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GENERAL CHARACTERISTICS OF WORK

Relevance of the work and degree of development. Currently,
one of the urgent problems of petrochemical science is the working
out of new economically and ecologically more profitable polyfunc-
tional surface-active heteroatom-containing organic compounds for
various purposes.

In recent years, new effective processes have been implemented
related to the solution of many petrochemical problems - improvement
of methods for obtaining target compounds with high yields, waste
disposal, reduction of emissions into the environment, etc. However,
there are still unresolved economic and environmental problems.

Thus, on a global scale, more than 25-30% of metals and metal
equipments under the influence of water and reservoir systems con-
taining hydrogen sulfide, chlorides, CO», sulfates and other substances
that enhance the corrosion and biocorrosion (under the influence of
sulfate-reducing bacteria) process in the oil producing and oil refining
industries corrode and become unusable.

As the analysis of scientific and technical literature of recent
years shows, the working out of new corrosion inhibitors intended for
wide application in the oil producing and oil refining industry based
on available types of fluids is an important task. They are used not
only in the operation of wells, but also in their transportation.®

On the other hand, to intensify oil production processes on a
global scale, it is necessary to periodically clean the internal surfaces
of wells using aqueous solutions of mineral acids, which necessarily
contain inhibitors (without any or inhibitory composition, acid corro-
sion of metal occurs).?

Organic compounds with anticorrosive, bactericidal and other
useful operational properties are mainly surface-active, they form

! Migahed, M.A. Beneficial Role of Surfactants as Corrosion Inhibitors in
Petroleum Industry: A Review Article // Chem. Eng. Commun., - 2009. V.196, - p.
1054-1075.

2AG0acoB, B.M. PeareHtsl W TpPOAYKTHI i  He(TSIHOW, Ta30BOH,
HedrenepepabarpiBatomieii M HedTeXUMHUYECKOW mpoMblnuIeHHOCTEH/ B.M.
Ab6bacos, JI.. Amuesa, E.Ill. AGxynnaes, [u ap.]/ MoHorpadusi, M3naTenscTBo
“Onm”, - 2017, - 436 c.
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chemisorbed layers on the metal, which helps to reduce the corrosion
rate. Although various corrosion inhibitors consisting of structural and
functional fragments and heteroatoms (O, N, S, P) are known, the
number of organic compounds that simultaneously possess anticorro-
sive, bactericidal (SRB) and other important operational properties is
very limited and the demand for them is constantly growing.

From this point of view, derivatives of phenols, alkyl and
alkenyl phenols containing various functional groups and heteroatoms
in their structures are used as inhibitors of acid corrosion of non-fer-
rous and ferrous metals, bactericides (SRB), additives to petroleum
products, medicines and other valuable products. It is also known that
the role of phenolic compounds and their various derivatives is im-
portant when used as antimicrobial, antioxidant, anticorrosive, viscos-
ity-temperature additives to oils and fuels. Another urgent problem of
petrochemical science is also the search for effective polyfunctional
sorbents from phenolic compounds for cleaning water systems, includ-
ing domestic and industrial wastewater from heavy metals, radionu-
clides and other harmful substances. Although in recent years many
studies have been conducted in this area and various cleaning methods
have been proposed, using ion exchangers, sorption materials, etc.,
many problems associated with their reuse have not been solved to a
sufficient extent, which indicates the importance of continuing tar-
geted work. A special place is occupied by modified (cross-linked)
structures containing hydroxyl, amine, amide, nitrile, carboxyl and
other reactive fragments, due to which it is possible to carry out sorp-
tion of harmful substances from oil and water systems in "mild" con-
ditions.

Particular attention in the world is also paid to solving the prob-
lem associated with increasing the light and heat resistance of oligo-
meric and polymeric materials for various purposes by chemically
modifying their structure at the synthesis stage (inclusion of stabilizing
monomeric and polymeric units of phenolic comonomers in growing
polymer chains). This allows us to significantly improve the perfor-
mance properties of the resulting copolymers and increase their ser-
vice life.



In the last 25-30 years, interest in the chemical transformations
of phenols and their derivatives has increased sharply, as evidenced by
publications concerning the study of natural phenolic compounds, the
development of convenient methods for extracting them from plants,
using them as antitumor drugs, etc.

Special attention should be paid to the condensation products of
alkenylphenols with aldehydes and amines (by Mannich). Despite the
study of the Mannich reaction and the successes achieved, using a pri-
mary amine instead of a secondary amine in the Mannich reaction, it
Is possible to direct the condensation towards the formation of alkenyl
substituted 1,3-benzoxazine - a valuable new precursor, which al-
lowed it to be used in further reactions to implement previously un-
known transformations in order to create new valuable industrial ma-
terials with unique properties. Taking into account the solution of the
above problems, the presented dissertation work, devoted to the topic:
"Synthesis and study of heteroatom-containing compounds and prod-
ucts of their transformations based on allyl and propenylphenols”, de-
voted to the synthesis of new heteroatom-containing derivatives of al-
lyl and propenylphenols, products of their transformation, study of
their structures and patterns of change in the areas of their practical
application (as corrosion inhibitors, biocides, reagents for the transfor-
mation of SRB growth, additives, antioxidants, etc.) depending on
their structure, is very relevant and is of interest from both theoretical
and practical points of view.

Object and subject of work. The object and subject of the study
were heteroatom-containing compounds based on allyl and pro-
penylphenols and the study of their practical application.

The purpose and objectives of the dissertation work. Synthe-
sis of heteroatom-containing compounds based on 2-allyl-, 2-pro-
penyl- and 4-isopropenylphenols, study of their antioxidant, viscosity-
temperature and antimicrobial properties. In addition, the goal was to
study them as inhibitors of steel corrosion in acidic, hydrocarbon-con-
taining environments, in formation water saturated with hydrogen sul-
fide and carbon dioxide, as well as reagents for suppressing the growth
of SRB. Using various modifying agents in the reactions of structuring
benzoxazines and co-oligomers, materials were obtained that are
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capable of sorbing radioactive and heavy metals from water systems,
oil formation waters, etc. To achieve the given goal, the following
problems were solved:

- study of the triple condensation reaction of 2-allyl-, 2-pro-
penyl- and 4-isopropenylphenols with formaldehyde and primary
amines in order to obtain alkenyl-substituted 1,3-benzoxazines on
their basis;

- study of the triple condensation reaction of 2-allylphenol with
benzaldehyde and primary or secondary amines;

- study of the structure and thermal properties of the obtained
compounds;

- obtaining quaternary ammonium salts;

- obtaining propargyl-containing derivatives of allyl- and pro-
penylphenols, as well as 1,3-benzoxazines;

- synthesis of condensation products of 2-allylphenol, formalde-
hyde and ethylenediamine and study of the sorption properties of the
obtained materials on its basis;

- study of the reaction and condensation products of 2-allylphe-
nol, formaldehyde (or benzaldehyde) and urea (or thiocarbamide);

- study of the anticorrosive properties of 1,3-benzoxazines and
ammonium salts in a water-salt hydrocarbon-containing medium sat-
urated with hydrogen sulfide;

- study of the anticorrosive properties of ammonium salts of syn-
thesized compounds in petroleum formation water saturated with hy-
drogen sulfide and COy;

- study of the anticorrosive properties of synthesized compounds
in a sulfuric acid medium;

- study of synthesized ammonium salts as reagents for suppress-
ing the growth of SRB during oil production;

- study of the antioxidant properties of condensation products of
2-allyl and 2-propenylphenols;

- study of viscosity-temperature properties of condensation
products of 2-allyl- and 2-propenylphenols in a composition in 1-12A
oil;



- study of the antimicrobial properties of 1,3-benzoxazines, ami-
nomethyl derivatives and their ammonium salts in M-8 oil, in water
and DMSO.

