
Terrahmfron Letters. Vol. 35, No. 35, pp. 6543-6546, 1994 
Elsevier Science Lld 

hinted in Great Britain 
0040-4039/94 $7.00+0.00 

OCMO-4039(94)01328-4 

A Novel Computational Approach to the Estimation of Steric Parameters 
Application to the Menschutkin Reaction 

II Donald B Jenkins*, Elizabeth J Kelly and Christopher J Samuel* 

Department of Chemistry. University of Warwick, Coventry CV4 7AL, England. 

Abstmu. A new purely computational approach to the cnimatton d sleric paramctas, suitable fw 
use in QSAR studies, is descrii and tested by application to the Menschutkh reaction of substituted 
pyridines. 

Quantitative structure activity relationships (QSAR)l for extensive sets of compounds can often be 

hampered by (i) the absence of tabulated substituent constants appropriate to the molecules under study, (ii) 

the lack of reported values for molecular properties, such as PK,, (iii) the fact that not only the substituents, 

but also the backbone or the heterocyclic nucleus to which the substituents are attached, may differ between 

compounds in the dataset. In this context, using apurely computational qprwch to obtain QSAR parameters 

is very attractive, since it ensures that data can be obtained for all compounds, thereby avoiding the problems 

outlined above, A number of conventional measures of electronic effects, such as electron densities, orbital 

energies and orbital coefficients, are available in this way, so if steric parameters can also be obtained from 

parallel calculations, there is a clear advantage. 

In this paper, we report just such a computational approach to the estimation of steric parameters. It 

was developed as part of our on-going study of the olfactory properties of aza-heterocycles having a bell- 

pepper odour and apparently similar compounds lacking that odour. which will be reported elsewhere. Here, 

we outline the approach and its validation, and show how we have tested it by applying the resulting 

parameters to a reliable dataset, that for the rates of the extensively-studied Menschutkin N-anethylation of 

substituted pyridiies.* - 
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We use the Ah41 semi-empirical MO method.3 as implemented in MOPAC.4 to calculate the proton 

affinities (Ap) and methyl ion afiinities (A,&, for reaction on the nitrogen atom, of an extensive series of 

substituted pyridines.5 We then make the assumption that, in the absence of steric effects, i.e. for pyridines in 

which the 2- and 6-positions are unsubstituted, protonation and methylation will both depend on electronic 

effects in the same way and will show a linear comeiation. In the case of 2-substituted pyridines, for which 

steric effects are important, they should have little or no effect on protonation, but a more pronounced effect 

on methylation. The data points for the latter should thus deviate from the correlation line obtained for 

unhindered pyridines and the deviation should be a quantitative measure of the steric hindrance around the 

nitrogen atom undergoing change. 
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This approach is parallel to that used by Galla el al.7 in deriving their So values, in the sense that they 

considered an experimental Bronsted plot for methylation of unhindered pyridines and derived their steric 

factors from the deviation of hindered pyridines from that line. The present approach dii from theirs in two 

respects. Firstly it uses purely calcuhted rather than expaimentd data and secondly it uses a “Bronsted plot” 

involving the them+mics of methylation rather than the kinetics. 

Figure. Correlation ofproton affinity (AP) and methyl 

ion atEn@ (A~=)/kl mol-1. The tine is the best fit line 

through the points for the unhindered pyridinw. 

For a series of IS substituted pyridines, lacking substituents at the 2-position (i.e. %nhinderedW) the 

calculated AMY shows a linear correlation with A,, (ii units of k.l n&t) according to equation 1 (see also 

Figure). The excellent correlation provides a first step in the validation of our approach. 

A,,,,e = (0.933 f 0.004) AP - (428.6 f 3.2) (0 
r = 0.9995, n = 15, s = 0.368, F = 69,927 

The slope of the correlation line is less than unity &ecting the f&t that at least some of the charge on the 

nitrogen in the methylakd p*dii will be delocalized on to the methyl group so that the electronic demands 

on the ring atoms and substituents will be less than for the protonated pyridine. 

For 10 of our 3- and 4-substituted pyridines, gas phase basicities have bea, report&L* These 

experimental data show good correlation with our calculated proton aflinities (r = 0.991), giving confidence in 

AM I as a suitable level of calculation. 

A further satisfactory validation of equation 1, in a region of the figure not covered by the data for 

substituted pyridines, results if we calculate A,+je for ammonia and use the value to predict the corresponding 

Ap. AMe is calculated from a combination of the AMI value for w(Me+,g) with data for A#Q’NH&9 and 

A#P(MeNI$+,g). to This leads to a prediction of AP very close to the currently accepted value. 1 1 
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The quality of fit in equation 2 is very gratifying and conllrms us in our belief that the approach will be 

of value in biochemical and medicinal QSAR studies. Replacement of the pK,. an empirical quantity, by our 

calculated Ap as an alternative measure of the electronic effect of the substituent, reduces the correlation 

coefllcient only to 0.917. Replacement of our calculated d by the empirical fl improves the fit, as, indeed it 

must do, since these rate constants are the data which were used to define the latter parameter set. It is not 

surprising that the computational approach does not improve on the empirical parameters, but these results 

indicate that even a two parameter equation in which both parameters are obtained computationally holds 

promise in this context. 

The coefficients in quation 2 can be interpreted in conventional mechanistic terms. The coefficient of 

the steric term shows that the methyl group experiences, in the transition state, 65% of the steric hindrance 

which it experienoes in the methylpyridinium ion, and the value for the coefficient of the electronic term 

implies an effective charge of + 0.43 on the nitrogen atom in the transition state. 
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