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Abstract

Organic synthesis is a rapidly developing main branch of scientific research in chemistry, the
derivatives of which serve as a medicinal, preparative base for medicine, agriculture at the pres-
ent stage of development and everyday activity of human activity. It should be noted that some
non-benzene aromatic compounds with high biological activity are synthesized on the basis of
a-aminonitrile derivatives. The solution to the problem of establishing the reactivity of reagents
and the synthesis route depending on the electronic structure of a-aminonitrile derivatives is easily
amenable to using theoretical methods. This article is devoted to the quantum-chemical study of
the synthesis of 2-methyl-2-(a-phenylamino) propanenitrile by the modern DFT method using the
Gaussian98 program. For further study of the true reactivity, the reaction route and the scientific
substantiation of the mechanism of electrophilic substitution reactions, in our opinion, the theo-
retical data we obtained, the wise thoughts of mentors and logical conclusions will be very useful.
Keywords: 2-methyl-2-(a-phenylamino) propanenitrile, nonbenzoic aromatic compounds,
organic synthesis, quantum chemical calculation, DFT B3LYP method, Gaussian98, electronic
structure, reactivity, nuclear reaction control, frontier molecular orbitals, biological activity,
medicine, pharmacology, agriculture
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Introduction

Organic synthesis undoubtedly makes
a significant contribution to the develop-
ment of chemical sciences, depending on
the multitude of aromatic and acyclic deriv-
atives of synthesis with high biological activ-
ity. Numerous experimental studies are also
devoted to the synthesis of a-aminonitrile
derivatives (YurovskayaM.A., KurkinA.V.,
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LukashevN.V. 2007; AllenJ. M., Lam-
bert T. H. J. 2011; Nauth A. M. 2017), widely
used in pharmaceuticals, medicine, agricul-
ture and animal husbandry (Belen’kii L.I.,
2020; Grundke C. 2023; Severin E. S. 2003).

This article is devoted to a theoretical
study of the synthesis of 2-methyl-2(a-phe-
nylamino) propanenitrile, the scheme of
which is presented below:

Figure 1. Scheme of synthesis of 2-methyl 2(phenylamino)
propanitrile (numbering is arbitrary)
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Experimental

A 100 ml round-bottomed two-necked
flask was equipped with a magnetic stirrer,
a separatory funnel at one end, and a Dean-
Stark trap filled with hexane, and a reflux
condenser at the other end. 5g (5.38 ml,
0.058 mol, d = 0.93 g / ml) of hexane were
added to the flask, then acetone cyanohydrin
was added and 5.4 g (0.058 mol, 5.3 ml, d =
= 1.02 g/ml) of aniline were added dropwise
through a separatory funnel, while the reac-
tion mixture was boiling. The reaction mix-
ture was boiled for two hours. Then the reac-
tion mixture was extracted with chloroform
and 2/3 of the solvent was removed. The
resulting white precipitate was filtered and
recrystallized from hexane. As a result, 5.4 g
(58%) of the reaction product were obtained.
The melting point of the obtained substance
is ton= 78-79 °C, R, = 0.34 (acetone: ben-
zene — 1:2).

Method
In order to study the route of synthesis of
compound 3, to identify the reactivity of re-
agents 1, 2, as well as changes in the charges
on the atoms and orbital density of the inter-
mediates — molecular ions 1a, 2a. We car-
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N

ried out quantum chemical calculations using
the Gaussian program using the DFT meth-
od B3LYP (FrischM.J.F.,, 1998), success-
fully used in the past (Mamarakhmonov M.
Kh., 2024; Chuliyev Zh.R., QodirovA.A.,
Mamarakhmonov M.Kh., 2020). The results
of which are presented in Table 1.