Research methods. Triple condensation of 2-allyl-, 2-propenyl-
and 4-isopropenylphenols with aldehydes, as well as the transfor-
mation of the resulting products and the production of ammonium
compounds were carried out under laboratory conditions. Their struc-
tures were studied using NMR, IR, elemental analysis, scanning elec-
tron microscopy, y-Spectrometer, etc.

The main provisions defended. The condensation products ob-
tained based on 2-allyl-, 2-propenyl- and 4-isopropenylphenols, as
well as ammonium compounds based on them, have anticorrosive
properties in acidic environments under various conditions, biocidal
properties in relation to SRB, antimicrobial, antioxidant and other
properties. While studying the condensation products as precursors in
further transformations, modifiers with functional groups are obtained
that are capable of adsorbing radioactive and heavy metals from aque-
ous systems and oil formation waters.

Scientific novelty of the dissertation. For the first time, scien-
tific principles have been worked out the synthesis of functionally sub-
stituted heteroatom-containing compounds based on 2-allyl-, 2-pro-
penyl- and 4-isopropenylphenols with conjugated and non-conjugated
double bonds with the aromatic ring, possessing a number of valuable
operational properties (corrosion inhibitors, reagents for suppressing
the growth of SRB, antioxidant, antimicrobial, sorption) depending on
their structure, which can be applied in oil extracting and petrochemi-
cal industry.

Theoretical and practical value of the work. Systematic stud-
ies were conducted to identify areas of practical application of the syn-
thesized aminomethyl derivatives of 2-allyl-, 2-propenyl- and 4-iso-
propenylphenols, as well as 1,3-benzoxazines of various structures
based on them, and the following conclusion was made regarding their
properties:

- in order to identify the anticorrosive properties of the synthe-
sized compounds in various systems: in a water-salt hydrocarbon-con-
taining medium saturated with hydrogen sulfide, in a sulfuric acid
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medium, as well as in oil formation water saturated with hydrogen sul-
fide and carbon dioxide, the dependence of the operational properties
of functionally substituted heteroatom-containing compounds, as well
as their ammonium salts on the structure was revealed;

- the dependence of the biocidal properties of the synthesized
ammonium salts based on functionally substituted heteroatom-con-
taining compounds on their structure was studied. It was found that the
synthesized ammonium salts in low concentrations have 100% sup-
pression of SRB growth;

- antioxidant properties of synthesized heteroatom-containing
compounds soluble in oils were studied, and the relationship between
their structure and properties was established,;

- antimicrobial activity of synthesized 1,3-benzoxazines and
their ammonium salts against microorganisms (Staphylococcus au-
reus, Escherichia coli, Candida albicans, Shigella flexneri, Salmonella
enterica, Pseudomonas aeruginosa, Aspergillus niger) was revealed. A
correlation was established between the bactericidal and fungicidal
properties of the tested compounds and their structure;

- a new approach to obtaining environmentally friendly, light-
and thermal-stable monomeric and polymeric stabilizers based on
aminomethyl derivatives of alkenylphenols was identified,;

- it has been established that the condensation products of 2-al-
lylphenol with formaldehyde and ethylenediamine have high sorption
properties in relation to uranyl ions and heavy metals in aqueous sys-
tems and in oil formation waters.

Approbation and publication. The research results were re-
ported and discussed at the following International and Republican
scientific conferences: the 2nd International Scientific Conference
dedicated to the 105th anniversary of Academician Hasan Aliyev on
the topic "Ecology: problems and challenges™ (Baku, November 7-8,
2012); the International Scientific and Technical Conference for the
75th anniversary of Academician Valery Legasov (Tula, 2012); the 1st
International Chemical and Chemical-Technological Conference ded-
icated to the 90th anniversary of National Leader Heydar Aliyev
(Baku, April 17-21, 2013); the International Scientific and Methodo-
logical Conference “Integration of Science and Education in
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Universities of the Oil and Gas Profile -2014", Ufa; VIII Republican
Scientific Conference "Kimyanin aktual problemlori” dedicated to the
91st anniversary of National Leader Heydar Aliyev (Baku, May 7-8,
2014); IX Republican Scientific Conference dedicated to the 92nd an-
niversary of National Leader Heydar Aliyev (Ganja, May 7-8, 2015;
Baku, 2015); International Scientific Conference "Muasir kimya va
biologiyanin aktual problemlari” dedicated to the 93rd anniversary of
National Leader Heydar Aliyev (Ganja, May 12-13, 2016); Interna-
tional Scientific Conference "Actual problems of modern chrmistry”
dedicated to the 90th anniversary of Academician Yu.G.Mammada-
liyev (Baku, October 2-4, 2019); 11l and 1V International Conferences
of Students and Young Scientists dedicated to the 97th, 98th, 99th,
100th and 101st Anniversaries of National Leader Heydar Aliyev
(April 6-16, 2020; May 25-26, 2021; April 18-29, 2022; Baku, May 4-
05, 2023; Baku, 2024); | International Scientific Conference "Recent
Scientific Investigation” (Oslo, Norway, December 6-8, 2020); Re-
publican Scientific Conference (Baku, December 12, 2020); IV Inter-
national Novruz Conference of Scientific Research (Karabakh, March
18-21, 2021); International Conference "Modern Problems of Theo-
retical and Experimental Chemistry" dedicated to the 90th anniversary
of Academician Rafiga Aliyeva (Baku, September 29-30, 2022); 11 In-
ternational Scientific and Practical Conference "Innovative Develop-
ment in the Global Science" (Boston, USA, June 26-28, 2023); 1l In-
ternational Scientific and Practical Conference "Diversity and Inclu-
sion in Scientific Area" (Warsaw, January 26-28, 2023); VIII Interna-
tional Scientific and Practical Conference "Global and Regional As-
pects of Sustainable Development” (Copenhagen, March 26-28,
2023); VI International Scientific and Practical Conference "Scientific
Community In" (Hamburg, July 6-8, 2023); Republican Scientific
Conference "Kimya va kimya texnologiyasinda miiasir yanagmalar",
dedicated to the 80th anniversary of the Department of Petroleum
Chemistry and Chemical Technology (Baku, December 14, 2023); Re-
publican Scientific Conference “Oil, Polyfunctional Monomers, Ole-
omers, and Synthetic Polymers” dedicated to the 90th anniversary of
Academician S.M. Aliyev (Baku, June 23, 2023); | International Book
Publication of the Commonwealth of Independent States “Best
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Researcher - 2023” (Astana, 2023); International Scientific Confer-
ence “Modern Problems of Macromolecular Compound Technology”
(Baku, April 25-26, 2024); XI International Scientific and Practical
Conference “Science, Education, Innovation: Topical Issues and Mod-
ern Aspects” (Tallinn, Estonia, November 16-18, 2024); International
Scientific Conference “Scientific Advances and Innovative Ap-
proaches”, Tokyo, Japan (2024), etc.

