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Abstract

Currently, the synthesis of substances containing double and triple bonds solves a number of
problems in the industry. But in the process of synthesis of these substances we are faced
with some problems. This article discusses the influence of the catalyst and temperature on
the synthesis of resorcinol and vinyl acetylene esters containing unsaturated bonds. Alkali
metal hydroxides were chosen as a highly alkaline medium. Of the experimental variants, the
highest result was observed when performing synthesis in the KOH-DMSO environment.
CsF was also used to increase the alkalinity of the medium. The essence of the high basicity
property of the KOH-DMSO system is related to the strong solvation of cations and weak
anions. It should also be taken into account that KOH is poorly soluble and has a low degree
of dissociation in a mixture with dimethyl sulfoxide. This provides a basis for considering
the changes that occur with non-dissociated alkali molecules along with the traditional
anionic mechanism. Among the catalysts used in the experiment, the most effective was
KOH, in which the yield of resorcinol in the mono - position of vinyl ether was 31,7%, and
when using LiOH and NaOH — 14,6 and 22,7%, respectively.

Keywords: acetylene, vinyl acetylene, catalyst, resorcinol, @ KOH-DMSO,
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Introduction

Aromatic vinyl esters containing a vinyl group are characterized by their resistance to
hydrolysis and a tendency to radical polymerization compared to aliphatic analogues. The
reactivity of these substances as a building block in organic synthesis is very high [1, 2].
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There are several schools of scientists whose research works are aimed at the synthesis of
vinyl esters and the study of their derivatives. One of them is the scientific school of F. V.
Kalabin. They used acetylene as a vinylating agent in their vinyl ether production

technology. Arylvinyl esters synthesized by them are widely used in the synthesis of
polymers, diene and polyenes, as well as in the synthesis of biologically active substances [3,
4, 5].

The last few decades show rapid development of the chemistry of synthesis of arylvinyl
esters and their derivatives. They are used in the synthesis of new composite polymers, as
well as in the synthesis of preparations for plant protection [5].

Acetylene due to the triple bond in its composition is one of the main raw materials in
chemical synthesis. Thanks to these properties, it is possible to synthesize very important
substances in the chemical industry, as well as in organic synthesis [6, 7].

To date, in the development of the fundamental basis of acetylene chemistry, the
developments of A. E. Favorsky do not lose their significance. It is possible to perform the
reaction of nucleophilic addition (vinylation) of acetylene in the form of an electrophile in a
strongly alkaline medium and as a nucleophilic addition of acetylene with a carbonyl group
C=0. Among super-modern environments, KOH/DMSO is one of the most stable,
convenient and versatile systems [8-11].

Vinyl derivatives of aromatic hydrocarbons containing a hydroxo group are synthesized as
heterocyclic compounds by vinylation with acetylene.

To date, the introduction of high-base systems consisting of a solution of alkaline-bipolar
aproton into the chemistry of vinyl acetylene has allowed optimizing the conditions for
obtaining difficult-to-synthesize vinyl compounds, as well as aromatic hydrocarbons and
their vinyl esters.

The study systematically studied the process of vinyl acetylene vinylation using high-base
KOH-DMSO and KOH-DMFA systems in the presence of resorcinol (KOH) [12-16]. The
role of DMSO in the KOH-DMSO system is that it causes dissociation of the base ion pair,
as well as the formation of a high-base and low-solvatable dimsil anion:

H H . CH
KTOH- + S —_— K*| O— S \ OH
(i) . CH,

It should be noted that the essence of this system should be explained in General by changes
in the dielectric constant of the medium, hydrogen bonds, and other effects. If metal
fluorides are added to the DMSO-KOH system, their basicity will increase, the process will
be easier, and the yield of vinyl esters will be higher [17].
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Material and methods

A CsF-mon-DMSO catalytic system with high basicity (M = Li, Na, K) was used for
vinylation of resorcinol. In the process, the formation of resorcinol vinyl ether in the mono -
position was determined, the schematic form of the reaction is as follows:

O-H
KOH-DMSO-CsF
+ HC=C—C=CH, OHDMBOCsF,
H
0-H
i
0—C—C=CH,
H
—_—
0-H

At the same time, the basicity of the system increases and allows you to dramatically
increase the output of the resulting product.

Results

It is known that in many catalytic processes, the yield of the product and the direction of the
reaction largely depend on the nature and quantity of the catalyst and solvent, temperature,
molar ratios of the initial materials, as well as on the speed of introduction of the initial
reagents.

The influence of the nature of the catalyst on the process of resorcinol vinylation is
investigated. Lithium, sodium, and potassium hydroxides were used as catalysts. In all cases,
resorcinol was found to form vinyl ether in the mono position. The results obtained in
accordance with the nature of the catalyst used are shown in table 1.

Table 1
Catalyst Yield, %
LiOH 14,6
NaOH 22,7
KOH 31,7

Influence of the nature of the catalyst on the yield of resorcinol vinyl esters in the mono-
position (reaction time-3 hours, temperature-30°C)
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According to the results, the relatively active catalyst was KOH, in which the yield of
resorcinol vinyl ether in the mono position was 31,7%, using LiOH and NaOH-14,6 and

2,7%, respectively.

When conducting experiments without a solvent, the process of vinylation of resorcinol is
difficult, because of the low yield of the product, it was impossible to separate it and
determine its composition. The catalyst in the amount of 12-24% relative to the mass of
resorcinol was tested for the vinylation process in the presence of DMSO.

