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The article is an overview of the research carried out in the LLP «Institute of Organic Synthesis and Coal
Chemistry of RK» in recent years. The application of methods of ultrasonic and microwave chemistry to the
processes of oxidation and oxidative modification of coal, activation of the processes of immobilization of
humic acids and their derivatives on the surface of burnt rocks, as well as the effect of carbon nanotubes on
the processes of obtaining humic-mineral compositions were studied. The properties of new activated forms
of humic sorbents were studied and tested as sorbents for wastewater treatment. Composite catalysts based on
compounds of VIII (Fe, Ni, Co, Mo) group metals were obtained and their activity was studied in the process
of hydrogenation of anthracene and phenanthrene. The optimal parameters of cavitation treatment of fuel oil
fractions in the presence of synthesized composite catalysts based on water-soluble metal salts deposited on
zeolites and carbon sorbents were determined. Based on aniline-formaldehyde polymer and its mixed compo-
sitions with melamine-formaldehyde polymer and polyaniline, new metal-polymer composites with
electrocatalytic properties were obtained. Their structure and morphological features were studied by IR spec-
troscopy, X-ray phase analysis, atomic emission spectroscopy and electron microscopy. Electrocatalytic ac-
tivity was investigated in the processes of electrohydrogenation of organic compounds. New derivatives of 4-
amino-1,2,4-triazole, thiosemicarbazides N-morpholinyl acetic and N-anabasinyl acetic acids were synthe-
sized, their structure, biological activity, reaction mechanisms were studied and optimal conditions for their
synthesis were proposed.
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catalysts, anthracene, phenanthrene, fuel oil, hydrogenation, polymer-metal composites, aniline and mela-
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In 2018, the Institute of Organic Synthesis and Coal Chemistry celebrated its 35th anniversary, the crea-
tion of which was associated with the need to expand and deepen basic and applied research in Central Ka-
zakhstan, since the billions reserves of low-energy coals from Shubarkul, Maikubensky and other deposits
that are here, also the industrial enterprises of the Karagandaugol and Carbid factories, the coke-chemical
production of the Karaganda Metallurgical Plant represented a unique basis for the development of industrial
organic synthesis and chemistry of coal. The Institute has carried out a large amount of research, the results
of which are published in numerous monographs and rating journals. This article presents the most important
results of the last time.

In the field of modification of low-energy coals, the processes of oxidation, oxidative amination, nitra-
tion and sulfonation of selected black and brown coals of Kazakhstan were carried out under conditions of
ultrasonic and microwave activation. Oxidized coals of the Shubarkol deposit and brown coals of the
Kuznetsky and Oi-Karagaysky (Almaty region) deposits were used.
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Physical methods using ultrasonic processing (USP) and microwave radiation (MWR), which were first
used to intensify the reactions of obtaining a number of coal-chemical products and carrying out chemical
modification of coal, are among the poorly studied and promising methods for the intensification of techno-
logical processes for the production of humic substances and their compositions. Elucidation of the types of
reactions under the influence of ultrasound and microwaves, as well as the prospects for their use, is an im-
portant task.

Studies have shown that ultrasound contributes to the accumulation of new acid groups in the coal
composition and to an increase in the yield of humic acids from the products of sonolysis. Oxidation pro-
cesses in coals under the action of ultrasound occur at moderate temperatures for a short time (5—30 minutes)
and depend on the nature of the coals. According to the susceptibility of the energy of ultrasound, the coals
are arranged in the following row: Oi-Karagai > Shubarkol > Kuznetsky. The effect of various oxidative ad-
ditives (hydrogen peroxide, nitric acid and sulfuric acid) with modifying ability on the oxidation of coal has
been studied. The possibility of introducing nitrogen, sulfur in the form of amino-, amido-, nitro- and sulfo-
groups, which increase the sorption characteristics of the oxidation products obtained, was proved by the
methods of functional analysis and data of the elemental composition [1].

According to the study of sorption and other characteristics of sorbents and comparison with conven-
tional methods for their preparation, the high efficiency of using physical methods of exposure to obtain new
humic compositions was noted, including by introducing them into a nonorganic matrix based on burnt rocks
that are waste coal mining.

Studies on the activating effect of ultrasound and microwaves on the immobilization of humic acids and
their derivatives on the surface of the burnt rock showed that immobilization in USP and MVR conditions
showed the promise of using porous aluminosilicate rocks as available and effective sorption-filtration mate-
rials. However, to solve the problem of chemical resistance and mechanical strength of humic mineral
sorbents, the use of «Taunit» multi-walled carbon nanotubes (MWCNTSs) (produced by LLC Nanotechtsentr,
Tambov, Russia) allowed.

According to the electron microscopic analysis, the MWCNTSs are filamentous formations of polycrys-
talline graphite, which are predominantly cylindrical. The outer diameter is 20—70 nm, the inner diameter is
5-10 nm. The length is several orders of magnitude greater than the diameter and is 3—10 microns. Modifica-
tion of the side and end sections of the MWCNTs is often a necessary manipulation when creating materials
with improved surface and bulk properties.

Oxidation is the most common method of chemical modification of carbon nanotubes. A mixture of
concentrated nitric and sulfuric acids, potassium permanganate, a mixture of ammonia and hydrogen perox-
ide solutions was used as oxidizing agents. The yield of products using a mixture of concentrated acids was
50-60 %. The highest yield of products (92-95 %) was obtained when potassium permanganate was used as
an oxidizing agent. For the first time, the processes of immobilization of humic acid and multi-walled carbon
nanotubes on the surface of burned rocks (BR) have been carried out by ultrasonic and microwave activation.