Based on the results of the dissertation work, 82 scientific works
were published, including 33 articles (29 of them with international
indexation), 43 abstracts, 1 monography, and 5 Azerbaijani Patents.

The name of the institution where the dissertation work was
performed. The dissertation work was completed in the research la-
boratory "Chemistry of Alkenylphenols" at the Department of "Chem-
istry of Oil and Chemical Technology" of Baku State University. The
studies presented in the dissertation are one of the planned research
works carried out at Baku State University.

The total volume of the dissertation indicating the volume of
structural sections. The dissertation consists of an introduction, 6
chapters, conclusions, a list of references including 542 titles, an ap-
pendix consisting of 2 test reports, and spectra. The material is pre-
sented on 400 pages, contains 49 tables and 186 figures.

The Introduction briefly and clearly provides information
about the relevance of the completed dissertation, the stated goal, the
object of research to achieve the stated goal, the methods and subjects
of research, the scientific novelty of the results obtained and testing,
as well as the structure and volume of the dissertation work.

The first chapter provides a comprehensive analysis of the cur-
rent state of research on new methods for the synthesis of various
alkenylphenols, their transformations at the multiple bond, benzene
ring and OH group in the presence of catalysts and initiators, as well
as areas of their practical application. The review also provides com-
prehensive information on the syntheses of cyclic heteroatom-contain-
ing phenol derivatives - 1,3-benzoxazines, their transformations and
application in various fields of the national economy and technology.
In addition, the review clearly analyzes the possibility of using het-
eroatom-containing organic compounds.
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The second chapter is devoted to the methodology of experi-
mental work on syntheses and studies of the structures of the obtained
compounds, description of the methods for analyzing the structures of
the studied compounds, as well as methods for conducting corrosion,
biocidal, antioxidant, antimicrobial studies of the properties of the ob-
tained compounds. The second chapter also presents *H and **C NMR,
IR spectra, elemental analysis (Carlo Erba EA 1108, G10
GSM6610RV and JEOL JSM-6610LV, ICP MS 7700e, RFY-1
method AR2092_0721), TGA and DTA of the synthesized com-
pounds. The second chapter also provides a method for determining
the molecular weight of oligomers, determining the sorption capacity
of modified oligomers (HPGe y-spectrometer), and conducting anti-
microbial studies (Leica EMUCT7 ultramicrotome, Zeiss microscope
(Primo Star) with an EOS D650 digital camera, TEM JEM-1400).

The third chapter is devoted to a discussion of the results of
the synthesis of heteroatom-containing compounds and their transfor-
mation products, establishing the influence of the nature of the rea-
gents taken on the yields of target compounds, and studying their ther-
mal properties.

The fourth chapter discusses the results of syntheses and stud-
ies of the structures of the obtained products based on 2-allyl- and 4-
isopropenylphenols with aldehydes and diamines, and identifies areas
of application for their modified derivatives.

The fifth chapter discusses the importance and results of syn-
theses of propargyl derivatives of 2-allyl-, 2-propenyl- and 4-isopro-
penylphenols, their nitrogen-containing derivatives, as well as 8-allyl-
and 8-propenyl-substituted 1,3-benzoxazines.

The sixth chapter is devoted to the discussion of the results of
studies of alkenyl-substituted 1,3-benzoxazines, aminomethyl deriva-
tives of alkenylphenols, various ammonium salts based on them as in-
hibitors of acid corrosion of metals in aqueous, aqueous-salt hydrocar-
bon environments, oil reservoirs, as biocides against SRB in oil pro-
duction, antioxidant, antimicrobial, viscosity-temperature additives to
oils, as well as drugs and identifying patterns between the performance
properties and structure of the synthesized compounds.
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The Conclusions section provides the scientific novelty of the
research results, which are important from both a scientific-methodo-
logical and chemical point of view.

At the end of the dissertation, a list of references (source) is
given, formatted during its writing in accordance with the require-
ments.

The total volume of the dissertation consists of 369186 charac-
ters, where the introduction is 17403, the first chapter is 90319, the
second chapter is 75104, the third chapter is 55458, the fourth chapter
Is 39225, the fifth chapter is 6767, the sixth chapter is 78998, and the
conclusions are 5912.

The applicant’s personal contribution to the research con-
ducted. When completing a dissertation according to the topic, when
analyzing a literature review of recent years, when conducting exper-
iments, analyzing NMR and IR spectra, etc., writing articles and when
conducting all other studies, they are done by the applicant himself.

THE MAIN CONTENT OF THE WORK

Synthesis and study of condensation products of 2-allyl- and
2-propenylphenols with formaldehyde and morpholine

In order to develop previously conducted studies in the field of
triple condensation of alkenylphenols with formaldehyde and amines
(according to the Mannich reaction), a reaction of 2-allyl and 2-pro-
penylphenols with formaldehyde and morpholine was carried out and
aminomethyl derivatives containing multiple bonds in the structures
were obtained accordlng to the foIIowmg scheme

/_\
+ CH,0 + HN
— 7 7N\
\/\© + CH,0 + HN o—>/\©/\N\_/
__/ ,

The obtained compounds 1 and 2 were synthesized as precur-
sors with yields of 70.8 and 80.7%, respectively.
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From the NMR spectra of the compounds it is evident that the
protons of the OH group are detected in a weak field: for compound 1
— 7.5 ppm, for compound 2 — 10.5 ppm. The obtained results indicate
the formation of an intramolecular hydrogen bond between the nitro-
gen of the morpholinomethyl fragment and the hydrogen of the OH
group of phenol.

A study of the structures of aminomethylated derivatives of 2-
allyl- and 2-propenylphenols by IR and NMR spectroscopy allowed
us to establish the presence of a fairly stable intramolecular hydrogen
bond (up to 70 °C) due to the free electron pair of nitrogen and hydro-
gen of the hydroxyl group. In addition, when studying aminomethyl
derivatives of alkenylphenols by NMR spectroscopy up to the boiling
point of the solvent taken (CCl4), a slight shift in the signals of the OH
group protons is observed, which confirms the sufficient strength of
the intramolecular hydrogen bond.

In connection with the above, we made a new approach to
blocking the OH group of phenol to obtain monomeric and polymeric
heat and light stabilizers.

Taking into account the above and the presence of a strong in-
tramolecular hydrogen bond, stable up to 70 ° C in aminomethyl de-
rivatives of alkenylphenols, it was of interest to carry out the copoly-
merization of the latter with styrene in the presence of a low-tempera-
ture initiator (diniz). This is where the idea arose to use the possibility
of eliminating the inhibitory effect of phenolic hydroxyl on the course
of the process of radical copolymerization of aminomethylated deriv-
atives of alkenylphenols at relatively low temperatures (60 °C), due to
the presence of a strong intramolecular hydrogen bond in the latter,
stable up to 70 °C in the presence of low-temperature initiators - azo
compounds, in particular azobutyric acid dinitrile. The effect of tem-
perature (from 60 to 900 °C) on the yield of the copolymer was studied
at a phenolic monomer:styrene ratio of 1:2 (mol), initiator concentra-
tion of 0.2-1.0% (based on the monomer mixture) and reaction time
from 5 to 40 hours. The thermal stability and light-stabilizing proper-
ties of the synthesized copolymers were studied using differential ther-
mal analysis (DTA) and thermogravimetric analysis (TG). The im-
provement of the light-stabilizing properties in the copolymers of
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aminomethyl derivatives of alkenylphenols can be explained by the
presence of an aminomethyl substituent in the ortho-position relative
to the phenolic hydroxyl, where the intramolecular hydrogen bond in
the stabilizer monomer, preserved after copolymerization, leads to the
formation of a six-membered quasi-aromatic cycle with a benzene
ring. The latter, in turn, helps to slow down the aging of the copolymer
due to the rupture of the H-bond upon absorption of UV rays and the
subsequent restoration of the original structure:

CH, CH,

—CH-CH— CH,-CH— hy — CH-CH— CH,-CH—
o O | ol
SUNSP SUN

CH,

|
—CH-CH— CH,-CH—
% ©
SUNS

Thus, the obtained research results make it possible to use the
synthesized compounds (1 and 2) as high-polymer environmentally
friendly stabilizers, and aminomethyl derivatives of alkenylphenols -
as monomer stabilizers of industrial polymers.

