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Abstract 

 

To establish the features of the geometric and electronic structure, reactivity 

of 6-aminopenicillanic acid (6-APA) and its acylated form acetyl chloride in work 

was used the quantum and chemical PM3 method, which allows to study 

molecular systems in the semi-empirical approach. It has been established that the 

interaction between the molecules of 6-APA and acetyl chloride leads to a change 

in the electronic and geometric characteristics and indicates on the reaction 

unsaturation of formed product, which has new electron donor centers. The 

process of acylation of 6-APA molecules acylating agent leads to a considerably 

large change in the electronic structure of the new systems than in its spatial 

structure. An analysis of electronic structure indicates that the acylation of 6-APA 

molecules acylating agent results to formation of more stable in terms of 

hydrolytic cleavage of the acid form. This fact has predictive nature and is 

positive for the subsequent synthesis of new antibiotics based on 6-APA. 
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Introduction 
 

Now the circle of the tasks processed by calculation methods of quantum 

chemistry considerably extended that allows to solve many important problems in 

the scientific and practical relation. So, by means of quantum and chemical 

calculations it is possible to gain an impression about a spatial structure of 

molecules which for any reasons can't be investigated experimentally, calculate 

their electronic characteristics.  

Besides, settlement data help to find the mechanism of biological effect of 

various molecules and to open the reasons for which they show biological 

activity, that is to say these methods allow to determine empirical consistent 

patterns for modeling of communication between a substance structure both its 

physical and chemical and biological properties. Therefore use of such 

calculations for development of new medicines and virtual screening of their 

reactionary ability is demanded and actual today. 

It is known that for the success of targeted synthesis of antibiotics penicillin 

important role will be played the reactivity of the starting reagents involved in the 

preparation of new compounds. 6-aminopenicillanic acid is a valuable compound 

for receiving of efficient semi-synthetic analogues of natural penicillins. 

Efficiency of the process of obtaining the 6-APA in an industrial environment is 

provided by chemical hydrolysis of benzylpenicillin under the influence 

immobilized bacterial cells [1-3]. 

6-APA, as the structural basis of penicillins, can be represented by fused 

system of two rings: the thiazolidine (A) and the lactam (B) cycles (Figure 1) [4]:  
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Figure 1: Chemical structure 6-APA 

 

Now for the medical purposes are used about 40 various derivatives 6-APA 

received for the account of modification of its lateral chain. The differences in the 

biological properties of penicillins, especially of manifestations of antibacterial 

activity is determined from the amino radicals in the molecule of 6-APA. 

Character groups attached to the heterocyclic ring system of penicillin at positions 

2 and 3 (two methyl and carboxyl groups, respectively) did not significantly affect 

the biological activity [5]. 

When administered beta-lactam cycle position amino radicals of different 

chemical structure of the spatial changing the 6-APA, it allows to obtain relatively 

resistant to hydrolytic cleavage drugs are more stable than the natural penicillin. 
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The purpose of the real research is forecasting of reactionary ability for a 

model molecule 6-APA and its acylated form by means of a quantum and 

chemical calculation method of PM3 entering in a package of the MOPAC 

computer programs of version 8 for providing a scientific basis of experimental 

synthesis of the compounds possessing antibiotic action. 

 

Materials and methods 
 

Materials 

6-APA and its acylated form agent (acetyl chloride), model system 6-APA-

acetyl chloride. 

Methods  

The used semi-empirical option of a quantum and chemical calculation 

method of PM3 is method of valence approach, that is consider valence electrons 

and the nuclear orbitals (NO) of valence covers. An ultimate goal of calculation of 

molecular system by this method is the decision of the stationary equation of 

Schrödinger describing a state by means of two physical quantities: a total energy 

of system E and the wave  function which is function or coordinates, or 

impulses: Ĥ = E [6]. 

 

Results and discussion 
Spatial structure has been optimized PM3, the parameters of the electronic 

structure and energy characteristics of the original model molecules of 6-APA, 

acylating agent acetyl chloride, and the acylated form of 6-APA (table). The result 

is a geometric model, examples of which are shown in Figures 2-4. 

