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Conformational analysis and quantum-chemical calculations were carried out by means of the methods
MMP2 and SCF MO LCAQO in the CNDO/2 and MNDO approximation for the series of compounds
being functionalized 1H- pyrimidines. The analysis of the electron density distribution depending on the
substituents’ nature was done on the basis of the data obtained.

Introduction

We have written before about one simple synthesis of the functionalized 1H- Pyrimidines!. These compounds
are of interest for practice as perspective biologically active preparations2~5. It is important to investigate
their electronic structure with the aim of receiving information on the electron distribution in the systems
and its dependence on the nature of substituents. This allows for deeper understanding of the processes
occuring in the molecules and gives possibility of purposeful synthesis of new compounds with the properties
given beforehand.

In the present communication we give the results of theoretical investigations of 8 compounds being
products of the five-membered heterocyclic 2,3-diones reacting with NH- nucleophiles (ureas and thioureas).
General scheme of the reaction and the common skeleton of the compounds investigated are shown in Figure
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Figure 1. General scheme of the reaction and the skeleton of the compounds investigated
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Methodology

At the first stage we optimized the geometry of the molecules by the MMP2* method for molecular
mechanics®. The optimized values of atomic coordinates were used for further quantum-chemical calcula-

tions. Systematic calculations were made by the method MO LCAO SCF in the CNDO/2** and MNDO ***

7. The CNDO/2 method has been systematically parameterized for the most part of the

9,10

approximations

periodical system®. The standard parameters®° and programs!!:'? were used in the MNDO-calculations.

Results and Discussion

In Table 1 optimized geometrical characteristics calculated by means of MMP2 and MNDO methods are
given for the molecules 1-8.

The spatial disposition of atoms for the molecules 1-8 is shown in Figure 2. The same numeration
of atoms in molecular skeletons is used for comparative analysis. The experimental data on X-ray analysis
obtained earlier are shown!® for compound 1 only. The comparison of the structural parameters (bond
lengths, valent and dihedral angles) demonstrates satisfactory coincidence of the theoretical and experimental
values. Underestimated theoretical values of the C, = Sg bond lengths (1.61 A) for the compounds 1-3
in comparison with the data given in'® (1.654) and averaged data of the Cambridge Structural Database
(CSD)' (1.66A) attract attention. Comparative analysis of the bond lengths has shown that their values
calculated by the MNDO method are a little higher than the analogous ones calculated by means of the
MMP2 method.

The resting bond lengths in molecules 1-8 correlate satisfactory with the data of CSD15. As it is seen
from the values of the dihedral angles given, the pyrimidine cycle planarity does not depend on the nature
of atom X and substitutor R.

The comparison of the structural parameters obtained (bond lengths, valent and torsion angles) with
the data known from the publications'®14 tells us about their satisfactory agreement. 124 functions were
taken as the valency maximal base for calculations. The self-consistent energy values and wave functions
were obtained as a result. Based on the data, the rest of the electron structure parameters necessary for
analyzing the electron density distribution in the systems was calculated. The accuracy of self-consistency
is equal to 0.005 electron charge unit (€).

In Table 2 the effective charge distributions in the pyrimidine cycle and on the atoms adjusted are
given (the CNDO/2 method). Analogous charge distributions on atoms are obtained by means of the MNDO
method and not given here thereby. The data analysis (Table 2) showed that the charges in the atomic group
N; — C3(X7) — N3 depend on X7.

A small positive charge is on N; when X = S, but for X = O this charge varies in the limits of
-0.18/-0.22e. This is due to the ability of O7; (comparing with S7) of stronger polarization of the nearby
atoms and bonds. As a concequence, there is a greater positive charge (0.39¢) on C,.For the compounds
with the same Rg there is a greater negative charge on S; than on O;. For the rest of atoms the changes in
their charge are inconsiderable. The analysis of the electron density distributions on bonds is given in Table

3 in the form of the Wiberg’s indices W;;. Index W;; may be considered as a quantum- chemical analogue