The reaction of 2-propenylphenol with formaldehyde and me-
thylamine also was carried out at equimolar ratios of the initial rea-
gents according to Mannich at a temperature of 65-70 °C with the for-
mation of product 3 of the following structure:

OH OH

= CHy-NH-CH
\/\© © CH,0 + CHyNH, —> = 2 3
- H,0

3 (82%)
It is evident from the scheme that when carrying out the reac-
tion of 2-propenylphenol, formaldehyde and methylamine in equimo-
lar ratios, the reaction product is compound 3 (as expected) with a
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yield of 82%. The formation of compound 3 is confirmed by the pres-
ence of signals of OH- protons (6.26 ppm), NH-group (3.52 ppm).

The obtained aminomethyl derivatives (1-3) were used in fur-
ther studies as precursors. The operational properties of compound 3
were also investigated.

Synthesis of allyl- and propenyl-substituted 1,3-benzoxazines
We set the goal of synthesizing 1,3-benzoxazines based on 2-
allyl-, 2-propenyl- and 4-isopropenylphenols and studying the proper-
ties of the obtained products, previously not described in the scientific
and technical literature.
Condensation of 2-allylphenol with formaldehyde and primary
amines was carried out in the absence of a solvent according to the
following reaction scheme:

0-10°C
2H,C=0 + H,;N-R ————> (HOCH,),N-R

OH /\N’R

o)
(HOCH),N-R  + XX 90-95°C
253h

15-21 62-73%
R = CHj (15), n-C3H; (16), n-CgH43 (17), n-CgHy7 (18),
CeHs (19), CgHsCH, (20), Br-CgH,- (21)

As can be seen from the scheme, the reaction of formaldehyde
with primary amines occurs first at a low temperature range (0-10 °C).
In the case of bromoaniline, its reaction with formaldehyde was car-
ried out at a temperature of 25-30 °C due to its relatively low reactivity
at lower temperatures (0-10 °C).

As for the reactivity of the amines taken in the work in the
condensation reaction, in this case it is possible to draw a conclusion
based on the yields of the target products, as well as on the theoretical
foundations of the properties of amines. Based on the results of the
experimental data and yields, as well as judging by the rate of the
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reaction of formaldehyde with aliphatic amines, the activities of the
amines taken can be arranged in the following sequence:
methylamine > n-propylamine > n-hexylamine > n-octylamine.

In aromatic primary amines, on the contrary, the basicity of the
amines is relatively low and their activities in this case, judging by the
yields of 1,3-benzoxazines, can be represented as follows:

benzylamine > aniline > bromoaniline.

The structures of the synthesized compounds were studied by
IR and NMR spectroscopy.

It was found that the reaction of formaldehyde with primary
amines in most cases, even at room temperature, leads to the formation
of oligomeric and polymeric compounds. However, at the indicated
temperature, the intermediate product of the reaction is the corre-
sponding aminodicarbinol. The first stage of the reaction is carried out
for 0.5 h. Then 2-allylphenol is added dropwise to the reaction mass
and the reaction is carried out under the conditions shown in the
scheme.

When the synthesized compound 15 — 8-allyl-3-methyl-3,4-di-
hydro-2H-benzo[e][1,3]oxazine is heated to 180°C, the product under-
goes a thermal transformation with the opening of the oxazine ring,
resulting in polymerization due to the oxazine ring and the double
bond of the allyl group with the formation of polybenzoxazine 29 ac-
cording to the following reaction scheme:

X |
A N-CHz2 ™™
15 29

It is known that in the absence of a multiple bond in 1,3-benzoxazines,
linear polymers are obtained. However, in the presence of an 8-substi-
tuted multiple bond (in our case, an allyl group) in 1,3-benzoxazine, a
polybenzoxazine of a cross-linked structure is obtained (29). The re-
sulting cross-linked polybenzoxazine (29) was purified by repeatedly
washing it in dimethyl sulfoxide and dried under vacuum until a con-
stant weight was achieved. Comparing the IR spectrum of compound
15 with the spectrum of polybenzoxazine 29, it can be said that the
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region related to the multiple bond is changed, and in the latter case,
absorption bands of the OH group are also revealed, which confirms
the opening of the benzoxazine ring, as well as cross-linking at the
multiple bond. However, the remaining absorption bands can be said
to coincide. Thermal and sorption properties of the obtained polyben-
zoxazine 29 were studied. The results of thermal analysis confirm the
sufficient stability of polybenzoxazine (up to ~560 °C) 29. It was es-
tablished that the maximum degree of sorption is ~ 69% at pH 7.

The presence of a multiple bond in the structures of benzoxa-
zines should contribute to their higher reactivity, and therefore, prod-
ucts obtained on the basis of alkenyl-substituted phenols obviously
possess several useful properties at the same time. Therefore, in the
indicated direction for the synthesis of a new series of benzoxazines,
it is very expedient to carry out targeted reactions of phenols contain-
ing in the structures a multiple bond conjugated with an aromatic ring.

Therefore, for the first time the condensation reaction of 2-pro-
penylphenol with formaldehyde and primary amines was carried out
according to the following scheme:

0-10°C
2H,C=0 + H,N-R ————> (HOCH,),N-R

OH ~N-R

0
(HOCH,),N-R  + & _
253h

22-28 66-89%
R = CHj (22), n-C3H; (23), n-CgH13 (24), n-CgH47 (25),
CgHs (26), CgHsCH,, (27), Br-CgHy- (28)

As can be seen from the obtained data, the reaction products in
the case of 2-propenylphenol are obtained with comparatively high
yields (66-89%). This can be explained by the comparatively high re-
activity of the 2-propenylphenol molecule. As in the case of 2-al-
lylphenol, in this case the yields also vary depending on the amine
used. The maximum result (89%) can be achieved when using hexyl-
amine as the amine. Product 28, containing an N-bromophenyl-substi-
tuted substituent in the structure, is obtained with a comparatively low-
est yield (66%). It should be noted that the reaction of formaldehyde
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with methylamine, propylamine, hexylamine, octylamine, aniline and
benzylamine occurs very quickly. Therefore, in this case, the reaction
was carried out by cooling the initial reagents (formalin and the above
primary amines) to 10°C for 0.5 h.

It is also important to note that in the scientific and technical
literature, 1,3-benzoxazines obtained from phenols, substituted phe-
nols, bis-phenols, etc. are synthesized in a solvent medium, for exam-
ple, in a dioxane medium, which contributes to some difficulties in
purifying the target product. However, the 1,3-benzoxazines synthe-
sized by us based on 2-allyl- and 2-propenylphenols, due to the homo-
geneity of the initial reaction mixture, are carried out in the absence of
a solvent, which leads to relatively high yields of the target products.

