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Actuality of the topic:

Important achievements were carried out in quantum theory of
molecular structure for last three decades. It is assumed that it is
one of the important scientific achievements in natural history,
which gives the start of the new stage for the study of electronic
structure of molecule and reaction ability.

The Schiff bases (azomethines) - compounds, that contain RC=N
bonding are widely used in organic synthesis as intermediate
compounds in producing amines and also, as targeted compound.
Some azomethines are characterized with increased biological
activity, including anticancer, bactericidal and anti-virus
activities. Azomethines containing additional electrophylic
substituents are important complex compounds because, they are
able to form stable and various complex compounds including
mono and polynuclear compounds. Macrocyclic polyazomethines
can cycle within "restrain" the small and the large simple and
complex ions, which have high coordination numbers (for
example lanthanides and actinides).

Moreover, they are able to form a "sandwich” type complex
compound. Some of them are characterized by unusually high
magnetic properties and catalytic activity. There are several
works, which describe the use of micro cyclic azomethines in
production of liquid crystals. Most recently some proceedings are
published in which there are shown ability of macrocycle
azomethines to recognize and selectively bind with anions and be
used as artificial anionic receptors.
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The history of studied issue: The condensation reaction between
carbonic compounds and initial amines, within acid catalyzes, is a
classical method of azomethines synthesis. In 1864, for the first
time, their synthesis was conducted by Schiff':

H* +>:O
H
-H* \ H* { | H
N4<OH = _N_O = N%
] H
“H0 /0
H X .

Scheme 1: Mechanism of azomethines synthesis (Schiff bases)

Nowadays, the methods of metal-templated synthesisare the most
commonly used and well-researched. However, this method has
got two important negative sides: a) within interaction of
dicarbonic compounds and diamines, basicallysymmetric
compounds areaccepted and b) does not give the opportunity for
compound producing.

Research objects and methods.

It was carried out a synthesis of several micro cyclic and
biologically active compounds and their quantum- chemical
modeling.

The following experiments were conducted: the synthesis of
biphenyls by reduction of nitro phenol with powdered zinc in the
presence of alkali and by benzidine regrouping, with organic and
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inorganic peroxides initiated by oxidation dimerization, also with
metals dimerization of aryl halides (Wurts-Fititig’s reaction,
melting with metallic copper), the synthesis of azobenzenes with
dinitration-azocoupling of corresponding aminophenols. An
obtained biphenyls and azobenzenes have been used for the
synthesis of microcyclicpolyazomethines by the condensation
with hydrazinehydrate and 1,2-diaminethane.

The quantum-chemical modeling of conducted chemical
experiments was carried out by AM1 and DFT methods. It has
been studied the distribution of electron density in molecules, its
influence on the direction chemical reaction. It was calculated
heat of formation of products and determined geometrically
optimized structures of targeted products and the optimal methods
of their production.

The scientific novelty.

The Scientific novelty of the thesis is synthesis of the new macro
cycle polyazomethinil compounds and development of cheap
methods of synthesis, as well as construction of = model of
synthesis of some oxygen and nitrogen containing heterocyclic
compounds and quantum-chemical characterization, which have
not been studied up to this date.
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Reaserch goals.
The aim of our work was the synthesis of some biologically active
heterocyclic compounds and construction of reactions models.
The emphasis was to find out a cheap and easy methods for the
synthesis of macrocyclic poliazomethin compounds.

Use of the main research results:
The macrocycle poliazomethines, which were obtained by us, are
the cheapest fluorescent dyes, that are synthesized by simple
methods and are widely used. A fundamental research results can

be used in courses of computer chemistry to study reaction
mechanisms in any research laboratory and etc. The results of
quantum-chemical calculations will cause interest of scientists. It
will be interesting for description of kinetic energy of biologically
active heterocyclic compounds and for qualitative and
quantitative evaluation of reaction ability.

The structure of the thesis. The dissertation consists of an

introduction, three chapters, discussion of the given results and
conclusions. The thesis includes a list of cited literature (97
sources) and an appendix. The volume of the thesis contains 133
printed pages.An introduction outlines a topicality of the problem,
history of the studied issue, dissertation goal, objectives and
research sources are formulated, theoretical basis and
methodology of the work are discussed, the novelty of the work,
as well as its scientific and practical values are defined.
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Chapter I

From the history of studied issue

The first chapter deals with the literature review. It is discussed
quantum-chemical calculation methods: semi-empirical method
AM]1, non-empirical molecular orbital method (ab initio) and DFT
method. In the first chapter the synthesis of macrocyclic Schiff
bases, cyclocondensation of diamines and phenolic bicarbonylic
compounds, the methods of preparation the initial compounds for
the azomethine compound synthesis and biologically active
compound Thalidomide are reviewed.

