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QUANTUM-CHEMICAL INVESTIGATION OF 4-0XO-2-THIOXO-
SPIRO(BENZO{[#|QUINAZOLINE-5,1'-CYCLOALKANES)
IN ALKYLATION REACTIONS

K. V. Karapetyan, V. I, Terenin, A. 1. Markosyan, and R. A. Kuroyan

The method of CMC was used to study the electronic and steric structure of 3-substituted 4-oxo-2-thioxo-
spiro(benzofh]quinazoline-3,1"-cvcloalkanes) and the corresponding deprotonated forms, as well as their
indexes of reactivity in alkvlation reactions. The calculated values of charges on the atoms and of m-orbital
partial densities on the HOMO and LFMO enabled a quantum-chemical explanation for the formation of
S-alkviated products to be given.

The quantum-chemical method of CMC gives results closest to the experimental ones in the case of
heterocyclic systems [l, 2]. The present work is a continuation of investigations of 3-substituted 4-oxo- and
4-thioxospirobenzo[/]quinazolines, namely 2-thioxo-4-oxospiro(benzo[h]quinazoline-5,1'-cycloalkanes) containing
various substituents at the N3, atom, in alkylation reactions [3].

(CH,),,

In=1,R=H;lln=1,R=Me; lll n= 1, R = cyclopentyl; IV n = 1, R = cyclohexyl;
V n= 1, R = cyclopentylmethyl; VI n = 1, R = cyclohexylmethyl; VIin =1, R =Ph;
VIl n= 1, R =p-tolyl; IX n= 1, R =p-anisyl; X n =1, R =benzyl; XI n = |, R = phenetyl;
Xlln=2,R=H; XllIn=2,R=Me; XIV n=2, R =cyclopentyl; XV n =2, R = cyclohexyl:
XVIn =2, R =cyclopentylmethyl; XVII n = 2, R = cyclohexylmethyl; XVIIIn=2,R =Ph;
XIX n=2, R =p-tolyl; XX n=2, R = p-anisyl; XXI n=2, R =benzyl, XXII n =2, R = phenetyl

The alkylation reaction of 4-oxo-2-thioxo-spiro(benzof/i]quinazoline-5,1'-cycloalkanes) is conducted
experimentally in two stages: the addition of KOH to obtain the potassium salt, and then alkylation of this salt with
an alky! halide [3].

The charges on atoms (for the charge-controlled reactions) and n-clectron partial densities (for the orbital-
controlled reactions) were selected as indexes of reactivity.

The stable hydroxide ion will attack the atom carrying the highest positive charge (charge thermodynamic
control). The calculated distributions of charges on the atoms are qualitatively of the same type for the molecules
I-XXIL For all molccules, the lowest value of the charge on the N, nitrogen atom is characteristic (Table 1).
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Starting from the theory of resonance, the corresponding anions of the molecules I-XXII after
deprotonation with alkali may have the following resonance structures:

Calculation of the lengths and order of bonds in the corresponding anions of the molecules Ii-XXIli
showed that the highest contribution to the delocalization of the negative charge is made by the resonance structures
ig and i.;.

Calculation of the population density of the molecular orbitals by the method of CMC for the anions of the
molecules Ii-XXIli indicates that the highest partial g-orbital density on the HOMO is centered on the sulfur atom
(Table 1), so indicating its high nucleophilicity. The atoms of sulfur and oxygen have the highest, and practically
the same, charge density. Therefore, the selection of the w-orbital density on the HOMO as the index of reactivity
at the stage of alkylation of the ion (orbital kinetic control) leads, according to the calculations, to a single
alkylation routc — alkylation at the sulfur atom.

The sclection of the charge on the atom as the index of reactivity at the stage of deprotonation, and of the
m-orbital partial density on the HOMO at the stage of alkylation for the whole series of 4-oxo-2-thioxo-
spiro(benzo[/1]quinazoline-5,1'-cycloalkanes), corresponds completely with experimental data for the alkylation of
the compounds XII, XIX, and XXI [4].
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