It was found that under identical conditions of formation of
1,3-benzoxazines, i.e. when carrying out a reaction of 2-propenylphe-
nol with formaldehyde and methylamine at a ratio of 1:2:1 mol, re-
spectively, and a temperature of 90-95 °C, an oligomeric compound is
obtained - polybenzoxazine (30) of the following structure:

\

OH OH

CH»-N-CH
\/\© + 2CH,0 + CHsNH, Z 2 3
- H,O

! 30 85%

The comparatively high reactivity of methylamine in compar-
ison with other primary amines is also confirmed experimentally in its
reaction with formaldehyde at 0-10°C, where the reaction proceeds
with comparatively high exothermicity, as a result of which in this case
the yield of benzoxazines is low in comparison with previously ob-
tained results using other aliphatic and aromatic amines. Therefore, in
order to obtain 1,3-benzoxazine based on methylamine, the reaction
was carried out at a temperature of 70-75°C. In order to obtain a water-
soluble polymer based on the condensation product 30, it was treated
with HBr and the corresponding ammonium salt 70 was obtained ac-
cording to the following reaction scheme:
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\
\ 1

OH > OH

\/\©/CH2-N-CH3 HBr \/\©/CH2-J[\JH-CH3
Br

30 70 93%

The obtained water-soluble polymer was investigated as a cor-
rosion inhibitor for Ct. 3 steel in a water-salt hydrocarbon medium
saturated with hydrogen sulfide at 25°C for 5 hours. The process of
synthesis of 6-isopropenyl-substituted 1,3-benzoxazine (compound
31) was carried out by condensation of 4-isopropenylphenol with for-
maldehyde (37% of its aqueous solution - formalin) and benzylamine
at a temperature of 900°C, their ratio of 1:2:1 mol, respectively, and
for 3 hours according to the following scheme:

HN 90°C
+ 2CH,0 + \_@ -

The *H NMR spectrum of compound 31 clearly revealed sig-
nals of protons of the CH, groups of the 1,3-oxazine ring (4.02 and
4.97 ppm). The NMR spectrum of compound 31 also revealed signals
of protons of the multiple isopropenyl bond.

31 74%

Synthesis of products of the condensation reaction of
2-allylphenol with benzaldehyde and primary or secondary
amines

We also carried out for the first time the condensation reactions
of 2-allylphenol with benzaldehyde and primary or secondary amines
according to the Mannich reaction and studied the regularities of the
process of formation of the final products. The primary amines n-prop-
ylamine, n-hexylamine, n-octylamine, aniline, benzylamine, and the
secondary amines were diethylamine, diethanolamine, and morpho-
line were used. The triple condensation of 2-allylphenol with benzal-
dehyde and secondary amines (according to the Mannich reaction) was
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carried out at equimolar ratios of the reagents taken, a temperature of
80-85 °C, and a reaction time of 4 hours according to the following

scheme:
o ®
\ OH
GO

42'44
R 215 12), 2 I4 H (43), | z2 ;

The products obtained with yields of 66, 69 and 80%, respec-
tively, are highly viscous compounds of dark brown color. The reac-
tion of 2-allylphenol with benzaldehyde and primary amines was car-
ried out primarily by interaction of benzaldehyde and primary amine
at a temperature of 5-10 °C and stirring for 0.5 h with subsequent ad-
dition of calculated amounts of 2-allylphenol to the reaction medium.
Then the mixture was stirred for 3-3.5 h at 90-95 °C according to the
following reaction scheme:

e}
OH 7 o e
AN
\/\© \/\‘/k‘
+ 2 + RNH, —» O O

45-48
R = methylamin (45), n-propylamine (46), n-hexylamine (47), n-oktylamine (48).

o /0 NH, o HO>/©
el é U
J .

Based on the results of spectral analyses and schemes, it can
be said that the triple condensation reaction of 2-allylphenol with ben-
zaldehyde and primary aliphatic amines (propylamine, hexylamine
and octylamine) proceeds with the formation of 1,3-benzoxazine.
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However, under identical conditions, when using benzylamine, the re-
action in the direction of the formation of the 1,3-oxazine ring does
not proceed, which can presumably be explained by the steric factor.
The presence of a 1,3-benzoxazine ring in the case of aliphatic amines
is confirmed by the presence of signals of the protons of the CH groups
in the oxazine ring (5.28 and 5.9 ppm in the case of propylamine, 5.35
and 5.98 ppm in the case of hexylamine), as well as the absence of
signals of the OH group of 2-allylphenol. The shift of the singlets of
the protons of the CH groups to a weak field is apparently due to the
presence of substituted aromatics in the structure. In this case, the ar-
omatic ring is located close to the protons of the CH groups, and, ap-
parently, their deshielding occurs here.

Study of the thermal properties of synthesized alkenyl
substituted 1,3-benzoxazines and aminomethyl derivatives of
2-allylphenol

The thermal stability of the synthesized unsaturated 1,3-ben-
zoxazines and other Mannich bases was studied in a NETZSCH STA
449F3 device in an inert environment. The results of the analyses are
shown in Figure 1.

Tr /% OTA /(mkB/mr)

Muk: 249.9 °C, 4.899 MeB/mr 1 ak30
- 262 6 °C 3 MKBimr

100 [S
80
70

60

40

30

100 200 300 400 500 600 700
Temnepatypa /°C

Figure 1. Results of TG and DTA analysis of 8-allyl-3-propyl-3,4-
dihydro-2H-benzo[e][1,3]oxazine (16)
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As can be seen from the derivatogram, the process is exother-
mic due to the transformations occurring within the 1,3-benzoxazine
molecule. This state can be explained by the opening of the benzox-
azine ring and the formation of an oligomeric structure with its sub-
sequent transformation into high-molecular polybenzoxazine. Here,
the opening of the multiple allyl bond cannot be ruled out. Initially,
a sharp loss of mass (up to 47%) occurs from a temperature of 140
°C, then it stabilizes in the temperature range of 320-440 °C, and then
a 20% loss of mass of the sample occurs again.

Similar results are also observed in the case of compounds 16
and 17, which differ in structure only by the number of methylene
units. However, in the presence of an N-hexyl substituent in the mol-
ecule of allyl-substituted 1,3-benzoxazine, a comparatively high
thermal stability is observed. The presence of a comparatively long
alkyl substituent in compound 18 does not exert a special effect on
the change in the thermal stability of the product. Almost all thermo-
grams of the samples show an exothermic peak before the loss of
sample mass. In all studies, this indicates intramolecular addition.

In order to compare the thermal properties of the triple con-
densation products - 8-alkenyl-substituted 1,3-benzoxazines (com-
pounds 16-19, 23-25, 27), comparative studies of the condensation
products of 2-allylphenol with benzaldehyde (instead of formalde-
hyde) and amines (compounds 42, 44, 45) were carried out. Based on
the results of the thermal studies, it can be concluded that 1,3-ben-
zoxazines and other synthesized Mannich bases are sufficiently sta-
ble, which allows them to be used at higher temperatures as corrosion
inhibitors, bactericides, viscosity-temperature additives to petroleum
products, etc. It has been shown that among the compounds studied,
compounds with an additional aromatic ring, i.e. compounds ob-
tained on the basis of 2-allylphenol, benzaldehyde and amines, have
comparatively high thermal properties.