Chapter II
Discussion of Results

The second chapter deals with the research results and their
discussion. The chapter consists of eight paragraphs:

The first paragraph considers synthesis of tetrahydroxybiphenyls

and their quantum-chemical modeling. Biphenyls were
synthesized by reduction of 2-nitrophenol with zinc dust in
alkaline medium and by benzidine rearrangement. Experiment
showed that benzidine configuration of 2-nitrophenols can be
used as one of the alternative methods for obtaining biphenyls.
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|
OH OH +
NO HO  NSN OH HO N=N_ OH
NO, Zn Zn _»Zn
—— — R
OH" OH" OH

HO NH—NH OH

Zn
R iy T Ao SN Wy e
OH

HO OH HO OH

5 6 7

Schemel. Synthesis of biphenyls, reduction by benzidine

rearrangement reaction.

Reduction of 2-nitrophenol by means of zinc dust in alkaline
medium at the first stage yields a corresponding nitroso-product,
which was transformed, without its isolation, into the next
product of reduction, namely into hydroxyl amine. Nitroso- and
hydroxyl amines produced in the reaction system interact and
form azoxy compound. Final product of reduction by zinc was the
compound 5. By transfer of this compound into acid medium the
benzidine rearrangement was realized, which enabled us to
receive 3,3'-dihydroxy-4,4'-diaminobiphenol.

To transform amino groups into hydroxyl groups reaction of
diazotization was carried out by further hydrolysis of the obtained
diazonium salt, in acidic medium.
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The second paragraph considers acidic conjugation of phenols.
Alternative method for obtaining biphenyls is acid dimerization.

R
or PhCOOOCPh O O G
R

1

8 (a-d) 9 (a-d) 10
a: R=OH, Ri=OH, Ro.=H, b: R=OMe, Ri=OMe, R»=H,
c: R=OH, Ri=OH, R»=Br, d: R=OMe, Ri=OMe, Ro=Br

Scheme 2. Synthesis of biphenyls by acid dimerization.

For obtaining biphenyls by the method of acid dimerization and
for quantum-chemical simulation of the going on processes, we
have selected rezorcin, 1,3-dimethoxybenzene, 1-bromo-2,4-
dihydroxybenzene and 1-bromo-2,4-dimethoxybenzenel.

Rezorcin was a commercially accessible substance, which was
purified by crystallization prior to the experiment. 1,3-
dimethoxybenzene and 1-bromo-2,4-dimethoxybenzene were
synthesized from rezorcin and 1-bromo-2,4-dihydroxybenzene
by interaction with dimethyl sulfate. Organic and inorganic
peroxides were used as acidification agents in acid dimerization
reaction of phenols. Acid dimerization reaction was carried out at
50-80°C.

Acid dimerization reaction proceeds by the formation of free
radicals. Therefore, reaction products are obtained in the form of
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resin, from where the target products are isolated. In the cases of
implemented chemical experiments a dominant product was para-
para conjugation products and we were unable to isolate the para-
O product in individual form.

The third paragraph considers synthesis of hydroxyazobenzols and

their quantum-chemical modeling.

To develop the methods of synthesis of alternative compounds of
biphenyls we gave preference to the reaction of azoconjugation,
which enables one to obtain, azoanalogue of biphenyl, azobenzene
compounds, in relatively simple conditions. The Scheme 2 offers

the process of synthesis of the target product - 4,4'-
dihydroxyazobenzene.
R
OH OH oH HO
NaNO,, HCI @ N
—_— > —_———— > I
0-5°C pH > 7 N
NH, " /©/
N Cf HO
11 12 13

Scheme 3. Synthesis of azobenzols via diazotization -
azoconjugation reaction.

Synthesis of 4,4'-dihydroxyazobenzene was implemented in two
stages. At the first stage diazotization reaction of p-aminophenol
was performed. At the second stage — azoconjugation was
performed. Phenol was used as an azo-partner. To obtain a target
azocompound diazo-partner solution was added to azo-partner’s
solution, drop-wise, at the -5 - 0 °C conditions.
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Formation of azo dye is proved by appearance of absorption band
in visible region 440 nm of electronic spectra (Diagram 1).

2.5

optocal density
[
(6] N

[ERY

0.5

300 350 400 450 500 550 600 650 700

wave length, nm

Diagram. 1. Absorption specter of a compound 13.

The fourth paragraph considers synthesis of dicarbonyl
compounds.
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© AN CH 2)n

13 16 14 n=0

O
N
HO HO ©ﬂ
[ :] N CHCl, \ H,N-(CH,),-NH,

15 n=2
Scheme 4. synthesis of macro cyclic polyazomethine compounds

Carbonylation reaction of the synthesized biphenyls and
azobenzols was performed. Successful progress of dicarbonylation
reaction was proved by melting temperature of the obtained
compounds. Besides, each of these compounds gave silver mirror
reaction. Presence of aldehyde groups was proved also by IR
spectra. Absorption bands in 2820 and 1723 cm™ correspond to
aldehyde group C-H and C=0O valence vibrations.

