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Abstract

The article discusses antiseptic, antibacterial, antimicrobial agents used in various indus-

tries, as well as the influence of their derivatives on plant growth depending on their composi-
tion and properties, especially compounds containing a benzene ring, active functional groups
such as a halogen atom. The article focuses on salicylic acid, its important derivatives, and
research conducted in this area. It also discusses the conditions for synthesizing the chlorinated
derivative of 2-hydroxy (2-butadienyl-1,3) benzoic acid, its structure, the results obtained, and
the interpretation of IR spectral analysis of the starting and synthesized compounds. Conclu-
sions are drawn from IR spectral analysis of the structure of the synthesized substances.
Keywords: biological activity, oxybenzoic acid, salicylic acid, divinyl ether of salicylic acid,
halogenated derivative of divinyl ether of salicylic acid, biological activity, IR spectroscopy

Introduction

Today, humanity, in the course of its activ-
ities, is constantly exposed to attacks by new
viruses and microorganisms. In this regard,
scientists are continuously faced with the
task of addressing such urgent and import-
ant challenges. This activity is manifested
primarily in the development of pharmaco-
logical, antibacterial, antimicrobial, and bio-
logically active substances; in agriculture, it
includes plant growth stimulants and agents
that protect against the effects of various mi-
croorganisms.

The fields of application of salicylic acid
and its derivatives are very broad; extensive

work has been carried out in this area and
continues intensively to this day. Among the
most important areas are pharmacology and
medicine, where numerous studies focus on
the development of new salicylates with im-
proved properties, the creation of new drugs
based on salicylic acid derivatives for pain
relief and the treatment of inflammatory and
rheumatic diseases, and the investigation of
the antimicrobial properties of salicylic acid
derivatives for use as components of anti-
septic preparations or antibacterial agents.
Their application in cosmetology and derma-
tology is also significant, and research in this
direction is ongoing intensively.
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For example, the methyl ester of salicylic
acid — methyl salicylate — is a colorless, vola-
tile liquid with a strong characteristic odor;
at present, predominantly synthetic methyl
salicylate is used. It is applied externally as
an analgesic and anti-inflammatory agent
and, in mixtures with chloroform, turpen-
tine, and fatty oils, for rubbing in cases of
joint and muscle rheumatism, arthritis, ex-
udative pleurisy, and others (Golovkin B. N.
et al., 2001; KovalenkoV.N., TyurinA.V.,
2020; European Pharmacopoeia. 2023).

The main reason for this is the presence
of functional carboxyl and hydroxyl groups
in salicylic acid. The presence of these groups
allows for chemical modification of salicylic
acid, including acetylation (Atnabaeva K. R. et
al.), alkylation (Brel A. K., LisinaS.V., 2010),
methylation (Zamyshlyaeva O. A. et al. 2002),
amidation (VanS. et al.,, 2019), vinylation
(RakhmatovM.S., RamazanovB.G., 2021),
and other processes. Acetylsalicylic acid, also
known as aspirin, is widely used as a medici-
nal product, serving as an analgesic, antipyret-
ic, anti-inflammatory agent, and an inhibitor
of platelet cyclooxygenase (ZiganshinalL.E.,
Lepakhina V. K., PetrovV.1., 2011; Abrosim-
ov, V.N., 2017).

Based on the above, the synthesis of
2-oxy(2-butadienyl-1,3) benzoic acid (Zamysh-
lyaeva O.A. et al., 2002) and the subsequent
preparation of its halogen derivative are of
great scientific and practical significance.

Section 2. Chemistry

Materials and methods of research

The following sequence of processes was

used to synthesize vinyl acetylene:
CaC, +H,0=Ca(OH),+C,H,

C,H, +C,H, LN oy _cH-C=CH

For the reaction of the synthesized vinyl
acetylene with salicylic acid, first 100 ml of
a 35% potassium hydroxide solution was add-
ed to 0.08 mol of salicylic acid and the mixture
was left on a magnetic stirrer until a homoge-
neous solution was formed. The resulting solu-
tion was cooled to —2—3 °C, and the resulting
vinyl acetylene solution in o-xylene was con-
nected to a Drexel flask containing 2-hydroxy-
benzoic acid. The solution was heated to sepa-
rate the vinyl acetylene dissolved in the xylene
solution from the solution, after which the gas
released from it was passed through a salicylic
acid solution. The process continued for about
an hour, i.e., until the salicylic acid solution
was saturated with vinyl acetylene. The result-
ing reaction mixture was cooled, dissolved in
distilled water, and various solvents. During
the product extraction process, it was revealed
that the substance dissolves well in organic
solvents such as TGF, xylene, dioxane, acetone,
benzene, toluene, etc., and poorly in water,
hexane, and heptane. Based on this, the prod-
uct was extracted using xylene. The resulting
product at room temperature is a solid crystal-
line substance. The process that occurred can
be described by the following diagram:

Figure 1. Procedure for obtaining vinyl acetylene

1 —reactor for obtaining acetylene by hydrolysis of calcium carbide; 2 — vessel with
a NaOH solution of sodium hydroxide for purifying acetylene from carbon dioxide;

3 —vessel with an acid solution of potassium dichromate (K,Cr,0+H,SO ) for purifying
acetylene from hydrogen sulfide gas; 4 — vessel with a solution of copper (I) chloride
(Cu,CL, + NH CI + HCI) for the conversion of acetylene to vinyl acetylene;