Ultrasonic dispersion and microwave irradiation of components were also used to create humino-
mineral compositions modified with carbon nanotubes [2]. For the immobilization processes being devel-
oped, an ultrasonic disperser of the IL-100-6/2 brand with an operating frequency of 22 kHz was used. Modi-
fication of humic acid with MWCNTSs was performed by ultrasonic homogenization of humic acid with
MWCNTs. During the study, the influence of various factors (the ratio of initial reagents, the duration of the
USP) was investigated. The largest amount of acid groups (4.26 mmol-eq/g) is contained in the sample,
which was irradiated with ultrasound for 10 minutes. The product yield was 60—68 %. It was established that
the most homogeneous structure, according to microscopic analysis, was achieved with the ratio
BR:HA:MWCNT = 50:20:1 and 50:10:1. The yield of products was 94-97 %. The number of acidic groups
in the samples is in the range of 2.07-2.38 mmol-eq/g, the largest number of them is contained in humic-
mineral composites with activated forms of carbon nanotubes obtained by USP for 10 minutes [3].

The effect of microwave radiation on the immobilization process was carried out in aqueous suspen-
sions at a ratio of the initial components of the BR:HA:MWCNT = 50:20:1 and 50:10:1. The influence of the
ratio of the initial components, the duration of MWR-effects and the nature of the modifier on the processes
of obtaining humic-mineral nanocomposites has been studied. The number of acidic groups in the samples is
in the range of 1.97-2.19 mmol-eq/g [4].

The laboratory tests of humic-mineral nanocomposites during the purification of industrial wastewater
from the processing plant Priozersk indicate that humic-mineral sorbents (including those obtained under
UZO and MVI conditions) containing nanotubes are highly competitive on the sorption activity with
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nanohumic composites. In particular, BR + GA + MWCNT composites purify sewage from the main com-
ponents: aluminum (by 99.93 %), iron (by 98.02 %), manganese (by 60.58 %), lead (by 97.35 %), strontium
(by 67.37 %) and zinc (by 97.98 %). The efficiency of using humic-mineral sorbents containing multi-walled
carbon nanotubes as sorbents for wastewater treatment at enterprises has been proven [5, 6].

Thus, for the first time, the high efficiency of ultrasonic treatment on the process of obtaining humic-
mineral compositions has been established, and the use of microwave radiation reduces the time of the syn-
thesis process. The composition and structure of humic-mineral samples activated by MWCNTSs under con-
ditions of ultrasonic and microwave radiation has been proved by modern physicochemical methods. It has
been shown that humic-mineral composites modified by multi-walled carbon nanotubes can be used as
sorbents for wastewater purification.

As a result of the research work, a pilot setup was manufactured for testing the developed technologies
of humic-mineral sorbents under experimental conditions and the optimization of the technological mode of
their production. A draft technical specification for the design of the plant has been drawn up. The calcula-
tion of the equipment was done. Two chemical reactors have been manufactured for carrying out processes
for the preparation of sorbents [7].

Products of modification of coal and coal waste with various chemical compounds and their applica-
tions as sorbents for wastewater treatment, restoration of fertility of depleted and man-made soils, and im-
proving the soil structure are new and have no domestic and foreign analogues. The novelty is confirmed by
the patent of the Republic of Kazakhstan [8].

In the field of hydrogenation of heavy hydrocarbon raw materials, studies were carried out to obtain
composite catalysts based on compounds of VIII Group metals (Fe, Ni, Co, Mo), and their activity was stud-
ied in the process of hydrogenation of polyaromatic compounds. The optimal parameters of cavitation treat-
ment of heavy hydrocarbon feedstock (fuel oil) in the presence of these composite catalysts based on water-
soluble salts of iron, nickel, cobalt, and molybdenum deposited on zeolites and coal sorbent were deter-
mined.

It has been established that the highly dispersed distribution of the compounds of these metals by the
impregnation of active carbon with solutions of their salts and their complex compounds leads to the conver-
sion of metal compounds deposited on the surface of the coal into an oxide form. So it was shown that the
impregnation of iron, nickel and cobalt sulfates on a carbon sorbent results in highly dispersed metal-sulfate
catalysts on a carbon carrier (FeSO,-7H,0/C, NiSO,-7H,0/C, binary FeSO,-7H,0 — CoSO,-7H,0/C) with
a content of active ingredient of 5 % (for metal). High-dispersion catalysts based on iron, nickel and cobalt
oxides on a carbon substrate Fe,0;/C, NiO/C, binary catalyst Fe,0;—CoO/C were synthesized by a thermal
modification of the corresponding metal sulfates [9].

The catalytic properties of the synthesized catalysts in the hydrogenation reactions of model polycyclic
hydrocarbons — anthracene and phenanthrene — have been studied [10].

In a comparative analysis of the catalytic activity of the obtained composite catalysts with a known
iron-chromium catalyst (STK-1), it was found that under the same conditions, Fe,O; and Fe,O;/C catalysts
give the composition of the reaction products with different ratio of components. It should be noted that, in
terms of the active component of the catalysts, iron, the content of the latter in Fe,O;/C is 14 times lower
than in Fe,O;. It was revealed that the replacement of nickel-sulfate by nickel-oxide catalyst leads to a more
noticeable increase in the products of hydrogenolysis than on iron-containing analogues, while the content of
hydrogenated components in the process of hydrogenation decreases. The composition of gaseous products
of anthracene hydrogenation on the catalyst, including methane, ethane and propane, was established by gas-
liquid chromatography (GLC). The product of isomerization of anthracene (phenanthrene) on nickel catalysts
is formed in larger quantities than on iron ones.

It was established that as a result of the anthracene hydrogenation reaction, two groups of compounds
are formed: hydrogenated and hydrogenolysis products. In this case, the transition of the linear form of
anthracene to angular phenanthrene and its transformation products is observed [11].

