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Short Communication

Investigation of the Electronic Structures of
1,4,5-Substituted Derivatives of
1 H-Pyrimidin-2-thione

E. Saripinar*, L. Yildirim, Y. Giizel, and Y. Akcamur

Department of Chemistry, Erciyes University, TR-38039 Kayseri, Turkey

Summary. Conformational analyses and quantum chemical calculations were carried out for 1,4,5-
substituted derivatives of 1 H-pyrimidin-2-thione with the common skeleton I by means of the methods
MMP2 and SCF MO LCAO in the CNDO/2 and MNDO approximations. The analysis of the
electron density distribution as a function of the nature of the substitutents was performed on the basis
of the data obtained.
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Untersuchung der Elektronenstrukturen von 1,4,5-substituierten Derivaten des 1 H-Pyrimidin-2-thions
(Kurze Mitt.)

Zusammenfassung. Fiir eine Reihe von 1,4,5-substituierten Derivaten des 1H-Pyrimidin-2-thions
wurden Konformationsanalysen und quantenmechanische Rechnungen durchgefiihrt. Als Rechen-
methoden wurden das MMP2-Verfahren und die SCF-MO-LCAO-Methode in den CNDO/2- und
MNDO-Niherungen benutzt. Die Elektronendichteverteilung der untersuchten Verbindungen wurde
in Abhéngigkeit von den Substituenten analysiert.

Introduction

The problem of elucidating relationships between structure and biological activity of
chemical compounds (in terms of their electronic features) seems to be most
important for both theoretical researches and applications. Evidently, the more
characteristics are taken into account, the more reliable are the predictions of
biological activity.

Thiopyrimidines possess effective antibacterial, antifungal, antiviral, insecticidal,
and mitocidal properties [ 1—4]. In this paper, the results of conformational analyses
and quantum chemical investigations are discussed and used to obtain data sets
needed for activity prediction. Such data sets have been applied successfully to drug
design before.
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Results and Discussion

Eight compounds of common skeleton I were studied. Seven of them were syn-
thesized by us [4]. For all compounds investigated, conformational analysis was
carried out by means of the MMP2 method [5, 6]. The data obtained were used
in quantum chemical calculations.

The lengths of the pyrimidine skeleton bonds have been calculated and are
presented in Table 1. For comparison, X-ray data compounds 6 and 8 are also given
[4, 7]. The spatial structures of compounds 1-8 is shown in Fig. 1. From Table 1 it
can be seen that the theoretical results and the experimental data agree. The only
exception is the C=S bond. Its theoretically found value is less than the value
obtained from experiments.

A comparison of the structural characteristics resulting from the two methods
mentioned shows that the general tendency of changes holds for the whole series of
compounds. The data for the bonds C,—N, and N,—C; differ substantially. The
MNDO calculations have shown that the bond N,—Nj is more sensitive to R* and
R? replacement. In the limits of the accuracy admitted by the methods used, the
valency and torsional angles agree satisfactorily. The values of AH; and dipole
moments (DM) calculated by means of MM2 and MNDO methods differ substan-
tially.

Quantum chemical calculations for compounds 1-8 have been performed by the
SCF MO LCAO method in the CNDO/2 and MNDO approximations [8]. The
results for the pyrimidine skeleton are given in Tables 2 and 3. For the rest of atoms,
the corresponding data are not given because they are relatively invariant upon
variation of R! and R?.

The greatest negative charge (see Table 2) is concentrated on S,, Ng, and C,.
C,, C;, and C; bear positive charges. Atom Ny aligned to atom N, displays a small
negative charge. A general tendency exists in the changes of the charges calculated by
the above mentioned methods.

The situation for atoms C,, N,, C,, and S, is different. Comparatively high
values of charges on the atoms result from the CNDO calculations. The charges on
the atoms obtained by means of the MNDO method are more sensitive with respect
to R' and R? The greatest differences in charges resulting from R! and R?
replacement are observed for the frontier atom Ng as suggested.
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Fig. 1. Spatial structures of compounds 1-8

The analysis of the electron density distribution at the bonds (see Wiberg’s
indices in Table 3) shows that in the pyrimidine ring, z-bonds are delocalized into
a unique n-electron system overlapping with the neigbouring z-electron substituents
R' and R2. Replacement of R and/or R? influences the electronic density distribu-
tion at the atoms N,, Ng, and Cy and the bonds formed by them. For example, the
presence of two m-acceptors at C, (compound 6) causes o delocalization and
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Table 2. Effective atomic charges (Q;) calculated (electron charge units)

Method C, N, c, G, C, N, S, Ny G,
1 CNDO 031 —013 016 —011 021 —029 —048 —0.11 002
MNDO 014 —022 022 —031 025 —031 —004 -009 0.05
2 CNDO 030 —014 016 —0I11 021 —029 —050 —0.10 0.12
MNDO 012 —024 023 —030 025 —031 —007 —0.12 009
3 CNDO 031 —025 019 —012 016 —031 —055 —007 009
MNDO 012 =019 027 —030 026 —031 —009 —0.17 010
4 CNDO 037 —019 021 —0I13 020 —030 —056 —005 009
MNDO 013 —018 021 —029 025 —030 —003 —020 0.16
5 CNDO 031 -018 018 —0I1 020 —030 —052 —0.10 0.2
MNDO 011 —021 022 —029 023 —031 —008 —018 011
6 CNDO 035 —016 020 —0I2 022 —031 —055 —011 0.14
MNDO 011 —023 022 —028 021 —030 —002 —013 010
7 CNDO 035 —017 019 —012 022 —030 —053 —00I 002
MNDO 013 —031 024 —030 034 —031 —010 —0.15 0.11
8 CNDO 034 —017 019 —011 022 —030 —053 —019 -

