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QUANTUM C H E M I C A L  STUDY OF 2-SUBSTITUTED 4-OXO- 

AND 4-THIOXOSPIRO(BENZO[h]QUINAZOLINE-5 ,  I ' -  

CYCLOALKANES)  IN A L K Y L A T I O N  REACTIONS 

K. V. Karapetyan, V. I. Terenin, A. I. Markosyan, 

and R. A. Kuroyan 

The steric and electronic structures of 2-substituted 4-oxo- and 4-thioxospiro(benzo[h]quinazoline-5,1'- 
cycloalkanes and their deprotonated forms have been calculated by the semiempirical PM-3 quantum chemical 
method. Using the conclusions of limiting orbital theory, a quantum chemical explanation has been derived, 

based on the calculations made, for the selectivity of aikylation of the systems investigated. 

No quantum chemical investigation has been carried out hitherto on 2-substituted 4-oxo and 4-thioxospiro- 

(benzo[h]quinazoline-5, l'-cycloalkane) systems. However, a study of the alkylation of these systems is of interest from the 

viewpoint of quantum chemical consideration of the accumulated experimental material. 
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I X - O,  n -  1, R - H ;  II X -  O,  n -  1, R - E t ;  lII X - O ,  n -  I , R - P h ;  IV X - O ,  n -  1, R -  Bz; 

V X - O,  n - 2, R - H;  VI X - O,  n - 2, R - Et; VII X - O,  n - 2, R - Ph ;  VIII X - O ,  n - 2, R - Bz; 

XI X - S ,  n -  I , R -  H; X X - S ,  n -  1, R - E t ;  XI X - S ,  n -  I , R - P h ;  XII X - " S ,  n -  1, R - B z ;  

XIII X - S , n - 2 ,  R - H ;  XIV X - S ,  n - 2 ,  R - E t ;  XV X - S .  n - 2 ,  R - P h ;  

XVI X - S ,  n - 2 ,  R - B z  

The aim of the present work was a quantum chemical study of the electronic structure and reactivity of 2-substituted 
4-oxo- and 4-thioxospiro(benzo0a]quinazoline-5,1'-cycloalkanes) in alkylation reactions. Calculations carried by the PM-3 
method for a wide range of compounds have shown that the present method, out of all the semiempirical methods, gives results 
closest to those obtained by nonempirical methods [1, 2]. 

According to the calculations, the pyrimidine ring emerges from the plane of the benzene ring in the molecules of (I) 
and (V) by 18 ~ in (II) and (VI) by 17.6 ~ in 0II) and (VII) by 4.6 ~ and in (IV) and (VIII) by 4 ~ For the deprotonated 

molecules (Ii)-(VIIIi) the angle of emergence from the benzene plane depends less on the structure of the substituent R and on 
average was 18 ~ Calculation of the bond lengths in molecules (I)-(VIII) and their corresponding anions (Ii)-(VIIIi) showed that 
on deprotonation the greatest changes in length occurred in the bonds N(I )-C(2), C(2 ) -N(3), No)-C(4), and C(4 ) -O,  which 
may be explained by the resonance stabilization of the anions obtained on deprotonation. 

The quantum chemical calculation of 2-substituted 4-thioxospiro(benzo[h]quinazoline-5, l'-cycloaikanes) (IX)-(XVI) 
indicated that the pyrimidine ring emerges from the plane of the benzene by 20 ~ on average (this also applies to the 
corresponding anions (IXi)-(XVIi) formed on deprotonation of the N(3 ) nitrogen atom). 

A. L. Mndzhoyan Institute of Fine Organic Chemistry, Armenian Academy of Sciences, Erevan 375014, Armenia. 
M. V. Lomonosov Moscow State University, Moscow 119899, Russia. Translated from Khimiya Geterotsiklicheskikh 
Soedinenii, No. 8, pp. I 118-1124, August, 1998. Original article submitted September 29, 1997. 

964 0009-3122/98/3408-0964520.00 �9 Kiuwer Academic/Plenum Publishers 



Y 
v 

o 

? 

! 

0 
t~ 

o 

0 

O 

o 

m 

0 

t~ 

t~ 

< 
[- 

- I ~o 
~'o~ 

~ 

o 

o ,  

r-- 

f 

~ o o ~  - ~ ~  ~ 

~__.~=~+~=~_ _ _ 
- ~ , - ~ . r ~ - ~ - ~ - -  . -  r~ ~ ' -~ .~  --" 

~ ~ ~ . ~ ~  

~," ~ " ~ , ~  " ,a  , a ~ ~  -'o ,~ " 

- , ~ o ~  ~ - . 

Ob.O ~0 ~ 0 0.~ O0 

~ ~ o ~ - ~  ~--. ~ ~-~ o ~ . ~  t...,, t "  k.~ 

965 



o 

< 

m 

~ ~ --. ~ ~ - 

~ ~ ~ ~ ~ _  _ _ _ _ _ ~  _ ~~__ _ 

~ ~ -  ~ ~  ~ ~ -  . ~ r  - ~  ~ 5  ~ - 

~ ~ ~ o ~ o  . . . .  o 
o o ~ ~ 1 7 6 1 7 6 1 7 6  

o o 

~o~o~o~o e ~  e o  e 
,...1 u 

966 



,Y 

v 

? 
,,,,-,t 

~4 

0 

0 

0 

(.) 

