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ABSTRACT. ab initio molecular orbital calculation is performed to estimate the substituent effects for
meta-substituted pyridines. Electrostatic potentials are obtained from ab initio wavefunctions of the optimized
structures for the meta-substituted pyridines. Electrostatic potentials are shown to be minimum at nitrogen atom
of pyridines. The potential minima are good correlated with the substituent constants, 6, and with the ApK,,
respectively. It is found that the electrostatic potential minima can be used as a useful measure of substituent

W

effects.
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Fig. 1. Structure and numbering of the meta-substituted pyri-
dine for calculation.
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Table 1. Optimized parameter (bond lengths in A and bond angles in degree) for the mieta-substituted pyridines

Substituents, X

Parameter
H" OH NH, CH, OCH; F Cl CN NO,
rNi-C, 1.321(1.338) 1.320 1.316 1.322 1.325 1.318 1.318 1.316 1.317
rC-Cs 1.385(1.394) 1.385 1.393 1.387 1.386 1.380 1.385 1.391 1.385
rC;-Cy 1.384(1.392) 1.385 1.388 1.390 1.390 1.375 1.380 1.389 1.382
rCCs 1.380 1.382 1.381 1.376 1.384 1.383 1.380 1.380
r Cs-Cs 1.388 1.384 1.386 1.390 1.385 1.384 1.386 1.387
1 Ny-Cs 1.317 1.321 1.318 1.313 1.321 1.321 1.321 1.322
rCs-H 1.074(1.081)
rC;-F 1.328
rG;-Cl 1.738
r C;-C(CN) 1.442
r C-N(CN) 1.136
r C;-O(OH,0CH3) 1.351 1.348
r O-C(OCH;) 1.401
r C;-N(NH,) 1.397
r C;-C(CHs) 1.509
r C;-N(NO,) 1452
r N-O(NO,) 1.193
1.194
ZCNCs 117.7(116.9) 118.5 118.7 117.9 119.0 118.5 118.4 118.0 118.2
ZN,CCs 123.6(123.8) 123.2 123.9 124.5 122.8 121.9 1225 123.7 121.8
ZCCCy 118.2(118.5) 1184 117.1 1166 118.1 120.6 1194 1183 1205
ZCCCs 118.6(118.4) 118.2 119.0 119.6 118.8 117.1 117.9 118.3 117.2
ZLCCsCe 119.0 119.0 118.3 118.7 118.7 118.6 118.7 118.3
ZN,CCs 122.7 122.4 123.1 122.6 123.2 1233 123.0 123.9
ZCsCsC; O(CH) 180.0
£C,C; OH(OH) 180.0
ZN,C,Cy N(NH») 177.5
ZC,Cs NH(NH,) 242
152.5
ZN,C,C; C(CH») 180.0
£CyC3 CH(CH:) 0.0
120.1
-120.1
NG OOCH) 180.0
ZCL3 OC(OCH;) 0.0
£C; OCH(OCH;) 180.0
61.2
-61.2
ZN,CCy C(CN) 180.0
ZCC3 CN(CN) 180.0
ZN,C,C3 N((NOy) 180.0
ZC,C3 NO((NOy) 0.0
180.0

*Values in parentheses are taken from experimental results.”'
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Fig. 2. Electrostatic potential map(kcal/mol) for 3-cyanopy-
ridine calculated in the molecular plane from ab initio SCF
HF-wavefuction using 6-31G" basis sets. Dashed lines corre-
spond to negative potentials. The positions of the most neg-
ative potential are indicated: @ —55.92; A —53.28.
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Table 2. Electrostatic potential minima and ApK,, of meta-sub-
stituted pyridines, and Hammett substituent constants(G..,) for
the substituents

Substituent X V.(kcal/mol) ApK: on
NH, -7t.54 -0.83 -0.16
CH; -71.61 ~0.46 —0.069
H -70.42 0.0 0.0
OCH; —69.55 0.40 0.115
OH ~-67.27 0.42 0.121
F -63.83 2.24 0.337
Cl -62.27 2.40 0.373
CN -55.92 3.86 0.56
NO, -53.99 4.03 0.71

ApK,=pK.(H)-pK.(X), from ref. 27.
*Values are taken from ref. 28.
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Fig. 3. Correlation of V,;, and o, for the meta-substituted
pyridines. A regression line has slope=22.217, r=0.981.
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Fig. 4. Correlation of V., and ApK,, for the meta-substituted
pyridines. A regression line has slope=3.562, r=0.984.
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