The reaction proceeds according to the scheme:

OO — (D 000
v

I I 11
anthracene dihydroanthracene tetrahydroanthracene octahydroanthracene
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As a result, two groups of compounds were obtained: hydrogenated II-IV, which include 9,10-dihydro-
anthracene, 1,2,3,4-tetrahydroanthracene and 1,2,3,4,5,6,7,8-octahydroanthracene, and V-XV hydrogenoly-
sis products: 1-methyl-naphthalene, 1-ethyl naphthalene, 2,3-dimethylnaphthalene, 2-ethylnaphthalene,
2-butylnaphthalene, 1-methyl-2-phenylmethylbenzene, 2-methyl-1,1'-diphenyl, 2,2'-dimethyl-1,1'-diphenyl
and 2-ethyl-1,1'-diphenyl. Compounds V, VI, XI-XIII do not belong to the products of destruction of
anthracene or its hydro-derivatives. The presence in the reaction mixture of 1-methyl-naphthalene V,
1-ethylnaphthalene VI, 2-methyl-1,1'-diphenyl XI, 2-ethyl-1,1'-diphenyl XII and 2,2'-dimethyl-1,1'-diphenyl
XIII can be explained by the result of the destruction of phenanthrene or its hydrogenated derivatives — di-
and tetrahydrophenanthrene. In this case, there is a transition of the linear form of anthracene to angular
phenanthrene and the products of its transformation:

o — S0 —~ oD

phenanthrene 9,10-dihydro- 2-methyl-1,1'- 2-ethyl-1,1'- 2,2'-dimethyl-
phenanthrene diphenyl diphenyl 1,1'-diphenyl

o (L)
1,2,3,4-tetrahydrophenanthrene 1-ethyl-naphthalene

The use of zeolite as a carrier was associated with their geometry, porous structure, frame chemistry,
and the nature of extra-frame structures. The presence of a large group of microporous crystalline
aluminosilicates, the three-dimensional framework of which is permeated with cavities and channels of
nanometric dimensions, creates a unique opportunity to modify catalysts. Impregnation of zeolites with
aqueous solutions of metal salts, the cations of which are required to be introduced into the zeolite, is the
most common method of modifying zeolites.

In order to study the activity of the synthesized iron-containing composite catalysts supported on zeo-
lite, hydrogenation of polyaromatic compounds was carried out.

During the research the following results were obtained:

— by an impregnation of iron, nickel and cobalt sulfate on zeolite, the highly dispersed metal-sulfate
catalysts based on synthetic zeolites CaA and ZSM were prepared: FeSO,-7H,0/CaA (FeSO4 TH,O/ZSM),
NiSO4 7H,0/CaA  (NiSO4 7H,0/ZSM), binary FeSO,7H,0 - CoSO4 7H,0O/CaA (FeSO47H,O0 -
CoSO4:7TH,0/ZSM) with the content of the active component 5 % (by metal). By a thermal modification of
iron, cobalt and nickel sulfates supported on a carrier (zeolite), the composite catalysts based on iron, nickel
and cobalt oxides on a CaA and ZSM zeolite substrate were synthesized: Fe,05/CaA (Fe,0:/ZSM), NiO/CaA
(NiO/ZSM), binary catalyst Fe,0O; — CoO/CaA (Fe,O; — CoO/ZSM) [12].

— the catalytic activity of synthesized catalysts was investigated in the reactions of hydrogenation of
anthracene. The chromatographic mass-spectroscopy (CMS) and GLC analysis established the component
composition of the hydrogenation products. A method for analyzing the products of anthracene hydrogena-
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tion was developed for GLC. The method used a database of component composition, created on the basis of
the results of the analysis of standard samples and CMS analysis of reaction products [13].

— it was established that under the same conditions, the synthesis of catalysts Fe,0;/CaA and CoO/CaA
give the composition of the reaction products of different component ratios. So, with a slight difference in
the degree of conversion of anthracene — 95.02 % for Fe,0;/CaA and 97.38 % for CoO/CaA, the difference
in the content of the products of hydrogenolysis and hydrogenation is more noticeable. In the process of hy-
drogenation in the presence of Fe-Co/CaA catalyst, hydrogenation products amounted to > 80 %, cleavage
products < 10 % [11].

— it was found that the replacement of a cobalt sulfate by a cobalt oxide catalyst leads to a more notice-
able increase in the products of hydrogenolysis, in comparison with nickel and iron based analogues
(14.12-23.62 % for Ni and 9.01-12.96 % for Fe). At the same time, the content of hydrogenated components
decreases (77.67-63.81 % for Ni and 84.95-77.49 % for Fe) [14].

Thus, the synthesized binary catalysts based on compounds of VIII group metals deposited on a coal
sorbent and zeolite demonstrate high activity in the process of hydrogenation of model compounds.

In the process of fuel oil hydrogenation, it was established that the conversion and the quantitative
composition of the products formed are different and depend on the activity and selectivity of the catalysts,
which, in turn, are associated with the surface, dimensionality and porous structure. The use of iron-
containing composite catalysts makes it possible not only to increase the conversion of hydrocarbon deriva-
tives, but also to improve the quality of the products obtained, in particular, alkanes of iso-construction with
a lower molecular weight (2-methylpentane, 2-methylpentene, etc.) [15].

It was noted a rather significant increase in the content of paraffinic hydrocarbons and a decrease in ar-
omatic, polyaromatic, oxygen-containing hydrocarbons. In the cavitation treatment of the fuel oil fraction in
the presence of the composite catalysts Fe,O3/C, Fe,0O3/ZSM and Fe,O3/CaA, the content of paraffins with a
longer C,5-Cy9 chain increases. This is due to the fact that during cavitation treatment in the presence of
Fe,05/ZSM, Fe,05/CaA, Fe,O3/C catalysts, two coupled processes occur in the mixture — destruction and
condensation, however, the destruction of paraffins prevails over condensation processes [16].