~4 

,.-1 

< 

I 
~ 0 0 

0 

a~ 

t . , , .  

.< 

.~-, 

ti" "~ ~" 'P 'i" 'P 

"2 ~ ~ ~ ~ "". o 

. ~ - . 7 ~ . ~  

0 
I 

. . . . . . .  ~ , ~  ~-,~ c~ 

- ~ ~ - ~  ,9-- - ~ - '~  - , a ~  - ~  

~ , ~ t ' , ~ e q ~ e q ~ r ~  ~ t ~  ' ~ l r ~ O ~  " 

~ o ~ 1 7 6 1 7 6  ~ - ~ o "  . ,~ 

- 

. . . .  , ~ , ~ - - - o  o" 

967 



0 

c',& 

< 

"o'qo'~s "o'q~"q ",sq,s,sq "o" ~"~" "- 

~~ ~ ~ -~~~ 
O0 O0 

- ~ -~ " ~  " . ~  ~ ~ q~o~ o o~o 

o o  oo oo oo o oo 

X X X X X X X X X 

968 



N 

il i 2 i 3 

Calculation of the charge on atoms and bond orders of the molecules (IX)-(XVI) and their deprotonated analogs showed 
that deprotonation was accompanied by a significant increase in the size of the charge on the sulfur atoms and on N(1 ) indicating 

the high contribution of the corresponding structures i 3 and i 2 to the overall equilibrium of resonance structures. 
Experimental alkylation of compounds (I)-(XVI) is a two stage process comprising deprotonation with alkali and then 

alkylation with alkyi halide (methyl iodide and ethyl iodide were used as alkylating agents). The corresponding N-methylated 
compounds were formed on alkylating 2-substituted 4-oxo-5,6-dihydrospiro(benzo[h]quinazoline-5, l'-cycloalkanes) (I)-(VIII) 
with methyl iodide in an alcohol solution of potassium hydroxide. Both N- and O-alkylation occurred on reacting 2-substituted 
4-oxo-5,6-dihydrospiro(benzo[h]quinazoline-5, l'-cycloalkanes) (II), (III), (IV), (VI), (VII), and (VIII) with ethyl iodide [3, 4]. 

The charge on the atom was selected as the index of reactivity at the deprotonation stage. The calculations (Table 1) 
indicate that a positive charge is centered on the NO) atom (electron-deficient center) of molecules (I)-(VIII). This leads to 

polarization of its bond with the hydrogen atom, leading to deprotonation in the presence of hydroxyl ion. 
Theoretically the reaction may go by two pathways at the alkylation stage: 

N ~  charge ~ .N .R orbital 
N- - control ~ N  ~- control 

(c_.I4z).] o 

1. Charge-controlled alkylation: O-alkylation occurs (the greatest charge is centered on the oxygen atom, see Table 1). 
2. Orbital-controlled alkylation: both O- and N-alkylation are equally probable since there is a large and practically 

identical r-orbital density on the oxygen and N(3 ) atoms (the largest a'-orbital partial density in the HOMO is centered on N(O, 
however due to steric hindrance to attack bY alkyl iodide, alk-ylation of this position is impossible). 

The use of ethyl iodide, which is a milder reagent than methyl iodide, leads to orbital control as the more preferred 
course for the reaction and explains the formation of products of N- and O-alkylation.~Methyl iodide as an alkylation agent 
directs the reaction along the pathway of charge control and leads to an O-alkylated compound, which is converted by 
rearrangement into the thermodynamically more stable N-alkylated compound. 

Calculated heats of formation of alkylated compounds: 

Compound O - M e ;  N - M e ,  Compound O - M e ;  N - M e ,  
kcal/mole kcal/mole 

I 7 .8;  1.3 V 6 .3;  - 1.3 

II -4 .1 ;  -12.1 VI -7 .0 ;  -14 .4  
III 35.1; 28.7 VII 38.6; 31.9 
VI 31.4; 24.0 VIII 28.7; 19.7 

The experimental data on the alkylation of thio derivatives (IX)-(XVI) indicate that on deprotonation a proton is 
removed from the N(3 ) nitrogen atom but subsequent alkylation proceeds at the sulfur atom (S-alkylation) [5, 6]. 
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The charge on the atom (kinetic control) was selected as the index of reactivity at the stage of deprotonating thio 

derivatives (IX)-(XVI). The data from the calculations indicate that a significant positive charge is centered on the N(3 ) atom 
(electron-deficient center) in the (IX)-(XVI) molecules. This leads to polarization of the bond with its hydrogen atom leading 
to deprotonation in the presence of hydroxyl ion. 

At the alkylation stage the r-orbital density in the HOMO (orbital control) served as the index of reactivity for 
molecules (IX)-(XVI). According to the calculations the greatest :r-orbital partial density in the HOMO was centered on the 
sulfur atom (Table 2) which also leads to an S-alkylation product. 
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