The vinylation process was performed at atmospheric pressure in the presence of alkali metal
hydroxides. It was found that the activity of catalysts decreases in the following order:

CsOH - H,O > KOH - H,O > NaOH' H,O > LiOH H,O

Comparing the catalytic activity of KOH and 2KOH « H,O, KOH * H,O, it was shown that
the amount of water in all cases complicates the vinylation process. CsOH has been found to
be relatively highly effective, where anhydrous alkali metal hydroxides are used in the
vinylation process. However, dehydration of rubidium and caesium hydroxides is very
difficult. It is usually boiled with solvents such as octane, toluene, and xylene, which form an
azeotropic mixture with water and remove the water.

According to the results obtained in the experiment, the amount of KOH in the system has a
significant effect on the course of the reaction, and its optimal amount was 13% by weight of
resorcinol, in subsequent experiments, the amount of the catalyst was the above amount.

The effect of solvents on the resorcinol vinylation reaction was studied with a reaction time
of 2,5 hours (table 2).

Table 2
The yield of vinyl
Nature of the | Temperature amount of catalyst ether of resorcinol
Ne Y petaty KOH, % (relative to the ..
solvent , °C ) mono - position,
mass of resorcinol)
%

1. - 25-30 13 5,2

. DMSO 25-30 13 20,3

3. DMFA 25-30 13 16,3

Influence of the solvent on the process of resorcinol vinylation
(Reaction time-2,5 hours)

From the above data, it can be seen that the nature of the solvent significantly affects the
vinylation reaction of resorcinol. During the formation of resorcinol vinyl ether in the mono
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position, the yield was 5.2% and under the same conditions with the participation of DMSO,
the yield was 20,3%. To study the effect of the nature of the solvent on the reaction the
process was performed in the presence of DMFA at 25-30°C with a catalyst content of 11%

(relative to the mass of resorcinol). At the same time, the yield was 16,3%. Among the
solvents used, DMSO was found to be more active than DMFA in the vinylation process.
This is due to the fact that, as mentioned earlier, polar two-proton solvents form a highly
alkaline system with KOH. This increases the basicity of KOH and accelerates the
nucleophilic attachment of the intermediate compound-potassium resorcinate with vinyl
acetylene.

Discussion. To further increase the yield of resorcinol vinyl ether in the mono position, the
KOH-DMSO-CsF system was studied. The temperature was maintained in the range of 25-
45 °C. The results are shown in table.3.

Table 3
Ne Reaction time, | The yield of vinyl ether of resorcinol mono
Temperature, °C ..
hour - position, %
1. 25-30 1 25,6
2. 25-30 2 28,5
3. 25-30 3 34,2
4. 25-30 4 35,3
5. 25-30 5 38,7
6. 30-35 5 50,2
7. 50-75 5 36,5

Temperature effect on the yield of resorcinol vinyl ether in the mono-position with the KOH-
DMSO-CsF system (the amount of KOH catalyst relative to the mass of resorcinol is 13%)

The table shows that when the reaction time increases from 1 to 5 hours, the yield of
resorcinol vinyl ether in the mono-position passes through the maximum. At a temperature
of 25-30 ° C and a reaction time of 3 hours, the yield of the product is 34,2%. a Further
increase in the reaction time leads to a decrease in the yield of resorcinol vinyl ether in the
mono-position, its yield reaches the maximum value after 5 hours, i.e. 38,7%.

An increase in temperature to 30-35 °C led to an increase in product yield by 50,2%. An
increase in temperature above 50°C led to a decrease in product yield. This can be explained
by oligomerization of the synthesized vinyl compound and partial oxidation of resorcinol
and the resulting product, or by a decrease in the solubility of vinyl acetylene at high
temperatures and a destructive change in the product.

Thus, studies of the resorcinol vinylation reaction showed that the highest yield of the
product (50,2%) and the optimal conditions for the process are: the solvent - DMSO, the
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amount of the catalyst KOH - 13% (relative to the mass of resorcinol), the temperature is 30-
35 °C, and the reaction time is 5 hours.

Based on the results of the study of the influence of temperature on the course of the
resorcinol vinylation reaction, a graph of the yield of resorcinol vinyl ether at different
temperatures, depending on the duration of the reaction (Fig. 1).

According to the results of experiments, it was found that the temperature has a significant
effect on the yield of the product. In all cases, the yield of the product increases depending
on time and temperature. When the temperature is raised from 30 to 35 ° C with a reaction
time of 5 hours, the yield of the product also increases from 38,7 to 50.2%, respectively.
Further increase in temperature slows down and at 75 ° C the product yield is 36,5%.
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Fig. 1. Effect of the reaction duration at different temperatures on the yield of resorcinol
vinyl ether in the mono-position.

Based on the data obtained, a graph of the temperature dependence of the product yield was
drawn up (Fig. 2). This pattern is explained by a decrease in the solubility of vinyl acetylene
at high temperatures, which leads to a decrease in its content in the reaction system, a
decrease in the reaction rate and the yield of resorcinol vinyl ether in the mono-position.
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Fig. 2. Temperature dependence of resorcinol vinyl ether yield in mono-position
(Reaction time 5 hours)
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Conclusion

The influence of the catalyst, temperature, and solvent in the vinylation reaction based on
vinyl acetylene was studied. Based on the results of the study, the vinylation reaction was
performed in a super-new medium (KOH / DMSO). The higher activity of KOH in the
reactions of vinylation of phenols with vinyl acetylene than LiOH and NaOH can be
explained by the fact that easily forms the corresponding ethinides and phenolates.

The results of these studies can be applied to aromatic oxic acids, nitrogen and sulfur-
containing heterocyclic compounds, alcohols, thiols and acetoxides in addition to phenols.
Based on the results of the study, a method of homogeneous-catalytic vinylation of
resorcinol with vinyl acetylene at atmospheric pressure was developed.
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