Results

Geometrical parameters of compounds.
Bond lengths. In the aromatic ring of aniline
1, symmetry in bond lengths relative to the
C1-C4 axis can be observed. In this case, the
C1-C2 and C6-C1 bond lengths are adjacent
and are equal to d = 1.414, while the C2-C3
and C3-C4 bonds are respectively equal to
1.39A and 1.40A. The length of the exocyclic
bond C1- N7 is equal to d = 1.38A. After the
deprotonation process and the formation of
the molecular anion 1a, a noticeable elon-
gation in bonds C1-C2 (Ad =0.045A) and
shortening of the bond C1-N7 (Ad = 0.045A.
When the hydroxyl anion is eliminated from
compound 2 and transformed into the mo-
lecular cation 2a, the C8-C9, C9-C10, C9-
C12 bonds are shortened by Ad = 0.075A,
0.066A, 0.075A, respectively, and the
C10=N11 triple bond is lengthened by almost

4 QUANTUM-CHEMICAL STUDY OF THE ELECTRONIC STRUCTURE


https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie

The European Journal of Technical
and Natural Sciences 2025, No 2

0.01A. Bond angles. On the aromatic ring of
the molecular anion of aniline 1, both bond
angles C1-C2-C3 and C5-C6-C1 decrease
by A@p=2.245°; the C3-C4-C5 angle increas-
es by A@p=2.301°. The exocyclic valence an-
gles C6-C1-N7 and C1-N7-H decrease
by Ap=1.293° and 12.688" respectively. In
compound 2, upon transition to molecular
cation 2a, the value of the valence angles
C8-C9-C10 and C8-C9-C12 increases ac-
cordingly on A@=8.820°and 11.513°, form-
ing an almost symmetrical sp2 — hybridized
form. Torsion angles. In the aromatic ring
of aniline 1, all torsion angles remain un-
changed. In compound 2, the torsion angles
C8-C9-C10-N11 and N11-C10-C9-C12
synchronously increase by At=27.377°, upon
transition to molecular cation 2a.

Charges on atoms. In the aro-
matic ring of compound 1, by remov-
ing a proton, the negative charge on at-
oms C2, C3, C4, C5 increases by Aq
= —-0.029¢, —0.012¢, —0.049¢, —0.019¢, than
at the positively charged atom C1, in which
the magnitude of the positive charge decreas-
es by Aq = +0.129e. The exocyclic atom N7
passesinto the sp3 —hybrid form; the negative
electron charge is equal to q = — 0.079e and
this atom becomes a potential reaction cen-
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ter for electrophilic attack. Compound 2 with
the elimination of the hydroxyl anion passes
into the molecular cation 2a, on the atoms of
which a redistribution of the electron charge
occurs. If the negative charge decreases by
atom N11 (Aq = —0.172e), then the negative
charge on the atoms C8, C12, symmetrically
located relative to the axis N11-C9, increas-
es synchronously by Aq = —0.095e. The posi-
tive charge on the atoms C9, C10 decreases
by Aq = +0.054e, +0.010e, respectively. Ac-
cording to the tabular data, the atoms C8 and
C12 in compound 2a carry the maximum
negative charge q = —0.622e and are a poten-
tial center of reactivity under charge control.

Boundary molecular orbitals. The pic-
ture below of the electron densities of the
reagents in the stage of activated complex-
es 1a, 2a (Fig. 2) makes it possible to es-
timate the centers of potential reactivity
in reactions controlled by orbitals. In the
molecular anion Ia, a high contribution of
the N7 atom is observed. on the HOMO,
emphasizing it as a center of reactivity. In
the molecular cation 2a, the unsaturated,
sp — hybridized atom C9 has a high contri-
bution to the LUMO, emphasizing it as the
only center of reactivity, rather than the at-
oms C8, C12.

Figure 2. Orbital electron densities: left — 1a; right —2a
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Discussion
In the synthesis of compound 3, the de-
termining stage of the reaction path is the
process of formation of activated complex-
es 1a and 2a. Analysis of the geometry of
molecular ions and the redistribution of
electron charges on atoms, as well as the
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orbital picture of the boundary orbitals led
to an identical conclusion that the potential
reaction centers of compounds 1a, 2a are
atoms N7 and C9, respectively. Therefore,
the synthesis of compound 3, in our opin-
ion, occurs with the active participation of
the latter.
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