5 — container with xylene for dissolving vinyl acetylene
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The extraction product was evaporated
with solvent and dried with water-free CaCl,.
At the same time, an ester of 2-hydroxy
(2-butadienyl-1,3) benzoic acid (salicylic
acid) was obtained as a crystalline product
with a yield of 67,8-71,2%. The molecular
mass of 2-hydroxy (2-butadienyl-1,3) ben-
zoic acid, determined by the cryoscopic
method, was 190 g/mol, boiling point was
285.2 °C, and freezing point was 71,9 °C
(Rakhmatov M. S., Ramazanov B.G., 2021).
To obtain a chlorine-containing derivative of
the resulting 2-hydroxy (2-butadienyl-1,3)
benzoic acid, gas-like chlorine was passed

Section 2. Chemistry

through its solution in DMSO + KOH at room
temperature. The process was carried out un-
der these conditions for 10—15 minutes, after
which a solution sample was taken and used
for further research.

Results and discussion

To make a definitive conclusion that
a chemical reaction did indeed occur in this
process and the halogen atom reacted with
2-hydroxy (2-butadienyl-1,3) benzoic acid,
an IR spectroscopic analysis of the initial re-
agents and substances considered as reaction
products was conducted.

Figure 2. IR spectrum of a salicylic acid molecule
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The obtained results are presented below
(Figures 1-3). 3420 cm™! (wide, strong) indi-
cates the valence vibration of the O-H group.
3000—-2916 cm™! corresponds to the valence
vibrations sp? — sp? of the C-H group of at-
oms (aromatic and alkyl C-H). A significant
peak at 1661 cm™! indicates the presence of
a carbonyl (C=0) group. The peaks at 900—
—700 ecm™! and 701,05 and 668.08 cm™! cor-
respond to the C—Cl region (aryl chloride).
Usually, C—Cl bonding signs are observed in
the region of 600—-800 cm™, therefore peaks
at 701 and 668 cm™! indicate the presence of
chlorine. The preservation of peaks charac-
teristic of vinyl ethers (1016, 951 cm™) in-
dicates that the vinyl groups do not change.

To analyze the results of the obtained IR
spectral analysis, let’s consider the interpre-
tation of the obtained spectra. Figures 2 and

3 show no changes in the 3000-2850 cm
range, indicating the presence of a C-H group
of vinyl acetylene. The presence of a peak in
the 1660 cm™ range in Fig.2 and Fig.3 indi-
cates that the ether-aromatic nucleus (C=0
or C=C) bonds remained unchanged. In the
1010-950 cm™ range, the presence of the
C-O group of the ether is equally visible in
both images (Figures 2 and 3), and in the
900-700 cm™ range, the peaks of the C-Cl
bond vibrations are clearly visible in Figure 3,
which were absent in the previous two imag-
es. And at 600-500 cm!, valence vibrations
of the C—ClI bond are observed, which allows
us to conclude about the formation of a new
C—Clbond in the compound, or more precise-
ly, in the aromatic nucleus (Tarasevich B. N.,
2012; AtoevE.Kh., AkhmedovV.N., 2021).
When a compound with a benzene ring is
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Section 2. Chemistry

mixed with chlorine or bromine in the pres-  Lewis acids, an electrophilic substitution re-
ence of catalysts that have the properties of  action occurs.

35

Figure 3. IR spectrum of 2-hydroxy (2-butadienyl-1,3) benzoic acid
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Figure 4. IR spectrum of the chlorinated derivative
of 2-hydroxy (2-butadienyl-1,3) benzoic acid
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Typical catalysts for such types of reac-
tions are iron (III) chloride or aluminum
chloride. The effect of this type of catalyst is

cl cl T FeCl,

The mechanism of benzene chlorination
using iron (III) chloride as a carrier of Cl+

+

Cl Cl H

FeCl4]-

—_—

The IR spectroscopy results also indicate
the direction of the 2-hydroxy (2-butadie-

—>CI+

Section 2. Chemistry

that it creates polarization in halogen mol-
ecules, which then form a complex with the
catalyst:

FeCl, ]_

ions can be represented as follows (Freeman-
tleM., 1991):

Cl
_ +
—_— HCI + FeCl

nyl-1,3) benzoic acid chlorination reaction
according to the following mechanism:

CH2 CHZ
C—CH=CH, C—CH=CH,
0 0
0 0
C/ FeCl, C/
“SoH + oo, — 2y X~ SoH
/

This halogen derivative looks like this:

Figure 5. Structural formula and 3D model of
5-chloro-2-oxy (2-butadienyl-1,3) benzoic acid

Conclusion
Based on the conducted experiments and
the obtained results, it can be said that 2-hy-
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droxy (2-butadienyl-1,3) benzoic acid was ob-
tained in subsequent stages and the product
was chlorinated. As a result of comparing the
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IR spectra, it was established that as a result  the compound, obtaining a new derivative of
of the reaction, vibrations of the C—Cl bond  salicylic acid due to the formation of the Aril-
appear (701 and 668 cm™), which confirms  Cl bond, which proves the preservation of the
the inclusion of chlorine in the composition of  ester, carboxyl groups, and aromatic nucleus.
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