Preparation of 8-allyl- and 8-propenyl-substituted
1,3-benzoxazinium bromides and hydrobromides of
aminomethyl derivatives of 2-allyl- and 2-propenylphenols

In order to compare the performance properties of the com-
pounds we obtained, ammonium compounds 53-70 were also
22



synthesized on their basis and their anticorrosive and bactericidal
properties were studied in comparison with the initial products.

Ammonium salts were obtained by the interaction of the syn-
thesized allyl and propenyl-substituted 1,3-benzoxazines, as well as
Mannich bases, with hydrogen bromide at room temperature for 0.5 h
according to the following schemes:

PN H_-Ri
0 N O/\N/

R R Br
+ HBr —
53-66

R = CH,-CH=CH,: R, = CHj; (53), C3H; (54), C¢H,; (55), CgH 7 (56), C¢Hs (57),
CH,-C4H, (58), C4H,-Br (59);

R = CH=CH-CHj: R, = CHj; (60), C3H; (61), C4H, 5 (62), CgH, (63), C4Hs (64),
CH,-C¢H, (65), CgH,-Br (66)

%
OH I—TN\)
Br

5
OH N \)
R R
+ HBr ——
67, 68

R = CH,-CH=CH, (67), CH=CH-CHj (68)

// -
\/\©) + HBr —= 72 Br
69

According to the characteristics of the synthesized ammonium
salts, their yields are high and amount to 69-94%. The highest yields
(88-94%) are possessed by compounds containing propenyl, hexyl,
benzyl and bromophenyl substituents in the structures. All synthesized
ammonium salts are solid powder or crystalline compounds of white,
yellow, light green, orange, light brown colors, well soluble in water,
alcohols, chloroform, dimethyl sulfoxide. In the *H NMR spectra of
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ammonium compounds, signals of NH-group protons are clearly re-
vealed within 4.0 ppm. In the IR spectra of ammonium compounds, in
comparison with the initial 1,3-benzoxazines, as well as aminomethyl
derivatives, stretching vibrations of the absorption band of the NH
group, as well as absorption bands of Br ions are revealed.

Triple condensation of 2-allylphenol with formaldehyde and
ethylenediamine and transformations of reaction products

To compare the properties and structure of the obtained prod-
ucts, we carried out a triple condensation of 2-allylphenol, formalde-
hyde and ethylenediamine in two ratios: 1) 1:2:0.5 (mol) (under the
conditions for obtaining benzoxazine - 1,2-bis(8-allyl-2H-benzo
[e][1,3]oxazin-3(4H)-yl)ethane (32) and 2) 0.5:4:1 (mol) (to obtain ol-
igomer 33), respectively.

It was found that with a molar ratio of 2-allylphenol, formal-
dehyde and ethylenediamine of 1:2:0.5 (mol), benzoxazine 32 is ob-
tained with a yield of 63%, and with a ratio of 0.5:4:1, co-oligomer 33
is obtained with a yield of 92% according to the following scheme:

N
yZ
\/\© +4 CH,0 * HyNCH,CHyNH, —»\/\©) K©/\/

32 63%

OH OH

s
N N N-CH,-CH,-N
+ CH2O + HzNCHzCHzNHZ — —

33 92%

The study of the structure of the synthesized benzoxazine - 1,2-
bis(8-allyl-2H-benzo[e][1,3]oxazin-3(4H)-yl)ethane (32) by NMR
and IR spectroscopy showed that 1,3-benzoxazine fragments are
formed. Heating of benzoxazine 32 to 180 °C experimentally led to
the formation of product 32a according to the scheme:
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H. H
O 'N-CH,-CHy-N ©»
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o~ 18056 32
0" ON">—N"0 a 2 .
N = —
o
CH,=CH-CN o N-CH,-CH,-N
32

SR . ~—
HMHHIHAATOP -

¢Hz
NC*C‘)H

(EHZ 34
-—CH \NaOH

CN

JH-.
0" ""N-CH,-CH,-N

CH, 35

As can be seen from the scheme, in the self-structuring product
(32a), in comparison with the initial benzoxazine 32, an absorption
band of the OH group is revealed, a multiple bond (1638 cm™, 994 cm
1y is preserved, and a hydrogen bond is formed, which is confirmed by
the IR spectral data by a wide absorption band (3400 cm™).

The structure of compound 32 was also modified with acrylo-
nitrile in the presence of an initiator and the hydrolysis of the resulting
product 34 with sodium hydroxide was carried out to obtain polymer
35, which contains carboxyl groups in the structure. When compound
32 is structured with acrylonitrile (34), an absorption band of the ni-
trile group (2240 cm™?) appears in the IR spectrum.

The thermal properties of the hydrolysis product (35) were
studied by the derivatographic method. As can be seen from the results
of thermal studies (Fig. 2), the initial temperature of mass loss of
polybenzoxazine 35 begins at ~410°C.
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Figure 2. Results of thermogravimetric and differential thermal
analysis of cross-linked copolymer 35
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The effect of pH of the medium on the degree of sorption of
uranyl ions and on the sorption capacity of the 35 modifier was studied
under statistical conditions (temperature 25°C, initial concentration of
uranyl ions in water 134.5 mg/l, holding time 24 h).
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Figure 3. Dependence of the degree of sorption (R) of uranyl ions
and the sorption capacity (q) of the sorbent (35) on the pH of the
solution
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Sorption studies were carried out at the National Center for
Nuclear Research under the Ministry of Digital Development and
Transport. From Figure 3 it is evident that a high degree of extraction
of uranyl ions (R) from the aqueous medium (92.6%) is achieved at
pH 7. In this case, the sorption capacity (q) is ~207.5 mg/g.

The sorption capacity of polybenzoxazine 35 is confirmed by
IR spectra before and after sorption. A clear change and shift of the
signals of the carbonyl (1776 cm™) and OH groups is observed in the
spectrum.

The effect of the duration of sorption of polybenzoxazine 35
on the degree of sorption of uranyl ions was studied. Maximum sorp-
tion of uranyl ions is achieved in 1440 min (24 h). The degree of sorp-
tion in this case is 92.6%, q ~ 207.5 mg/g.

Table 1
Results of studies on the extraction of microelements from oil
formation waters A and B by sorbent 35

Microelements | Sorption degree of mi- | Sorption degree of microele-
in oil for- croelements from oil | ments from oil formation water
mation water formation water A, % B, %
K 96.6 ~99.9
Na ~100 ~100
Ca 99.0 ~99.2
Ba 97.6 96.5
Zn 100 ~100
Cd - 94.6
Cu 100 100
Hg 99.7 100
Fe 95.5 96.0
Cr 100 100
Mn 100 100
As 100 98.9
Se 99.0 99.1
Ni - 90.0
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It should be noted that when studying the sorption properties
of polybenzoxazine 34, which contains a nitrile group in its structure,
the degree of extraction of uranyl ions at pH = 7 is 69.4%, q ~ 156.8
mg / g. Comparatively low sorption properties can be explained by the
absence of a carboxyl group in copolymer 34, which confirms the im-
portance of the hydrolysis process of the nitrile group.