Optimal conditions and a number of factors influencing the cavitation treatment of the fuel oil fraction
in the presence of the Fe,O;/C catalyst are determined. In accordance with the regression equation obtained,
the optimal conditions for cavitation treatment are as follows: T = 90—120 s, the amount of added catalyst is
0.7-1 g and the amount of added water is 1.5-2 ml [17].

Thus, by quantifying the individual composition of the fuel oil fraction, the positive effect of the cata-
lytic-cavitation treatment in the presence of the studied catalysts was established. According to the hydrocar-
bon conversion, the catalytic systems are arranged in the following order: Fe,O3/C > Fe,O3/CaA >
Fezo3/ZSM.

In the field of electrocatalysis of organic compounds, by a combined chemical and electrochemical
method, new polymer-metal catalytic systems were created with the study of their activity in the
electrohydrogenation of organic compounds [18-26].

The synthesis of metal-polymer composites based on conductive polyaniline (PAni) polymer with im-
mobilized metal salts (Ni, Co, Cu, Pd, Zn, Ag, Fe), metal oxides (CuO, FeO) without and with further chem-
ical and electrochemical reduction of their cations were carried out [18-23]. The possibility of electrochemi-
cal reduction of cations of a number of metals in the composition of the PAni polymer matrix was estab-
lished when powder composites were deposited on the surface of the Cu cathode (without fixing them), and
PAni + M° composites possessing electrocatalytic activity were created.

Preparation of polymer-metal composites according to the developed direction was continued with the
participation of aniline-formaldehyde polymer (AFP) and its mixed compositions with melamine-
formaldehyde polymer (MFP) and PAni with the following monomeric structures:

Ok A GO0k

PAni
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It should be noted that, unlike polyaniline, AF- and MF-polymers do not have conductive properties and
even, on the contrary, are good insulators. The introduction of salt or metal nanoparticles allows to create
new materials with semiconductor properties on the basis of individual polymers or their mixed composi-
tions.

Metal-polymer composites with the participation of AF-polymer were obtained by introducing a metal
salt (CuCl,, NiCl,, FeCl;, FeSO,) in situ polycondensation of aniline and formaldehyde with further thermal
treatment (TT), as well as the «impregnation» method by sorbing metal salts with polymer from their aque-
ous solutions. X-ray diffraction (XRD) analyzes revealed the influence of the synthesis conditions and the
nature of the introduced metal (in the form of its salt) on the phase constitution of the synthesized AFP com-
posites. Metal oxides (Cu,O, CuO, NiO, Fe;O4) are formed in composites synthesized in situ;
2CuCl,-5Cu(OH),-H,0 complex salt, hydroxides and oxyhydroxide (Ni(OH),, FEOOOH) are present in the
composites prepared according to the second variant of the synthesis.

The electrocatalytic activity of the synthesized composites was studied in the electrohydrogenation of
o-nitroaniline (0-NA) in a diaphragm cell when they are deposited on the surface of the Cu cathode (current
1.5 A, 30 °C, catholyte — 2 % NaOH solution with the addition of ethanol, anolyte — 20 % NaOH solution).
The electrochemical reduction of o-NA under the same conditions is carried out at a rate (W) of
3.3 mL Hy/min, and a degree of transformation of 0-NA to o-phenylene-diamine (o) is equal to 84 %.

Experiments have shown that Ni- and Fe-containing AFP composites (AFP + NiCl,, AFP + Ni’,
AFP + FeCl; and AFP + FeSQ,) exhibit a weak electrocatalytic activity in o-NA electrohydrogenation,
which is caused by the inability of the cations of these metals to electrochemical reduction under given con-
ditions. According to the XRD analysis, copper cations are reduced from copper oxides and its complex salt
formed during the synthesis and TT, giving copper particles in the zero-valence state in the polymer matrix,
which catalyze the electrohydrogenation of 0-NA [24]. At the same time, AFP + CuCl, composites obtained
by the «impregnation» method showed a higher electrocatalytic activity: o-NA hydrogenation rate increases
to 5.6—6.1 mL/min, its conversion — to 91-94 % with the formation of one product — o-phenylene-diamine
having a wide range of practical applications. Preliminary ultrasonic treatment (UST) of these composites
contributes to a more complete extraction of copper cations from its aqueous solutions and to a greater
amount of their electrochemical reduction.

For the synthesized new polymer-metal composites based on an AF-polymer and salts of metals CuCl,,
NiCl,, FeCls, FeSO,, their electrical conductivity was determined to be about 10°~10* Ohm™'-m™, which
allows us to classify them as organic semiconductors with promising applications in microelectronics, for the
manufacture of various kinds of sensors, etc.

Mixed aniline-melamine-formaldehyde polymers (AMFP) were obtained mainly according to the de-
veloped method of synthesis, which consists in carrying out the polycondensation of aniline and melamine
with formaldehyde separately for each monomer (with a 1:1 ratio), followed by their combination.

Metal-polymer AMFP-composites were prepared by two methods: / — in situ by immobilizing metal
chlorides (Cu*", Ni**, Co™"), their oxides and metal nanoparticles (synthesized by chemical reduction of their
cations from aqueous solutions of salts with sodium borohydride and hydrazine hydrate and sonicated) into
the polymer matrix, and 2 — the «impregnation» method. By the XRD analyzes of AMFP composites before
and after their application in electrohydrogenation of 0-NA, the electrochemical reduction of copper cations
from AMFP powder composites doped with CuCl,, CuO and Cu,O and the highest electrocatalytic activity
of composites synthesized in situ were established (Table 1) [25]. As follows from the data presented, the
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rate of o-NA hydrogenation and its conversion increase with an increase in the copper content in 1 g of
AMFP + CuCl, composites.