Analysis of the results of quantum and chemical calculations shows that the 

model molecule 6-aminopenicillanic acid is thermodynamically stable, as 

evidenced by a negative sign and a sufficiently large absolute value of the 

enthalpy of its formation (fН
о = -126,7 kJ/mol). The presence in the molecule of 

this acid two directly linked cycles (thiazolidine and lactam) affects the significant 

impact on the interatomic distances (bond lengths) in these cycles. The distance 

between the same atoms in them become unequal to each other and different from 

the mean values known from the literature [7, 8]. 

 

Table 

Geometric and electronic characteristics 6-APA, acetyl chloride and product 

of their interaction 

Parameter  6-АPA Parameter COCl2 Parameter 6-АPA-

СОCl2 

fH, kJ/mol -126,07 fH, kJ/mol -215,28 fH, kJ/mol -590,94 

, D 0,97 , D 1,23 , D 3,30 

r (S1-C10), Å 1,41 r (C2-Cl3), Å 1,74 r (S6-C9), Å 1,55 

r (C11-C10), 

Å 

1,51 r (C2-Cl1), Å 1,74 r (Cl1-C4), Å 1,60 
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Table (Continued): 

Geometric and electronic characteristics 6-APA, acetyl chloride and product 

of their interaction 
 

r (C11-N9), Å 1,46 r (C2-O4), Å 1,20 r (O2-C4), Å 1,22 

r (C7-N9), Å 1,46 q Cl1, units 

of charge 

0,03 r (C4-N7), Å 1,32 

r (C6-C7), Å 1,56 q C2, units 

of charge 

0,18 r (C8-N7), Å 1,47 

r (C6-C8), Å 1,52 q Cl3, units 

of charge 

0,03 r (C8-C10), 

Å 

1,54 

r (C8-N9), Å 1,46 q O4, units 

of charge 

-0,24 r (C8-C9), Å 1,51 

r (N9-C11), Å 1,49 - - r (C10-N11), 

Å 

1,31 

r (C6-N3), Å 1,47 - - r (N11-C13), 

Å 

1,23 

r (N3-H18), Å 1,00 - -  r (N7-H21), 

Å 

1,00 

r (N3-H19), Å 1,00 - - -  

r (C12-O13), 

Å 

1,35 - - r (C10-O7), 

Å 

 

q S1, units of 

charge 

0,35 - - q S6, units 

of charge 
-5,8710-4 

q N3, units of 

charge 

-0,01 - - q Cl1, units 

of charge 
2,6610-3 

q O4, units of 

charge 

-0,39 - - q O2, units 

of charge 

-0,30 

q C5, units of 

charge 

-0,10 - - q C4, units 

of charge 

0,21 

q N9, units of 

charge 

-0,01 - - q N7, units 

of charge 
-8,7810-3 

q C10, units 

of charge 

-0,26 - - q C8, units 

of charge 

-0,10 

q C11, units 

of charge 

-0,01 - - q C9, units 

of charge 

-0,14 

q C12, units 

of charge 

0,37 - - q C10, units 

of charge 

0,25 

q O13, units 

of charge 

-0,30 - - q N11, units 

of charge 

-0,10 

q C14, units 

of charge 

-0,14 - - q C13, units 

of charge 

-0,10 

- - - - q O16, units 

of charge 

-0,28 
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Figure 2: Geometric model of the molecule 6-aminopenicillanic acid with the 

van der Waals radii of the atoms  

 

 

 

 

 

 
 Figure 3: Geometric model of a molecule 6-APA 
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Figure 4: Geometric model of 6-APA-acetyl chloride 

 

Bonds between carbon atoms of the methyl and carboxyl groups and the 

carbon atom bound to the nitrogen atom of the heterocycle lactam (0.33 and 0.36 

nm, respectively) take approximately two-fold [9-11]. The rest of the interatomic 

distances in the molecule under consideration are consistent with well-known in 

the literature [7, 8]. 

Despite the presence of 6-APA molecule two heterocycles of various nature, 

it has little value in magnitude of the dipole moment ( = 0,97 D). This confirms 

and fairly uniform distribution of charges of different signs on the atoms in a 

molecule of 6-APA. It should be noted, however, that in general the most negative 

charge localized on the oxygen atoms of the carboxyl group (-0.30 and -0.39 

units. сharge, respectively), while the greatest positive - to the sulfur atom in the 

thiazolidine ring (0.35 units. сharge) and the carbon atom of the carbonyl group 

(0.37 units. charge). From this, it can be concluded that the carboxyl group in the 

molecule is the most polar atoms to oxygen is concentrated highest electron 

density, which leads to their electron-donating property. 