Hypsochromatic shift of 20-30 nm is observed on the compound
absorption spectra, which refers to substitution of electron
acceptor carbonyl group in both aromatic nuclei of a molecule.
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Diagram. 2. Absorption specter of a compound 16

The fifth paragraph considers synthesis of macro cyclic
polyazomethine compounds and quantum-chemical simulation.
Synthesis of macro cyclic polyazomethine compounds was
implemented by means of condensation of the obtained
dicarbonyl compounds with the just-synthesized hydrazine

hydrate and ethylene diamine. Composition and structure of
macro cyclic azomethine dye were determined by elemental
analysis and spectral (UV, IR and 1H-NMR spectrometry)
methods. Electronic spectra of the compound, in its visible region
show only three absorption bands at 316, 329 and 340 nm.
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The sixth paragraph considers quantum-chemical simulation of
reaction of thalidomide synthesis. One of the possible versions of
thalidomide synthesis is interaction of phtalimide and glutaramide
by isolation of hydrogen (dehydration reaction).

Geometric, energetic and electronic characteristics of starting,
transition and final states of the process of possible synthesis of the
preparation talildomide (+)-enantiomer were computed by the use
of semi-empiric quantum-chemical method AM1.

The seventh and eight paragraphs consider quantum-chemical

simulations of reactions of epoxide synthesis.

For thorough characterization of reaction of epoxide synthesis the
computations were performed by the DFT method and semi-
empiric quantum-chemical method AM1.

We computed geometric, energetical and electronic characteristics
of starting, transition and final states of the process of synthesis of
the preparation tetra-butyl 3—(3,4-dibenzoxyphenyl) oxyran-2
carboxylate by the use of quantum-chemical DFT method .

0
° O CO,t-Bu
o ‘ o
ooy o
J ! g +  Ha
d ! ? d :
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Geometric, energetical and electronic characteristics of starting,
transition and final states of the process of synthesis of methyl 3 -
(3,4-dimethoxyphenyl) oxyran-2 carboxylate were computed by
the use of semi-empiric quantum-chemical method AM1.

9 A CO,CHg
/o \O ‘ /o
o
o ‘ ¢ 0
| 5 6 |

4

Chapter III
Experimental

Chapter three covers experimental part of the research. This part
of the thesis offers the methodology and terms of the processes of
modified and implemented chemical experiments. The chapter
consists of 16 paragraphs.

Appendix

The Appendix offers computer transcript of quantum-chemical
computations of reaction of synthesis of tetra-butyl 3 —(3,4-
dimethoxyphenyl) oxyran-2 carboxylate, taken as an example.
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1.

CONCLUSIONS

Reduction of 2-aminophenol was performed and modified
in alkaline medium by means of fine dispersion zinc. It was
proved that to receive high yield, zinc should be added to
the reaction medium in several portions.

Quantum-chemical computations of
dicarbonyldihydroxyazobenzene and macro cyclic
compounds obtained on their base via their cyclo addition
with hydrazinhydrate and ethylene diamine [2+2] were
performed. It was established that trans-configuration is a
dominant configuration with respect to azo-group both in
a monomer and macro cycle.

Synthesis  of  dicarbonyldihydroxyazobenzols  and
dicarbonyldihydroxybiphenols was implemented [2+2] by
cyclic addition. It was proved that
dicarbonyldihydroxybiphenyls-containing macro cycles
possess “bouquet” structure, while those obtained from
dicarbonyldihydroxyazobenzols have “butterfly”
configuration.

Diameter of macro cycles aperture was calculated. It was
established that the aperture diameter size of 20-member
cycle varies within the ranges of 4.2-4.33 A, while in 24-
member macro cycles obtained by inclusion of azo groups
its size increases up to 7 A.
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. Geometrical and energetic characteristics of intermediate
and final products of the reaction of synthesis of the
preparation thalidomide were computed by quantum-
chemical AM1 method. It was established that the
activation energy is high and reaction is endothermic (AAH
= 38.92 kJ/mole), but by the creation of favorable
conditions (temperature, pressure, catalyst, pH) the given
scheme might be used for the synthesis of optically pure
thalidomide.

. Geometric and energetic characteristics of intermediate
and final products of the reaction of epoxide synthesis were
computed by quantum-chemical AM1 and DFT methods.

. Application of density functional method DFT proved that
activation energy of synthesis of tetra-butyl 3 —(3,4-
dibenzoxyphenyl) oxyran-2 carboxylate is high and
reaction is exothermic (AAH = -11.53 kJ/mole).

. The process of epoxides synthesis is considered in various
solvents: ethanol and dichloromethane; in ethanol
activation energy of reaction of synthesis of methyl 3 -
(3,4 dimethoxyphenyl) oxyran-2 carboxylate AAH* = 410.5
kJ/mole, while reaction heat AAH = 15.32 kJ/mole. In the
medium of dichloromethane AAH* = 409.48 kJ/mole, while
AAH = 6.64 kJ/mole.

. Activation energy of reaction of synthesis of methyl 3—-(3,4
dibenzyloxyphenyl) oxyran-2 carboxylate in the medium
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of methanol AAH? = 312.58 kJ/mole, while reaction heat
AAH = -16.06 kJ/mole. In the medium of dichloromethane
AAH?* = 311.95 kJ/mole, while AAH = -19.3 kJ/mole.

10. It was proved that if we consider indices of activation
energies and heats of reaction initiation, for the synthesis
of epoxides, with the energetic point of view application of
dichloromethane is more favorable.
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