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Results of ab initio MO calculations of the dihydropyridine molecules J— ¥V are confronted with
analogous CNDO/2 and MINDO/3 calculations. The molecular energies calculated by means
of the 4-31G base predict the 6pi-electron isomers I and 77 to be the most stable dihydropyridine
forms in contrast to the STO-3G and CNDO/2 data preferring the 4pi-electron isomers II/— V.
The charge distributions calculated non-empirically and semiempirically show different characte-
ristic features.

The five isomeric compounds I~ V represent basic heterocyclic systems for a number
of significant dihydropyridine derivatives!'2. So far, out of them it was possible
to isolate and characterize spectroscopically in unambiguous way>** only 1,4-di-
hydropyridine (II) representing a not very stable substance. The existence of the
1,2-isomer I is presumed®® in mixtures with 1,4-dihydropyridine (II) produced
by reductions of pyridine with hydrides. Only 1-methyl-1,2-dihydropyridine was
prepared’ as an extremely labile substance. No experimental evidence is available
so far concerning the existence of the other isomers III— V. Therefore, quantum-
-chemical calculations of the molecular structures can be considered interesting,
since they promise to enable estimates of relative stability and, hence, synthetic
accessibility of these compounds. Besides simple HMO calculations? concerning
only the isomers I and II there exists an extensive MINDO/3 study by Bodor and
Pearlman® involving not only all the isomers I — V but also some 1-methyl derivatives,
bicyclic analogues and ionized forms. The authors® do not give the calculated mole-
cular energies, but on the basis of semiempirical heats of formation they arrived
at the following stability order: Il > IV > [ > V > III. This conclusion is particularly
interesting with respect to the relative preference of the 3,4-isomer IV, because
on the basis of the existing derivatives it is usually presumed! that the both 6pi-elec-
tron structures I and I should be energetically preferred to the 4pi-electron structures
I1I—V due to more extensive conjugation. With the aim to find the extent to which
the used MO approximation affects the prediction of relative stabilities of the com-

3 Part XLV in the series On Dihydropyridines; Part XLIV: This Journal 45, 3370
(1980).
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pounds I — V'we have now carried out the ab initio STO-3G and 4-31G as well as semi-
empirical CNDO/2 calculations and compared the calculated energy characteristics
and electron distributions with the mentioned® MINDO/3 calculations. The results
obtained are given in the present communication.

1 i v

CALCULATIONS

All the non-empirical calculations were carried out with a Cyber 172 computer using a standard
version of the Gaussian-76 program. As the precise molecular geometries of the structures /— V'
are not known, and their non-empiric optimization is not technically feasible for us so far, the
geometries used in the calculations are those obtained by semiempirical optimization. In the
series A the geometries used were optimized with respect to all degrees of freedom by the gradient
method® on the basis of the CNDO/2 wave functions. In the series B we used the published®
geometries I— J obtained similarly on the basis of the MINDOQ/3 wave functions. The molecular
energies obtained in the series B by the STO-3G calculation for the model I— V were invariably
somewhat lower than those in the series A (Table I). Therefore, the more time-consuming cal-
culations were only carried out in the series B which is closer to physical reality according to the
mentioned criterion. ;

A closer comparison of the calculated geometry parameters in the series A and B shows,
that whereas in the series B the heterocycles in the molecules I— J have plane arrangemente,
in the series A the CNDO/2 calculation results in disturbed planarity of the rings (boat or twist
boat), the bond geometry at the tetrahedral carbon centres being closer to the classical sp3
hybridization. The differences between the series A and B with respect to bond lengths and the
other angles are, however, minimum, the following systematical deviations being observed: in the
series A the bond lengths type C2,—C2, C2,—C3,, C3,—C3,, and C3,— NZ, are always somewhat
smaller, whereas the bonds Cfp~Ns3p are somewhat longer. These differences are obviously due
to detailed differences between the energy hypersurfaces of CNDO/2 and MINDO/3 wave
functions in the region of the deepest energy minimum.
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RESULTS AND DISCUSSION