Table 1
Electrocatalytic hydrogenation of 0-NA on the copper-containing AMFP composites
. The copper content W, mL H,/min , %
Composites inlg (Ffpcomposite (a.=0.25) (Ot1 0.25) o, %
Cu cathode — 33 27.7 84.0
AMFP (1:1) + CuCl, (1:0.5) 0.150 2.4 20.7 80.5
AMFP (1:1) + CuCl, (1:1) 0.253 4.8 46.7 84.8
AMFP (1:1) + CuCl, (1:1.5) 0.324 6.1 62.7 98.0
AMFP (1:1) + CuCl, (1:2) 0.559 8.5 80.3 100
AMFP (1:1) + CuCl, (1:1) + NaBH, 0.252 4.1 37.2 100
AMFP (1:1) + CuO (1:1) 0.369 4.7 41.7 89.1
AMFP (1:1) + Cu,O (1:1) 0.209 3.2 30.6 73.7

Mixed AFP + PAni and PAni + AFP polymers were prepared according to the synthesis procedures of
AF-polymer and PAni, respectively. Metal-polymer composites PAni + AFP (2:1) with introduced metals
(Cu*", Fe**, Zn*") chlorides and their oxides sonicated were produced according to several synthesis options.
Their structure, phase composition and morphological features were studied by IR spectroscopy, X-ray pow-
der diffraction, and electron microscopy. The structural-phase changes in the composites under the action of
the reaction medium of the oxidative polymerization of aniline and current cathodic polarization are ana-
lyzed. It was found that the metal cations in copper (II) and zinc (II) chlorides, as well as in FeO (wustite)
(Fig. 1), CuO and ZnO oxides introduced into the polymer matrix undergo electrochemical reduction (on the
stage of hydrogen saturation) to form copper, zinc and iron particles in the zero-valent state, which catalyze
the electrohydrogenation of 0-NA.

n
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nFe;0 i mFe:Os
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Figure 1. X-ray patterns of the PAni(2) + AFP(1) + FeO(1:0.6) composite
before (a) and after (b) electrohydrogenation of 0-NA

Comparison of the electrocatalytic activity of the synthesized composites based on the mixed polymer
PAni(2) + AFP(1), doped with metal salt, gives the following series of their activity: CuCl, > ZnCl, > FeCl;
(not active). The electrocatalytic activity of the PAni(2) + AFP(1) + MeO composites decreases in the fol-
lowing sequence of oxides introduced: CuO > FeO > ZnO.

Table 2 shows the results of experiments on the electrohydrogenation of 0-NA using Zn-containing
composites PAni + AFP, performed under the above described conditions with a current of 2.0 A [26].
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Table 2
Electrocatalytic hydrogenation of 0-NA on the PAni(2) + AFP(1) + ZnCl, (ZnO) composites
Composites The zinc conten.t in | W, mL H,/min n, % o %
1 g of composite (a=0.25) (a=0.25) ’
Cu cathode - 3.5 25.0 71.0
PAni(2) + AFP(1) + ZnCl, composites
PAni + AFP + ZnCl, (1:2) 0.138 3.7 26.7 78.1
PAni + AFP + ZnCl, (1:2) + NaOH 0.243 4.9 34.4 85.0
PAni + AFP + ZnCl, (1:2) + NH,OH 0.270 54 39.4 97.7
PAni + AFP + ZnCl, (1:1) + evaporation 0.085 6.6 47.7 87.6
PAni + AFP + ZnCly(1:1) + evaporation + TT 0.089 7.0 50.8 92.1
PAni(2) + AFP(1) + ZnO (Zn) composites
PAni + AFP + ZnO (1:1) + NaOH 0.285 5.1 33.8 99.9
PAni + AFP + ZnO (1:1) + NH,OH 0.275 4.0 26.7 92.0
PAni + AFP + Zn (1:1) + NaOH 0.384 7.1 52.3 86.4
PAni + AFP + Zn (1:1) + NH,OH 0.370 7.1 51.6 81.2

It follows from the above data that all synthesized Zn-containing composites based on the mixed
PAni(2) + AFP(1) polymer possess electrocatalytic activity in electrohydrogenation of 0-NA; in their pres-
ence electrocatalytic hydrogenation of 0-NA is carried out at higher rates and more complete o-NA conver-
sion than electrochemical reduction at the Cu cathode.

Thus, on the basis of the AF-polymer and its mixed compositions with MFP and PAni, metal salts and
oxides, new metal-polymer composites have been created, relating mainly to organic semiconductors and
exhibiting electrocatalytic properties depended on the nature of the introduced metal, its content, conditions
of synthesis and the influence of ultrasonic treatment. The resulting metal-polymer composites are multi-
functional materials and can be used not only as catalysts or electrocatalysts in the synthesis of chemical
compounds, but also in other areas of technics, including nanotechnology.

In the field of synthesis of biologically active substances, in continuation of previous studies [27-30] on
the basis of heterocyclic compounds, new approaches were proposed to the reactions of interaction of
acetoacetic acid anilide with 5-aminotetrazole and substituted aromatic aldehydes, which led to the develop-
ment of methods for obtaining new series of 7-aryl-5-methyl-N-phenyl-4,7-dihydrotetrazolo-[1,5-a]-
pyrimidine-6-carboxamides [31]. Studies are being carried out on the chemical transformation of the struc-
ture of fullerene C60 with modified derivatives of alkaloids with obtaining interesting in terms of studying
the biological properties of fulleropyrrolidines [32, 33].
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In order to expand a number of polyfunctional 1,2,4-triazoles bearing valuable biologically active
groups [34, 35] based on N-morpholinyl acetic acid hydrazide, were synthesized and intramolecular
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heterocyclization of thiosemicarbazide derivatives (5) was carried out. These compounds can be widely used
in organic chemistry as starting synthons in the synthesis of many nitrogen-containing heterocyclic com-
pounds.