The table shows that the model acylated form of 6-APA also 

thermodynamically stable, as it is typical for the negative enthalpy of formation. 

Moreover, its stability is more significant than the original molecule of 6-APA. 

Based on the analysis of the parameters of the geometric and electronic 

structure was established that the acylation of 6-APA molecule acetyl chloride is 

most strongly affects the change of geometric parameters directly related to the 

place of acylating groups and in both heterocycles - -lactam and thiazolidine, and 

leads to a restructuring of the electronic structures indicating the offset in the direc- 
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tion of the electron density tiazolidin cycle. In addition, significant changes in the 

electronic structure typical for the cation and the amino group of acetyl chloride 

molecule of 6-APA, which is directly involved in this process. For the remainder 

of the molecule 6-APA this process has no significant effect. 

The comparative analysis shows that all studied models are antisymmetric 

and possess certain values of the dipolar moment. Confirmation of their 

asymmetry is the charging redistribution on atoms in molecules caused by 

ambiguity of electronic redistribution. Thus, in the model molecules of 6-APA 

and 6-APA introduced into it hydrogen instead of acetyl chloride largest negative 

charge is localized on the oxygen atom in the carboxyl group in the molecule of 

acetyl chloride - also on the oxygen atom. The highest positive charge per 

molecule of 6-APA is localized on the sulfur atom and the C12, in acetyl chloride 

molecule - on the carbon atom in the 6-APA molecule introduced into it hydrogen 

instead of acetyl chloride - on the carbon atom in the carbonyl group. 
Substitution of a hydrogen atom in the amino group of 6-APA per radical acetyl 

chloride leads to a redistribution of electron density on the atoms both in the acid and the 

radical of acetyl chloride. In particular, by reacting 6-APA with acetyl chloride positive 

charge on the sulfur atom, it changes its sign to negative change in magnitude value of 

the charge on the carbon and nitrogen atoms in the heterocyclic ring system of this acid. 

The positive charge on the chlorine atom in the molecule of acetyl chloride by reaction 

with 6-APA decreases rapidly. Less noticeable change in the electron and hence the 

charge for the other picture characteristic model atoms form 6-APA-introduced 

into it instead of a hydrogen atom, acetyl chloride. 

Chemical interaction between the molecules of 6-APA and acetyl chloride 

leads to a significant change and the geometric parameters. Moreover, the more it 

concerns moiety directly unrelated to the center of interaction. Thus, the 

interatomic distance between the nitrogen atom in an amino group and its 

associated carbon atom in the heterocycle having in the model molecule of 6-APA 

value equal to 1,47 Å, the product in its interaction with acetyl chloride remains 

practically unchanged, while the interatomic distances between the carbon and 

nitrogen atoms in the heterocyclic ring system are reduced considerably. Change 

and the interatomic distances between the carbon atoms in the heterocyclic 

system: they either increase or decrease depending on the location of the C-C of 

the nitrogen heteroatoms. C-O distance equal to a molecule of acetyl chloride 1,20 

Å, interacting with 6-APA is lengthened twice, the distance between the chlorine 

and carbon atoms is reduced to 1,60 Å. 

For acyl system 6-APA were calculated energy of the highest occupied 

molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO). On 

the basis of the values of the difference between the energies of the frontier 

orbitals was established character of the process of acylation of molecules 6-APA, 

which as the results of studies is orbitally controlled response. 

 

Conclusions 
 

Thus, quantum and chemical research shows that interaction between 

molecules 6-APA and acetyl chloride leads to change of electronic and geometric  
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characteristics and indicates reactionary nonsaturation of the formed product 

which has new electron-donor centers. 

Based on the above it follows that the results of quantum and chemical 

studies allow for the stage of theoretical quantum chemical calculations to screen 

acylated forms of 6-APA at the molecular level and to select the most promising 

molecules of acylated form of 6-APA, which is a system of 6-APA-acetyl 

chloride. This form was later obtained by microbiological synthesis. 
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