* Molecular Mechanics Program
* Complete Neglect of Differential Overlap
** Modified Neglect of Diatomic Overlap
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AH=74.76 keal
Eq;=-24026.45¢v

AH{=69.997 kcal
E,=-25982.30ev

AHg=105.95 keal AHg=12.413 keal
Eo(=-31490.47ev Eqj=-21998.16ev

AHg=10.85 keal
E=-25999.07ev

AHg=15.79 kcal
Eg=-24012.65ev

AHg=1.24 keal
E,=-29884.52¢v

AHg=35.15 keal
Egj=-27512.30ev

Figure 2. The spatial disposition of atoms, heats of formation and total energies (calculated by MNDO) for the

molecules 1-8

of the bond (i-j) multiplicity and characterizes the strength of the bond. When varying X7, we can see the
difference in the values of W;; for the bonded atoms N; — C2(X7) — N3. Rather great values of W;; are
observed for the bond N; — C2 when X = S. On the other hand, the bond C; — X7 is more strong in
the compounds with X7 = O. It should be noted that all the bonds in the cycle are delocalized due to the
w-electron system presence. The ordinary bonds with the cycle (N3 — Rg and Cs — Cy) are weaker than the
formers. Further information on the compounds features may be obtained after the frontier orbitals analysis.

The highest occupied and the lowest unoccupied molecular orbital analysis (HOMO and LUMO,
respectively, see figure 3) has shown that they are formed by the orbitals of the pyrimidine cycle’s atoms
mainly. By this, the orbitals of the negatively charged atoms for HOMO, and the orbitals of the positively
charged atoms form LUMO, as a rule. Therefore, a molecule will demonstrate donor (acceptor) features
when participating in the reaction by the HOMO (the LUMO, respectively).
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Table 2. Effective charges on atoms for the systems calculated
Comp.
Atom 1 2 3 4 5 6 7 8
Ny 0.04 0.03 004 -019 -0.18 -0.21 -0.21 -0.22
Cy 0.29 0.29 032 040 0.39 038 040 0.38
N; -0.25 -0.26 -0.28 -0.24 -0.25 -0.25 -0.23 -0.23
Cy 0.18 019 016 020 0.21 022 021 0.21
Cs -0.13 -0.12 -0.16 -0.15 -0.12 -0.12 -0.13 -0.11
Ce 0.18 017 0.8 0.5 0.13 013 0.14 0.13
X7 -0.47 -0.47 -0.48 -0.35 -0.3¢ -0.34 -0.36 -0.34
Ry 0.08 011 0.12 003 009 012 011 0.12
o 0.27 028 025 024 0.26 026 0.27 0.26
O19 -0.32 -0.33 -0.31 -0.25 -0.28 -0.28 -0.30 -0.28
Cn1 000 0.01 -001 -0.01 -0.00 0.00 0.01 0.00
Cia 0.00 0.00 -0.00 -0.06 -0.04 -0.04 0.01 -0.04
u(Deb.) | 7.92 7.61 810 595 593 581 6.04 550

Table 3. The Wiberg’s indices for the pyrimidine skeleton bonds

Comp.
Atom 1 2 3 4 5 6 7 8
Ny — Csy 1.15 1.20 1.20 1.05 1.04 1.04 1.11 1.04
N, —Cg 1.29 1.25 1.26 1.18 1.16 1.16 1.20 1.15
N; — Rg 1.00 0.97 1.03 0.98 1.01 1.01 0.98 0.96
Cy — N3 1.28 1.26 1.25 1.10 1.10 1.10 1.11 1.10
Cy = X7 1.31 1.29 1.28 1.71 1.71 1.71 1.64 1.71
N3 — Cy 1.50 1.52 1.53 1.58 1.58 1.57 1.56 1.58
C4 — C5s 1.23 1.18 1.18 1.16 1.15 1.15 1.18 1.16
Cqy—C11 1.04 1.08 1.07 1.08 1.08 1.09 1.09 1.09
Cy — Cg 1.51 1.54 1.54 1.64 1.65 1.65 1.62 1.65
Cs — Cy 1.03 1.06 1.06 0.98 0.98 0.98 0.99 1.00
Co=01 | 1.77 175 1.77 181 1.80 1.80 1.78 1.80
Cg=Cip | 1.07 1.06 1.06 1.08 1.08 1.08 1.08 1.08
E(eV)
200 —— " T
N (N1:N3: C4 C6: C19) N
L00 ((NINIC4,CI8)  (N3:C4:CI8) (NI:N3:C4 3:C4:C6:C19) - N
B (N1:N3:C4:C18) o N3 CaC6:C19) (N1:N3:C4:C6:C19) (N1: N3 C4:C6:C19)
0.00_
0 (Nl Cs: s7)
9.00 (Nl N3:C5:57),
T NIN3: c5 S7)
T (N1:N3:C5:07)
-1000 F T T : T
(Nl N_3'_C'5_~o7)_.__
11.00 L oL N3C5 o7 (N1: N3C507) (Nl N3C5C6)
1200 F T — T —
Compounds
-13.00
1 2 3 4 5 6 7 8