_ 0 ;
0
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S ./
(5) Nt
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A H (6-10)

R = CHy=CH-CH,- (6); CH;-CH,- (7); C¢Hs- (8);
CgH5-C(O)- (9); 4-Br-C¢H,-C(0)- (10)

The cyclization of thiosemicarbazide derivatives (5) was carried out in an aqueous-alkaline medium by
heating the reaction medium to 80-85 °C. The starting N-morpholinyl acetic acid thiosemicarbazides were
obtained by the interaction of N-morpholinyl acetic acid hydrazide with alkyl and aryl isothiocyanates. In the
presence of alkali, N-alkyl(aryl)thiosemicarbazides of N-morpholinyl acetic acid (5) are converted to
thiolate, and upon further acidification, 5-(morpholinomethyl)-4-alkyl(aryl)-1,2,4-triazole-3-thions are
formed (6-10) [35-37].

In order to establish the spatial structure of 5-(morpholinomethyl)-4-allyl-1,2,4-triazol-3-thione (6), its
X-ray structural examination was carried out, the general view of which is shown in Figure 2. From the ob-
tained data it follows that the bond lengths and valent angles are close to normal [37].

Figure 2. The structure of the molecule 5-(morpholinomethyl)-4-allyl-1,2,4-triazole-3-thione (6)

In continuation of these studies, N-phenyl thiosemicarbazide N-anabasinyl acetic acid (12) was synthe-
sized by reacting N-anabasinyl acetic acid hydroxide (11) with phenyl isothiocyanate in ethanol with a yield
of 74 %. It is established that upon acidification of a water-alkaline solution of the obtained phenyl-
thiocarbazide derivative (8), the latter one is subjected to intramolecular hetero-cyclization with the for-
mation of 4-phenyl-5-anabazinomethyl-1,2,4-triazole-3-thione (13) [38].
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The synthesis of N-allylthiosemicarbazide N-anabasinyl-acetic acid was carried out in a similar way,
and further its acidification leads to intramolecular hetero-cyclization with the formation of 4-allyl-5-
anabasine-nomethyl-1,2,4-triazole-3-thione.

Among the extensive class of sulfur-containing compounds, an important role belongs to derivatives of
dithiocarbamic acids [39, 40]. Derivatives of hydrazides and thiosemicarbazides are known to be important
syntons in the synthesis of azaheterocycles [41]. It was established that using various reagents and changing
the conditions of the reaction, it is possible to direct cyclization towards the formation of 1,3,4-oxadiazoles,
1,3,4-thiadiazoles or 1,2,4-triazoles.

In order to study the influence of the nature of substituents in the hydrazine component on the structure
of condensation products, the interaction of N-morpholinyl acetic acid hydrazide (14) with carbon disulfide
in an alkaline medium was studied. It was established that as a result of the reaction, the potassium salt of
hydrazinodithiomorpholinyl acetic acid (15) is formed, which was used for further syntheses. The potassium
salt of hydrazino-dithiomorpholinyl acetic acid (15) under the action of sulfuric acid (concentrated) at a low
temperature easily undergoes cyclization to 5-(morpholinomethyl)-1,3,4-thiadiazol-2(3H)-thione (16) [38,
39]. In order to optimize this reaction, we studied the conversion of N-morpholinyl acetic acid hydrazide to a
1,3,4-thiadiazole derivative in the interaction of hydrazide with carbon disulfide in an alkaline medium under
the conditions of «one pot» microwave activation in an aqueous medium [39—-42].
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The structure of the substance (16) is confirmed by X-ray structural analysis (Fig. 3).

Figure 3. The spatial structure of the molecule 5-(morpholinomethyl)-1,3,4-thiadiazol-2(3H)-thione (16)
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In continuation of the ongoing research on dithiocarbamine derivatives, a series of preparatively con-
venient chemical transformations with the potassium salt of hydrazinodithiomorpholinyl acetic acid (15) was
carried out. A study of the hetero-cyclization of the potassium salt of hydrazinodiomorpholinyl acetic acid
(15) showed that the nature of the forming substances depended on the conditions of the process [41-43].
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So, by reacting the potassium salt of hydrazinodithiomorpholine-acetic acid (15) with hydrazine hydrate
in the presence of potassium hydroxide in absolute ethanol, followed by acidification with hydrochloric acid
to a neutral medium (pH = 7), 4-amino-3-(morpholinomethyl)-(1H)-1,2,4-thiazolo-5e(4H)-thione (18) was
synthesized [44]. It should be noted that a change in the nature of the reaction medium from absolute ethanol
to water-ethanol (1:2) leads to the formation of the potassium salt of 3-(morpholinomethyl) -1,2,4-thiazole-4-
thione (17). The structure of the substance (17) was also confirmed by X-ray diffraction [40—43].

As a result of research and experimental works, optimal methods of synthesis were developed and the
physico-chemical properties of new potentially biologically active compounds of dithiocarbamate, thiourea,
thiazole, and thioamide structures based on N-morpholylacetic acid hydrazides, as well as the known
anabasine alkaloid, were studied. The synthesized new substances are of interest as potential objects for
studying the biological properties and establishing the regularities of the «structure-bioactivity» relationship.

It should be noted that Institute of Organic Synthesis and Coal Chemistry of RK throughout all the
years of its activity takes an active part in the implementation of the most important tasks in the framework
of the priority directions of the development of science of the RK. The Institute staff at a high modern level
conducts the scientific researches on the development of high technologies for the production of industrially
important coal products, including modern approaches based on the use of microwave and ultrasound activa-
tion technology in chemical processes for the creation of new natural-synthetic polymers nanostructured cat-
alysts, nanocomposites of various purposes and biologically active substances with the participation of C60
fullerene and nanofibers and other new products.