Energy characteristics and stability of the molecules. Table I gives the semi-
empirically and non-empirically calculated molecular energies. Similar to the
MINDO/3 calculations®, their relative values E,., are particularly low with the
ab initio data, so that any energy preferences in the series of the non-substituted
dihydropyridinesI — V' can hardly be considered significant, and they do not exclude the
existence of any isomer under suitable conditions. However, the found orders of the
overall energies Egcp are noteworthy. Regardless of the chosen series of the starting
geometry parameters (A or B), the CNDO/2 and STO-3G energies predict a higher
reversible (thermodynamic) stability of the 4pi-electron dihydropyridines as com-
pared with the 6pi-electron isomers I and 11 (V> HI>IV>I>ITandIV> V>
> III>1I>1Tintheseries A; V>l >IV>I>Hand V> IV>IIl> Il > 1
in the series B). On the contrary, the 4-31G calculations, using the starting valence-
-split function, prefer unambiguously the 6pi-electron isomers I and II to all other
forms II]—V and show thus the critical role of the used base in application of the
ab initio calculations to estimation of energy stability of isomeric molecules. At this
point of interpretation of our calculations, however, a possible influence of correla-
tion energy (whose contributions to the overall molecular energies, of course, were not
calculated within the used one-electron SCF approximations) should not be neglected.
If (due to the present available computer capacity) we limit ourselves to qualitative
considerations, we can expect higher contributions of the correlation energy with the
isomers I and II because of their more extensive 6pi-clectron delocalization. That
means that the involvement of the correlation energy E,,, could result in a more
marked decrease of the overall molecular energy of these particular molecules I and I1,
which could change (in the case of the CNDO/2 and STO-3G calculations) the order
of the values Escy + E, in favour of greater energy preference of 6pi- (I, IT) to 4pi-
-electron isomers (III—V). On the contrary, in the case of 4-31G calculations the
involvement of the E_ .. term could only result in extension of energy span between
the molecules I, II and 111 —V, so that in this case the preference of 1,2- and 1,4-iso-
mers I and I can be considered physically justified on the basis of mere Eqcp values.
This interpretation of the 4-31G calculations, obviously, does not contradict the con-
clusions by Bodor and Pearlman® made on the basis of the MINDO/3 heats of forma-
tion, and, furthermore, it eliminates the unexpected preference of the 3,4-isomer IV
to the 1,2-isomer I. However, the latter fact is not considered significant, if con-
siderable probability of the prototropic enimine-dienamine tautomerism IIl =1 =V
and II = I'Vis taken into account in which the equilibria should be generally shifted
in favour of the 6pi-electron tautomers I or I1 according to both the 4-31G calcula-
tions and the mentioned authors®. Although the tautomerism IT == IV has not yet
been found with the synthetized?** compound I1, it cannot be excluded as one of rea-
sons of the observed lability of II. These considerations of tautomerism are also
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supported by the fact that simpler alkyl derivatives of dihydropyridines I1I and V
could so far be prepared!''°~ 13 mainly in the cases when character of substituents
in the heterocyclic skeleton prevented migration of the proton to nitrogen atom
accompanied by the corresponding shift of double bond (geminal 2,2- or 3,3-dialkyl
derivatives). The found coexistence'* of 2,6-ditertbutyl derivatives of the compounds
II and IV can also be connected with the mentioned tautomerism.

Generally, dihydropyridines are considered to be pi-electron donors!, and, there-
fore, their chemical stability can largely be connected with ionization potential (IP).
Our calculated IPs of the compounds I — Vare compared (Table IT) with the analogous
MINDO)/3 values®. Obviously none of the CNDO)/2, STO-3G, and 4-31G calculations
for the 1,4-isomer II approaches to the experimental® IP = 7-45 eV as close as the
MINDO/3 calculation® does which, however, is parametrized for these purposes!>.
The ab initio calculations carried out give the TP values which are evidently too low,
whereas the CNDO/2 method generally leads to too high IPs. However, in general
the data of Table IT agree in that they show that the energetically more stable 6pi-
electron isomers I and II should be better pi-donors and, hence, more labile to re-
actions involving ionization or splitting off of an electron (protonation and
oxidation). '

Character of the frontier orbitals. Within the geometrical models of the series B
both the HOMO and the LUMO are strictly of pi-type with all the isomers I—V.
Character of the mentioned MOs depends little on the way of the MO calculation,

TABLE 11
The calculated ionization potentials for the compounds 7— e

1P, eV

Isomer
CNDO/2(A) CNDO/2(B) MINDO/3(B)b STO-3G(A) STO-3G(B) 4-31G(B)

1 10-26 9-74 7-50 541 "4-95 668
1 10-77 9-72 7-48 600 502 6-84
m 1133 11-67 843 7-29 7.27 8-84
v 1127 11-54 8-52 7-01 715 8-59
14 1172 1199 8:52 7-09 7-83 926

¢ According to the Koopmans theorem, the symbols in brackets refer to the starting geometry
(see Calculations); ? taken from ref.%.
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only the absolute values of coefficients of AOs being different in the various used
methods. Similar to the MINDO/3 calculations® the HOMOs show an important
bonding contribution of antisymmetrical combination of 1s AOs of hydrogen atoms
of methylene groups expressing thus the operation of hyperconjugation and homo-
aromacity effects in the electronic structure of the studied molecules. The LUMOs
of the models I and I1I— ¥V show analogous non-bonding contributions of 1s AOs,
wherefrom it can be concluded that electron excitation will result in weakening
of bonds in the methylene groups and, hence, in tendency to aromatization of the
dihydropyridine skeleton. It is noteworthy that the energetically most stable 1,4-iso-
mer II shows practically no such participation of the methylene group in the LUMO
according to the 4-31G calculation.

Charge distribution. The atomic charges obtained by the CNDO/2 and STO-3G
calculations differ little in the series A and B. Therefore, Table III only compares
the charge distributions in the series B, viz. those calculated semiempirically (CNDO/Z
and MINDO/3) and non-empirically (STO-3G and 4-31G). Both these basic types
of calculation lead obviously to qualitatively and quantitatively different results
but with overall identical features in all the isomers I— V. The semiempirical data
show, first of all, little realistic negative charges at many hydrogen centres. Further-
more, they overestimate localization of positive charges at the tetrahedral carbon
centres, and, on the other hand, they underestimate localization of negative charges
at the nitrogen centres. The non-empirical calculations show, besides, the known
tendency to the overall higher charge localization with increasing sp base, i.e. on tran-
sition from the STO-3G to the 4-31G calculations. The latter give the charge distribu-
tions of the molecules I — ¥ which are probably closest to physical reality.

The authors are indebted to Professor Nicholas Bodor, The University of Kansas, Lawrence,
Kansas 660 45, for valuable correspondence about the investigated problem.
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