Studies were also conducted to extract microelements from oil
field waters of two fields (A and B): Lokbatan (Karadag district) (well
260) (A) and Bibieybat (Sabail district) (well 748) (B). First of all,
microelements were determined by a quantitative flame ionization
method using an ICP MS 7700e apparatus manufactured by Agilent,
USA. As can be seen from the results of comparative studies (Table
1), the structure of the modified oligomer used as a sorbent has a sig-
nificant effect on the process of extracting microelements from the
formation water environment. As can be seen from Table 1, 100%
sorption is achieved in formation water A for Na, Zn, Cu, Hg, Cr, Mn
and As. For K, Ca, Ba, Fe and Se, the degree of sorption by sorbent 35
is slightly lower than 100% (96.6-99.7%). Similar results were
achieved in the case of oil reservoir B.

Synthesis, transformation and study of co-oligomer 33 based on
2-allylphenol, formaldehyde and ethylenediamine

The results of the IR spectra analysis showed that despite the
amount of formaldehyde taken in sufficient quantity (4 mol), co-oli-
gomer 33 is formed of a linear structure, i.e. electrophilic substitution
in this case is carried out mainly in the ortho-position of 2-allylphenol,
based on the presence of absorption bands of deformation vibrations
of the C-H tri-substituted aromatic ring in the IR spectrum (749 cm™).

The molecular weight of co-oligomer 33 was determined by
chromatography.

In order to confirm the results of thermal studies of co-oligo-
mer 33, self-structuring was carried out at a temperature of 280 ° C
according to the following scheme:
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Figure 4. Dependence of the degree of sorption (R) of uranyl ions

and the sorption capacity (q) of sorbent 37 on the pH of the solu-
tion
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As can be seen from the scheme, the obtained product 33a does
not contain a multiple bond. The absence of a multiple bond is con-
firmed by the IR spectra. As shown in the above scheme, the modifi-
cation of co-oligomer 33 with acrylonitrile was carried out in the pres-
ence of 2% initiator (based on the sum of the taken amounts of co-
oligomer and acrylonitrile) - benzoyl peroxide (BPO), at 80°C, for 10
hours. The cross-linked polymer 36 obtained with a yield of 94% is
insoluble and yellow. Hydrolysis of the acrylonitrile-structured co-ol-
igomer (36) was carried out in the presence of a 10% aqueous solution
of sodium hydroxide by boiling for 10 h. It can be seen from Figure 4
that a high degree of extraction of uranyl ions (R) from an aqueous
medium (90.8%) is achieved at pH 7. In this case, the sorption capacity
(g) is ~204 mg/qg.

The sorption properties of sorbent 37 are also confirmed by the
results of IR spectra (Figure 5), EDX (Figure 6) and scanning electron
microscopy (SEM) (Figure 7). As can be seen from Figures 6 and 7,
the elemental composition of polymer 37, as well as the sorbed uranyl
ions, are clearly revealed. The data obtained once again confirm the
implementation of the uranium sorption process by polymer 37. In ad-
dition, Figure 7 1-4 shows a uniform distribution of the sorbent 37
granule after the sorption of uranyl ions, where the uranium signals are
clearly revealed (Figure 7-4). Based on the results, a conclusion was
made about the sorption process occurring both on the surface and in
the volume (in granules) of sorbent 37.
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Figure 5. IR spectrum of copolymer 37 after sorption
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Figure 6. EDX spectrum of the sorbent 37

Figure 7. SEM images of a sample of modified oligomer 37 after
sorption: 1 - image of a sample of polymer 37 under a micro-
scope, 2 - presence of carbon in sample 37, 3 - presence of oxygen
in 37, 4 - presence of uranium in 37

To study the possibility of regenerating sorbent 37, desorption
of bound uranyl ions (100 mg/g) with solutions of nitric and hydro-
chloric acids was studied. It was found that as the concentration of
both acids increases, the desorption of uranium from the sorbent in-
creases. Maximum desorption occurs at a concentration of mineral ac-
ids equal to 0.5 M. It was found that during desorption of uranyl ions
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with nitric acid, the degree of desorption is 90.3%, and during desorp-
tion with hydrochloric acid - 91.2%.

For comparison, sorption studies were also conducted on a co-
oligomer based on 4-isopropenylphenol and maleic anhydride struc-
tured with ethylenediamine and formaldehyde, and its effectiveness
with respect to uranyl ions and heavy metals was revealed.

Thus, the oligomers obtained on the basis of 2-allyl and 4-iso-
propenylphenol, polybenzoxazines and their modified derivatives
have sufficiently high thermal stability, and the modified derivatives
have sufficiently high sorption properties for trapping uranyl ions from
aqueous systems, as well as for extracting heavy metals from oil for-
mation waters of Azerbaijan fields.

Synthesis of propargyl derivatives of 2-allyl-, 2-propenyl-, 4-
isopropenylphenols and alkenyl-substituted 1,3-benzoxazines

In order to synthesize propargyl derivatives of allyl- and pro-
penylphenylphenols, as well as alkenyl-substituted 1,3-benzoxazines,
reactions of propargyl bromide with the above compounds were car-
ried out in order to compare and identify their inhibitory, biocidal and
other properties.

The production of propargyl ethers of alkenylphenols of the
following structures was carried out by reaction with propargyl bro-
mide at a temperature of 80-85 °C, for 4 hours in the presence of an
alcoholic (isopropyl alcohol) solution of KOH in an isopropyl alcohol

medium;
R

o R = -CH=CH-CH3, R,=H (71)

R = -CH=CH-CH,, R,=CH; (72)
R= -CHz-CH:CHz, RIZH (73)
R N\ R =-CH,-CH=CH,, R,=CHj (74)
7175 R = H, R, = CHy-G=CH, (75)

The products obtained in yields of 84-96% are viscous com-
pounds from dark yellow to dark brown in color. Comparatively high
yields are obtained for the compounds in the case of propargyl ethers
of alkenylphenols themselves.

From the *H NMR spectra of compounds 71-75, signals of
CH= protons at 2.34-2.8 ppm in the form of triplets, signals of CH>
protons in the form of singlets at 3.9-4.87 ppm are clearly revealed.
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The values of the signals change depending on their structure. These
signals confirm the formation of propargyl ethers of alkenylphenols
and their derivatives. The synthesis of water-soluble ammonium salts
(76-83) was carried out in a benzene medium at a temperature of 45-
50°C for 3 hours at a molar ratio of substrate: propargyl bromide (or
allyl bromide) of 1:1.2 according to the following schemes:

O/\N/R1 O/\+ /R1
\/\
R R
Br\/\ Brr
T

76-81 58-74%
R= -CH2-CH:CH2, Rl = C3H7 (76), R = -CHz-CH:CHz, Rl = C()HB (77),

R= -CHz-CH:CHz, R] = C6H5 (78), R= -CH2-CH=CH2, Rl = -CHz-C6H4 (79),
R= -CHz-CH:CHz, Rl = C6H4-Br (80), R = -CH:CH-CH3, Rl = C6H5 (81)

CgH CgH

O/\N/817 O/\K‘/sﬂ
\/\

B
/ r\/\ / Br
82 57%
OH

7z N o
|\__/ Br-
__CH,Br CH,-C=CH

P OH HW 83 80%
N (6]
\__/ CH,-,
27CH. OH
2 Ch,p
e /\
/ +
N [e]
|\__/ Br-
CH,-CH=CH,
84 75%

The maximum yield can be achieved by using the morpho-
linomethyl derivative of 2-propenylphenol (comp. 2) as a substrate,
where the yields of compounds 83 and 84 are 80 and 75%, respec-
tively.