At the same time, the Institute should pay attention to the issues of commercialization of scientific re-
sults, taking into account the experience of promoting a number of developments, namely, the
electrocatalytic production of 2,4,5,6-tetraaminopyrimidine and 2,4,5-triamino-6-oxypyrimidine used in the
production of the antitumor drug «Methotrexate» and folic acid, introduced at the Shchyolkovo Vitamin
Plant (Russia), the creation of the production of the highly effective flotation reagent dimethyl(isopropenyl
ethynyl)carbinol (DMIPEK) in Moscow, the release of coal-alkaline reagent from off-balance coals Central
Kazakhstan on SISA «Ekibastuzugol» and LLP «Uglesintez» with capacity up to 1000 tons of products per
year.

At this stage, it is necessary to increase the efficiency of implementation works on the basis of the cre-
ated mini-workshops for obtaining sodium humate and coal-fuel briquettes based on coal screenings from the
Shubarkol coal deposit.

It is necessary to ensure further improvement of the created innovative developments of the Institute:

—on the creation of new domestic polymer-humic soil builders and organic-mineral humic fertilizers,

coal-alkaline reagent, coagulants and corrosion inhibitors based on coal products;

— on obtaining magnetically controlled nanosorbents for collecting oil spills from the water surface;

—on obtaining valuable chemical compounds (p-aminobenzoic acid in the electrocatalytic system,

piperidine by electrocatalytic reduction of pyridine, methylphenylcarbonyl by electrocatalytic reduc-
tion of acetophenone and etc.), which are the basis of medicinal and fragrant substances.

The results of the implementation of these developments will contribute to the advanced development
of high-tech and knowledge-intensive industries that save mineral resources, diversify the economy from raw
materials to processing, and also contribute to solving environmental problems in the region.
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3.M. MongaxmeroB

OprasHukajbIK CHHTE3 KOHE KOMIPpXUMHUS HHCTUTYThI:
Kasipri skeTicTikTepi MeH 1amy OaraapjaaMasiapbl

Maxkanana «KP OpraHukanblk CHHTE3 JKoHE KeMipxuMus WHCTUTYTB JKIIC-me COHFBI KbUIHAPHI
OpBbIHJIAJIFAaH 3epPTTeyJep HeTi3iHAe oMy jKacajfaH. YIbTPaIbIOBICTHIK JKOHE MMKPOTOJIKBIHABI XUMHS
dnIicTepiH KOMip/i TOTHIKTHIPY JKOHE TOTBIFY TYPJICHIIPY YpZicTepiHe KONIaHy, KaHFaH XKBIHBICTHIH OeTiHe
T'YMHH KbIIIKBUIAAPBIH JKOHE OJIAPJIbIH TYBIHBUIAPEIH MMMOOHIN3aLMsIay YpIAiCTepiH OenceHuipy, coHnaii-
aK TYMHHMHHEpAJAbl KOMIIO3HLUIAPIBI aly MPOLECTEepiHe KOMIPTEKTI HAHOTYTIKTEpAiH dcepi 3epTTeii.
T'ymunni copbenTrepain xaHa OenceHai GpopMaTapbIHBIH KaCHETTEePl aHBIKTAJIBIIT aFbIHIBI CYJNapAbl Ta3apTy
yuin copbentrep peringe cbmHaymap xkyprizingi. VIII-mi tomrarsr (Fe, Ni, Co, Mo) MerammapabiH
KOCBUIBICTAphl HETI3iHJEe KOMIIO3UTTIK KaTanu3aTopylap albIHABI JKOHE aHTpaleH MeH (eHaHTpeHui
THIpHUpIICY TIpOLeCiHAe oyapAblH Oencenpimiri 3eprrenmi. lleommTrep MeH keMip copOeHTTepiHe
KOHJIBIPBUIFaH METAIIAP/BIH Cy/a €PHUTIH TY3/aphl HEeTi3iH/e CHHTE3/IeNreH KOMITO3UTT] KaTaln3aTopapAbIH
KaTBICYbIMEH Ma3yT (pakuMsIapblH KaBUTALMSUIBIK OHJCY/IH OHTAlJIbl IapaMeTrprepi aHbIKTabl.
AunnuHOQOpMANbACTHA — MOJUMEpI  JKSHE OHBIH  MeJaMHHO(GOpPMAaNbAErua  IOJNMMEPIMEH  JKoHE
HOJIMAaHWIMHMEH apajac KOMIO3HULMIIAPbI HETi31H/Ae 3IeKTPKaTaIMTHKAIIBIK KaCHeTTepi 0ap jkaHa MojuMep-
MeTanAbl  KOMIIO3UTTEp  aiblHAbl.  OnapiblH  KYpPbUIBICEI MEH MOPQOJOTHAIBIK  epeKIIeniKTepi
HK-cnekrpockonust, peHTreHo(asanslK Taiagay, aTOMIBI-IMUCCHSIIBIK CHEKTPOCKOIHS JKOHE DIICKTPOH/IBIK
MHUKPOCKOIHS 9J[ICTEPIMEH 3epTTEeNTeH. DIEKTPKATATUTHKAIBIK OCJICEHAITIK OpPraHUKaJIbIK KOCBUIBICTAP IBI
NEKTprupanysayaa 3eprrengi. 4-AvmuHo-1,2,4-tpuazonasH, N-MopdormHmiIcipke sxoHe N-aHa0a3nHHI-
Cipke KbIMKBULIAPEIHBIH THOCEMHKApOa3uATEePiHiH >KaHA TYBIHABUIAPHI CHHTE3ENTeH, ONapIblH KYPBUIBICHI
MEH OHONOTMsUIBIK OCJCEHIUTIr, peakius MeXaHU3MICpi 3epTTeNreH KoHe Je OJapiAbl CHHTE3Aey
szicTeMenepiHiH OHTaMIbI AP TTaPbl YCHIHBLUIFAH.

