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Abstract: For the first time a quantum-chemical method PM3 (Parametric Method 3) in semi empirical approach
appreciated geometric and electronic parameters of the new acylated form the molecules 6-APA (6-aminopenicillanic acid),
identified patterns of change according to the nature of the acylating agent. In general, the process of acylation of the molecule
6-APA by acylating agents (phosgene and acetyl chloride) leads to much larger changes in new systems of electronic structure
than in its spatial structure. In this electronic structure analysis indicates that the acylation of 6-APA of the molecule both
acylating agents leads to formation of more stable in the plan hydrolytic cleavage of form of this acid. This fact is a prediction
of the characters and is positive for future synthesis of new antibiotics on the basis of 6-APA. Significant absolute value and
the sign of the negative enthalpy of formation calculated by PM3, for both systems 6-APA-phosgene 6-APA-acetyl chloride
indicate their high thermodynamic stability. The most stable in terms of the thermodynamic system is the 6-APA-acetyl
chloride.

Keywords: Semiempirical Quantum Chemical Method, Schrodinger Equation, Parametric Method 3, Modeling,
6-Aminopenicillanic Acid

most correct geometric parameters of molecular structure
now it can only be obtained by using X-ray analysis method.
However, application of this method to most molecular
objects connected with experimental dif-ficulties of

1. Introduction

Antibiotics of penicillin group are the potential inhibitors
biosynthesis of cell wall, and the selectivity of their action on . ' . .
the bacterium cell is usually defined by structural features as ~ Producing test samples in the form of single crystals and with

bacterial cell and peculiarities of the structure of antibiotics their aggression and hygroscopic. Ther.ef.ore, to Obtf‘un the
[1,2] most appropriate to the real characteristics of spatial and

electronic structure [4] is now widely used quantum chemical
calculations of model molecules.

To establish the features of spatial and electronic structure,
receiving the energy parameters of the initial reagents and
microbiological synthesis products have been carried out

An important aspect of the study of the biological activity
of new semisynthetic penicillins is to establish its
relationship with the peculiarities of electronic and spatial
(geometric) structure of molecules of 6-APA (6-
aminopenicillanic acid), having new substituents [3]. The
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quantum chemical calculations of these objects by semi
empirical quantum chemical method PM3 (Parametric
Method 3). In the first stage of this research have been
identified optimal method of calculation in connection with
which have been tried out three semi empirical quantum
chemical methods: MNDO, AM1 (Austin Model 1), PM3
(Parametric Method 3) included in the software package
Hyper Chem of version 7, and the method PM*, part of a
software package MOPAC of version 7. Semi empirical
method is a method of valence approximation, ie take into
account the valence electrons and atomic orbitals (AO) of the
valence shells. The ultimate aim of this calculation method
consists in solving the time-independent Schrédinger
equation [5, 6], which describes the state of the microsystem
with two physical quantities: the total energy E of the system
and the wave function W, which is a function of a coordinate
or pulses: HY = EW. As a result, as calculated quantum
chemical method was selected the PM3 method.

2. The Experimental Part

The spatial structure of the initial model molecules of 6-APA,
two acylating agents (molecules of phosgene and molecules of
acetyl chloride), and the two acylated forms of 6-APA was
optimized PM3 method and were calculated parameters of the
electronic structure and their energy characteristics [7, 8, 10]. As
a result have been obtained the geometric models, examples of
which are shown in Figures 1-3.
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Figure 1. Geometric model of a molecule of 6-APA.

Figure 3. Geometric model of a molecule of 6-APA-acetyl chloride.
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Thus been found that the guy of electron density is
observed for b-lactam ring, and greater electron-donating
ability of the oxygen atom bonded to this ring in the
molecule 6-APA. This suggests its role in the formation of a
prevailing HOMO (highest occupied molecular orbital)
responsible for the reactivity of b-lactam ring and the
associated oxygen atom.

3. Discussion of Results

During the acylation of 6-APA molecules of phosgene and
acetyl chloride comparative analysis of change of
geometrical parameters allowed to make following general
conclusion about the influence of the spatial structure of the
acylating agent: in the space a more compact molecule of
phosgene leads to a noticeable change in the bond lengths in
the molecule of 6-APA. Comparative analysis of the
electronic parameters of the model of the molecule 6-APA
and its systems with molecules of acetyl chloride and
phosgene has shown that in general the acylation process
results in a much larger change in the electronic structure of
the new system compared to the parent molecule of 6-APA.

On the basis of values of difference between the energies
of the frontier orbitals (highest occupied and the lowest
unoccupied molecular orbital) was established character of
the molecule acylation of 6-APA process, which as shown by
the results of studies is the orbital controlled reaction.

Has been found that a significant absolute value and in
sign to the negative enthalpy of formation calculated by the
PM3 method, show high thermodynamic stability of the
acylated forms of 6-APA. The most stable in terms of the
thermodynamic system is the 6-APA-acetyl chloride.

Chemical interaction between the molecules of 6-APA and
acetyl chloride leads to a noticeable change of the geometric
parameters. Moreover to a greater extent it relates to the
molecule fragments that are not directly related to the
interaction center.

So the interatomic distance between the nitrogen atom of
the amino group and its associated carbon atom in the
heterocycle model molecule 6-APA still 1,47 A. In the
product of its reaction with acetyl chloride is almost constant
value. While the interatomic distances between the nitrogen
and carbon atoms in the heterocyclic ring system are reduced
considerably. In the heterocyclic system interatomic
distances are changed between carbon atoms: they either
increase or decrease depending on location of the C-C bond
to the nitrogen hetero atoms. C-O distance equal to a
molecule of acetyl chloride 1,20 A, and its interaction with
the 6-APA is lengthened twice the distance between the
chlorine and carbon atoms is reduced to 1,60 A.

4. Conclusions

Thus, the quantum chemical study shows that interaction
between molecules of 6-APA and acetyl chloride leads to a
change in the electronic and geometric characteristics and
indicates the unsaturation of reaction formed product, which

appear new electron donor centers.

The results of quantum chemical studies have allowed on
the stage of theoretical quantum chemical calculations to
choose the most promising molecules of acylated form of 6-
APA, which is a system of 6-APA-acetyl chloride. More
precisely this form were prepared using the method of
microbiological synthesis [11, 12].
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