MNDO 0.12 —0.32 0.26 —0.15 0.34 —032 —0.08 —-042 -

weakening of bond Ng—C, (W;; = 1.67). The absence of conjugation (compound 7)
results in a bond order close to two (W;;=1.99). Aliphatic substitutents yield
a W;; value close to 1.85. Mixed ¢- and r-substituents decrease Wj; because
of the non-symmetric electron distribution at this bond. The bond between C,
and S, is substantially polarized and resembles nearly a one-and-a-half-bond
as follows from W;;=1.37 found by CNDO calculations. From MNDO calcula-
tions, this bond is more covalent (W;;=1.74). A comparison of all W,; values
obtained by the different methods shows that the CNDO method results in greater
n-delocalization.

As a result of quantum chemical calculations, values of the energy levels and
LCAO coeflicients are obtained. In Fig. 2, some of the MO levels are shown for “the
active zone” (a few of the last occupied and of the first free molecular orbitals) of
compounds 1-8.

From Fig. 2 we can see that the energy levels change smoothly and keep their
nature. Some differences in the values of the MO energies are observed for ¢- and
n-substituents. For example, the values of the energy levels for the HOMO (the
highest occupied MO) vary for the ¢- and zn-substituents in the interval of 8.45—
8.65eV (compounds 1, 2, 3, 7, 8) and 7.89-8.24¢eV (compounds 4-6). The reverse
dependence concerning the energy levels for ¢- and n-substituents is observed for the
LUMO (lowest occupied MO). The structures of the HOMOs and LUMOs are
given in Table 4. The LCAO coefficient analysis has shown that the nature of these
MOs is determined by the n-orbitals of the atoms belonging to the pyrimidine ring.
They are mainly 2p,-orbitals (N,, C,, Ny, and S, for the HOMO and C,, C,, N,, N,
etc.for the LUMO). The nearest orbital to the HOMO belongs to a free electron pair
of sulfur.
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Table 4. Main Orbital Components and HOMO-LUMO energies of compounds 1-8
b4 Main Orbital Components E (eV)
1  HOMO  023p,C,—0.23p,Ns—043pS, —0.24p,S, + 0.60p,S; —8.68
LUMO —021p,C, —0.28p,C; + 0.29p,C5 — 0.22p,C, , + 0.20p,0,,0.25p,C;, 1.30
2  HOMO  0.20pN, —0.27p,N, —0.51p,S, +0.25p,S, + 0.55p,S, —8.61
LUMO —0.33p,C; + 0.24p,C; — 0.24p,C, , — 0.28p,C,, 1.29
3 HOMO —0.32p,N, —0.21p,N, —0.24p,C, + 0.56p,S, +0.53p,S, —8.45
LUMO —0.20p,N, —0.27p,Cs — 0.30p,Cs + 0.21p,N¢ - 0.22p,C, ¢ 1.20
4 HOMO  0.33p,N,—0.26p,C, —0.64p,S, —8.01
LUMO —0.27p,C; + 0.21p,Ng — 0.23p, Ny 1.03
5 HOMO  033p,N, —0.28p,C, + 0.26p,N; — 0.69p,S, —8.24
LUMO —0.21p,C, + 0.20p,N,, + 0.37p,C5 — 0.27p, Ny + 0.20p,S, 1.11
6 HOMO —0.36p,N, +0.27p,C, — 0.21p,Ng — 0.31p, S, +0.64p,S, — 0.21p,0 4 —7.90
LUMO 0.21p,C5 +0.35p,Ng — 0.28p,C, — 0.21p, Ny 0.78
7 HOMO  0.33p,N, —0.28p,C, + 0.26p,N, + 0.33p,S,; —0.69p,S, —8.68
LUMO 0.20p,N, + 0.37p,C; — 0.27p, N, + 0.26p,C, 5 — 0.21p,C, ,(R2) 115
8 HOMO  0.33p,N,-—-027p,C, +0.25p, N, — 0.67p,S; + 0.35p,8S, —8.48
LUMO 0.36p,C5 — 0.26p, N — 0.24p,C,, + 0.25p,C,, 1.16

Summarizing, we can say that the investigation of the electronic structure of
1,4,5-substituted derivatives of 1 H-pyrimidin-2-thione sheds light on the peculiari-
ties of the electron density distribution in the system and the character of the density
variations depending on the nature of the substituents.



512 E. Saripinar et al.: Electronic Structures of 1H-Pyrimidin-2-thiones

Experimental

We used standard parameters and programs [8,9] for the MNDO and CNDO calculations. All
geometries were optimized at the SCF level employing the Davidon-Fletcher-Powell algorithm [10,11]
for minima and gradient norm minimization [12] for transition states. A force constant analysis was
performed for all MNDO SCF stationary points.
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