Kinm co30ep: TyMUH KbBILIKBUIBI, )KaHFAH KbIHBIC, KOMKA0ATTHl KOMIPTEKTI HAHOTYTIKTEP, T'yMHHOMUHEPAIIIBI
KOMIIO3UTTEP, KOMIIO3HMTTI KATAM3aToOpiiap, aHTpaileH, (EHaHTPeH, Ma3yT, T'HAPOTCHH3AIMS, MOJIUMEp-
METAIIBl  KOMIIO3UTTEP, AHWIMHII JKOHE MEJIAMUHO(POPMAIBIETUATI  IOJUMEpIEp, [OJHAHUIIHH,
JJIEKTPKATAIMTUKAIBIK ~ Kacuerrep,  4-amuHO-1,2,4-Tpua3on  TYBIHIBUIAPBL,  (YILIEPOIUPPOIUHIED,
OHoOeICeHIITIK.

3.M. MynnaxmeToB

I/IHCTHTYT OPraHu4eCKroro CuHTe3a u yrilexuMum:
COCTOSIHUE M TNIEPCIICKTUBLI Pa3BUTUSA

CraTbsg HOCUT OO30PHBIN XapakTep MO HUCCICAOBAHUAM, BbINOJHEHHBIM B TOO «MHCTUTYT OpraHMYecKOro
cunTe3a u yrnexumun PK» 3a mocnennue roapl. M3ydeHo npuMeHeHHne METONOB YNbTPa3ByKOBOW M MHKPO-
BOJIHOBOHM XMMHHM K HPOIECCaM OKHCIICHHUS W OKHCIHMTEIHHOTO MOAN(HIMPOBAHUS YIJIEH, aKTUBAIUH IIPO-
LIECCOB MMMOOMIM3AIMY TYMUHOBBIX KHCJIOT M MX IPOM3BOAHBIX HA MOBEPXHOCTH TOPENBIX IIOPOJI, a TaKXKe
BIIMSTHHE YTJIEPOIHBIX HAHOTPYOOK Ha MPOLECCH HOJydeHHs] TyMUHOMUHEPAIBHBIX KOMITO3HINH. M3ydeHsl
CBOIfCTBAa HOBBIX AKTHBHPOBAHHEIX (JOPM I'yMHHOBBIX COPOCHTOB ¥ NPOBEICHBI HCIBITAHHUSI UX B KAaUueCTBE
COpOEHTOB Il OUYUCTKH CTOYHBIX BOJ. IloydeHbl KOMIO3UTHBIE KaTaan3aTOPhl HA OCHOBE COSIUHEHUH Me-
tayutoB VIII rpynnst (Fe, Ni, Co, Mo), 1 u3y4eHa X akTHBHOCTb B MpOLECCE THAPUPOBAHHUS aHTpALlCHA U
(enantpena. OnpezeneHbl ONTUMAIbHbIC TapaMeTPbl KABUTALMOHHOW 00paboTKH (pakiuii MasyTa B NpH-
CYTCTBMU CHHTE3HPOBAHHBIX KOMIIO3UTHBIX KaTaJM3aTOPOB HA OCHOBE BOJOPACTBOPHUMBIX COJIEH METasIOB,
HaHECEHHBIX Ha LEOJIUTHI M yrolbHBIE copOeHTH. Ha ocHOBe aHMIMHOGMOPMAIIBACTHIHOTO HOJIMMEpPA U €To
CMEIIaHHBIX KOMIIO3UIUH ¢ MeJIaMUHO(GOPMAaIbIECTHIAHBIM ITOJMMEPOM U ITOJHAHUIMHOM IOJTYYSHEI HOBBIE
METAJUIONIOIMMEPHBIE KOMIIO3UTHI, OOJIafaronue 3JIeKTPOKATAIMTHIECKUMH CBOHCTBaMHU. VX cTpoenme n
Mopdoiornueckne ocoGeHHOCTH H3ydeHBl Meronamu HMK-cnekrpockommu, peHTreHo]a3oBOro aHalm3a,
aTOMHO-3MHCCHOHHOM CIIEKTPOCKOMHHU U 3JIEKTPOHHON MHUKPOCKOMUH. DIEKTPOKATATUTHYECKAs: aKTUBHOCTh
HCClIeIoBaHa B MPOIIeccax MEKTPOrHAPUPOBAHHS OPraHUYECKUX coeqUHEHNH. CHHTE3UPOBAHBI HOBBIE TIPO-
U3BOJHbBIE 4-amuHo-1,2,4-tpuazona, THOCEMHKap0a3uI0B N-MOpdOTHHUITYKCYCHOM u N-
aHa0a3MHMITYKCYCHOM KHCIIOT, N3y4eHbl UX CTPOEHUE, OMONOTrHYecKasl aKTUBHOCTb, MEXaHU3MbI PEAKIUN H
MIPEUTOKEHBI ONTUMANIBHBIE YCIIOBHUS UX CHHTE3a.

Kniouesvie crosa: TyMuUHOBas! KUCIOTa, TOpeTasl IOPOJia, MHOTOCTCHHBIE YIIICPOJHBIE HAHOTPYOKH, TYMUHO-
MHHEpaJIbHbIE KOMITO3HUTHI, KOMIIO3UTHBIC KaTalM3aTOPHI, aHTpAIeH, (PeHaHTpeH, Ma3yT, THAPOTCHH3AIHS,
TOJIMMEP-METaJUIIeCKUEe KOMITO3HUTHI, aHMIMHO- ¥ MEeITaMHHO(GOPMAaIIbIETHIHEIE MOIUMEph], MOIHaHWIINH,
JNIEKTPOKATATUTHYECKHAE CBOWCTBA, MPOU3BOAHbIE 4-aMiHO-1,2,4-Tpua3zona, QyIeponuppoIuIrHbl, 6HOaK-
THBHOCTb.
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