating the site 
selectivity observed in a variety of chemical reactions. 

The calculation of electrostatic potential maps (EPM) as a guide to the 

reactive regions of molecules was pioneered by Bonaccorsi et al. 1 The intro- 

duction of their methodology constituted a marked improvement over previous 

methods of analyzing the reactive sites of molecules and was quickly adoptedas 

a major tool for the elucidation of reaction properties of biological com- 

pounds. 
2 

However, EPM involves only the electrostatic interactions between 

reagents, and its applicability is, therefore, strongly limited. Indeed, in 

their currently used form, these maps are drawn as functions of one of the 

substrates only and fail to include the effect of the other reagent. The ambi- 

dent character of nucleophiles, such as SCN-, for example, cannot be explained 

by Electrostatic Potential Maps. Furthermore, since the maps represent only 

potential energy fields, the effect of orbital symmetry is not represented in 

them. 

The interaction energy between two species comprises not only electro- 

static and polarization energies, but also exchange, charge transfer (function 

of orbital symmetry), and dispersion energies. 2 The equipotential energy maps 

involving all these components are functions of both reagents and display much 

more reactivity information than EPM alone. It is thus proposed that this kind 

of reagent dependent mapping, called hereafter reaction potential maps (RPM) 

could be more useful in exploring site selectivity and in predicting the 

reactivity of molecules toward different kinds of reagents. 

In our proposed methodology, we gain a qualititative understanding of the 

general trends of molecular reactivity by drawing the RPM's resulting from the 

interaction between various reagents and the molecule to be investigated. So 

far, we have considered the attacking reagents to be single and localized 

atomic orbitals. For example, in the study of the reactivity of the SCN- 
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anion, the model electrophile has a unitary positive charge and no electrons. 

Its empty Is orbital receives an electron pair from the nucleophile by a 

charge transfer mechanism during the rate determining step. The interaction 

energy is calculated from the rigorous perturbation equations given by Murrell 

et al., 3 and is obtained by summing up the energy components of the nucleo- 

phile(A)-electrophile(B) system: 

E. mt = EC + EI + ECT 

EQ = 2& + CZae2/RaB 

EI 
B 2 

= 2~~~Vik} /(Ek-Ei -<iilkk>+2<iklki>) 

ECT 
= 2Z{Vfb 

i 

where V 
B 
P4 

is the core attraction energy 

model particle and the electron density 

between the positive charge of the 

bPoqD 
and i and k are occupied and 

unoccupied MO's of the nucleophile, respectively. EQ is identical with the 

electrostatic potential energy used in the EPM study of a molecule against a 

proton. 182 

Notice that the perturbation term is valid only as long as the overlap 

- sibvfi~2/ (Eb-Ei) 

between the reacting species remains small. Thus the RPM's become meaningless 

at the vicinity of the atoms and boundary conditions must be carefully defined. 

So far, we have not found an absolute criterion for defining such boundaries 

and for the present have arbitrarily selected the region where the electro- 

static potential is negative, i.e. the EPM boundary, as that where the RPM 

calculations are believed to be valid. 

Two typical values were adopted for the orbital energy, &b, of the empty 

Slater 1s orbital of the electrophile; 0 eV for the soft electrophile and +6eV 

for the hard electrophile. The behavior of soft electrophile s is illustrative 

Figure 1. Electrostatic Potential Map of SCN-. Values are in eV. 
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of what can be expected from inorganic reagents such as Ag+ and Zn2+ and 

organic reagents such as saturated carbon-iodine or carbon-bromine bonds while 

the hard electrophiles represent electrophiles such as TX .+4, Mg+2, carbonyl 

derivatives, saturated carbon fluorine bonds, etc... 
4 Figures 1 and 2 show the 

EPM and RPM's of SCN- calculated by using CNDO/P wavefunctions. In EPM (Fig. 

l), two energy minimum regions are observed near the S and N atoms. These come 

from the large negative charges on the S and N atoms. The deeper minimum at 

CHS-SCN i 
CHSI RCOCl 

SC??_ e RCO-NCS 

NO 5 / \““; 
--MO2 

SCN- 

the N region indicates that electrophiles react preferably at the N atom. How- 

ever, it has been observed experimentally4 that SCN- forms isothiocyano deri- 

vatives with hard electrophiles whereas it binds as a thiocyano compound with 

soft electrophiles. This ambident character of SCN- cannot be elucidated by 

the EPM. 

In the RPM of SCN- with hard electrophiles (Fig. 2a), the minimum regions 

are shifted slightly from the EPM regions. This shift is due to the partial 

transfer of electrons from the sulfur 3p lone-pair orbitals (degenerate HOMO's) 

to the empty orbital of the electrophile. This charge transfer interaction is 

recognized remarkably in the RMP obtained for the soft electrophile (Fig. 2b) 

whose empty orbital is lower than that of the hard electrophile. In this case, 

the potential energy well near the S atom becomes deeper than that near the N 

atom, and this suggests that the SCN- anion can be attacked at the S atom 

rather than the N atom by soft electrophiles. 

It is thus found that the RPM's of SCN- represent well its ambident nu- 

cleophilic character. RPM's involve both the charge and orbital interactions 

and, therefore, reproduce the ambident character of nucleophiles which cannot 

be explained by EPM. In this preliminary study, the RPM analysis employs a 

model particle for the attacking electrophile. By adopting an appropriate 

model for other reagents the methodology can easily be used to study a large 

variety of reactions. A 1s orbital occupied by a pair of electrons, for 

example, can be used as a model for nucleophiles. Detailed calculation pro- 

cedure of the present RPM analysis as well as the RPM's of SCN- and related 

nucleophiles will be reported shortly. 
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Figure 2. Reaction Potential Maps of SCN- towards the (a) hard and (b) soft 

Electrophiles. Values are in eV. 
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