Figure 3. Energy levels in “active zone” and atoms contained in HOMO/LUMO with a maximal weight

The energy levels disposition for the molecular orbitals entering into “the active zone” (the three last
occupied and the two first free MO) is presented in Figure 3. From the picture we see that the energy
levels for the occupied orbitals in the compounds 1-3 (X7 = S) are higher by their disposition than the
corresponding orbitals in their oxygen analogues. This indicates the higher stability of the compounds 4-8
containing oxygen in the position of X7;. The HOMO is nonbonding by its nature orbital including the
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atomic orbitals of X7 with the greatest weight. For the compounds 1-3 the closest (by its energy) to the

HOMO occupied orbital belongs to a free electron pair of sulfur and is a nonbonding orbital thereby. In

contrast to this, the same orbital for the compounds 4-8 is analogous by its structure to the LUMO.

A cknowledgement

The authors wish to express gratitude to Prof. A Dimoglu and Dr. N. Shvets for helpful and encouraging

discussions.
References
1. B. Altural, Y. Ak¢amur, E. Saripmar, I Yildinm and G. Kollenz, Monatsh. fiir chem., 120, 1015-20 (1989).
2. C. C. Cheng, Prog. Med. Chem., 67-70 (1969).
3. D. B. Mc Nair-Scott, T. L. V. Ulbricht, M. L. Rogers, E. chu and C. Rose Cancer Res., 15-19 (1959).
4. Sankyo Co. Ltd & Ube Industries Ltd. chem. Abst., 101, 1109392: Jpn Patent 59/36667 (84/36667) (1984).
5. E. Ziegler, M. Eder, C. Belegratis and E. Prewedorakis, Monatsh. fiir Chem., 98, 2249-53 (1967).
6. U. Burket and N. L. Allinger, Molecular Mecanics, ACS Monograph 177, American Chemical Society:
Washington D. C. (1982).
7. J. A. Pople and G. A. Segal, J. Chem. Phys., 44, 3289-94 (1966).
8. M. G. Bohm, R. Gleiter, Theor. Chim Acta, 59, 127 (1981).
9. M. J. S. Dewar and W. Thiel, J. Am. Chem. Soc., 99, 4899 (1977).
10. W. Thiel, J. Am. Chem. Soc., 103, 1413 (1981).
11. 'W. Thiel, In “Quantum Chemistry Program Exchange Catalog” Indiana University: Blumington, vol
14, Program 438 (1982).
12. J. P. Stewart, In “Quantum Chemistry Program Exchange Catalog”, Indiana University: Blumington,
vol 14, Program 455 (1983).
13. S. Ozbey, E. Kendi, Y. Akcamur, I. Yildirim, Y. Elerman, H. Soylu, Acta Cryst., C47, 1105-1106 (1991).
14. M. Akkurt and W. Miller, Acta Cryst., C 49, 747-49 (1993).
15. F. H. Allen, O. Kennard, D. G. Watson, L. Brammer, A. G. Orpen, R. Taylor, J. Chem. Soc. Perkin Trans.

32

II, S1 (1987).