Spectral data have proven that the 1,3-oxazine ring is preserved
when obtaining propargyl and allylated salts. For example, in
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compound 81, singlets of protons of the CH> groups in the oxazine
ring are clearly detected at 4.6 and 5.4 ppm. In the synthesized com-
pounds, protons of the propargyl and allyl fragments are also clearly
detected. Thus, we have obtained esters and water-soluble ammonium
salts based on alkenylphenols and their derivatives of various struc-
tures, as well as allyl- and propenyl-substituted 1,3-benzoxazines and
morpholinomethyl derivative of 2-propenylphenol, containing in their
structures simultaneously fragments with C=C and C=C bonds and
other functional groups. The ways of practical application of the syn-
thesized multifunctional compounds have been studied and a correla-
tion of their operational properties depending on their structure has
been given.

Study of 2-allyl- and 2-propenylphenol derivatives,
1,3-benzoxazines as corrosion inhibitors in aqueous, salt and
hydrocarbon environments saturated with hydrogen sulfide

In order to identify the anticorrosive properties of the synthe-
sized heteroatom-containing functionally substituted compounds, sys-
tematic studies of their inhibitory properties of the synthesized com-
pounds in water-salt hydrocarbon systems in the presence of various
acids (H2SOs4, H2S, etc.) were carried out and a correlation was estab-
lished between the anticorrosive properties and the structure of the
compounds under study.

Anticorrosion studies were carried out in an aqueous-salt ker-
osene-containing environment saturated with hydrogen sulfide, in a
sulfuric acid solution, as well as in formation water saturated with hy-
drogen sulfide and carbon dioxide, and a conclusion was made about
the properties of the studied products depending on their structures,
concentrations, and conditions of corrosion tests. Corrosion testing of
synthesized ammonium salts (64, 65, 82, 83) in their concentrations of
50 and 100 mg/I was carried out in a medium of 3% NaCl and kerosene
(with a ratio of aqueous solution and kerosene of 9:1 vol.), saturated
with hydrogen sulfide. As can be seen from Table 2, the studied am-
monium salts 67, 68, 83, 84 have an anticorrosive effect in a water-
salt, kerosene-containing medium saturated with hydrogen sulfide.
From the results it is evident that the highest inhibitory activity is
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possessed by compounds containing in the structures, in addition to
the propenyl substituent in the aromatic ring, also fragments with an
allyl and propargyl substituent at the nitrogen atom of the morpho-
linomethyl group. It was revealed that the specified compounds (83
and 84) at their concentration of 50 and 100 mg/L have a degree of
protection against corrosion of 89.3 and 91.9% in the case of a com-
pound with an allyl fragment (83), 93.4 and 96.9% - with a propargyl
substituent (84), respectively.

Table 2

Results of anticorrosive studies of ammonium salts in a water-
salt-hydrocarbon medium saturated with hydrogen sulfide.
Conditions: temperature 25 ° C, time 5 hours

Compound Consen- Corrosion rate, Protection
tration, g/m2hour degree, %
mg/L
4-(3-Allyl-2-hydroxyben- 50 1.3631 69.3
zyl)morpholine-4-ium bromide 100 1.1366 74.4
(67)
(E)-4-(2-Hydroxy-3-(prop-1- 50 1.1722 73.6
en-1-yl)benzyl)morpholin-4- 100 0.5949 86.6
ium bromide (68)
(E)-4-(2-Hydroxy-3-(prop-1- 50 0.4751 89.3
en-1-yl)benzyl)-4-(prop-1-en-1- 100 0.3596 91.9
yh)morpholin-4-ium bromide
(83)
(E)-4-(2-Hydroxy-3-(prop-1- 50 0.2931 93.4
en-1-ylbenzyl)-4-(prop-1-in-1- 100 0.1376 96.9
yl)morpholine-4-ium bromide
(84)
Without inhibitor - 4.44 -

It is also evident from Table 2 that ammonium salts based on
the morpholinomethyl derivative of 2-allyl- (67) and 2-propenylphe-
nols (68) also have an inhibitory effect. Compounds 67 and 68 in iden-
tical concentrations have a degree of protection of 69.3 and 74.4% for
67, 73.6 and 86.6% for 68, respectively. Based on the results of the
studies, the compounds can be arranged in the following sequence ac-
cording to their inhibitory activity: 84>83>68>67. The presence of
multiple bond fragments, N-substituted functional substituents, qua-
ternary ammonium groups and Br-anions in the structures of
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compounds 16-21 and 54-59 allows them to be considered as potential
corrosion inhibitors, biocides in oil production, etc.

Table 3 shows that the studied 1,3-benzoxazines 16-21 in con-
centrations of 50, 100 and 150 mg/L have inhibitory properties. Com-
pounds 57-59 with an aromatic substituent have the highest inhibitory
activity, where at a concentration of 150 mg/L the maximum degree
of protection is 94%). Among them, the compound with a bromo-
phenyl substituent (21) has the highest degree of protection. Among
1,3-benzoxazines with alkyl substituents, compound 18, which con-
tains an octyl substituent in its structure (at a concentration of 150
mg/L, the degree of protection is 82.8%), has the highest degree of
protection.

In order to identify the effect of a multiple allyl bond on the
anticorrosive properties of the studied compounds 16-21, 1,3-benzox-
azine was synthesized by an identical method based on phenol, for-
maldehyde and aniline, which was studied as an inhibitor of hydrogen
sulfide corrosion of steel at a concentration of 150 mg/L. It was shown
that the studied compound without an allyl substituent at a concentra-
tion of 150 mg/L has an inhibitory effect of 50.3%.

The obtained research results allow us to emphasize the im-
portance of the allyl fragment in the 1,3-benzoxazine molecule in an-
ticorrosive studies. The presence of electron density in the allyl frag-
ment apparently results in additional adsorption on the metal surface.

Taking into account the high inhibitory properties of the syn-
thesized 1,3-benzoxazines with an aromatic substituent (19-21), the
goal was to study their anticorrosive properties at a relatively low con-
centration (50 mg/L) (Table 3). It was revealed that the studied com-
pounds 19-21 at the specified concentration have a degree of protec-
tion of 65, 81 and 88%, respectively.

Thus, when replacing the N-alkyl substituent with an N-aro-
matic substituent in allyl substituted 1,3-benzoxazines, the increase in
inhibitory properties is explained by the additional content of the =
system in the molecule, due to which adsorption on the metal surface
occurs.

In continuation of the studies, ammonium salts were obtained
based on allyl substituted 1,3-benzoxazines, which are of great interest
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from both a practical and theoretical point of view. As can be seen
from Table 4, when passing from 1,3-benzoxazines 16-21 to their am-
monium salts 54-59, an increase in the inhibitory activity of the stud-
ied compounds is observed.
Table 3
Results of anticorrosion studies of compounds 16-21 in a water-
salt-hydrocarbon medium saturated with H2S

Ne Compounds Con- | K, Z, %
sen- | g/m?h
tra-
tion,
mg/L
16 0" N-CH,-CH,-CHj 100 2.1720 | 51.3
\/\ij) 150 | 1.9802 | 55.6
17 O N=CHy-CHy-CHy-CH,-CHy-CH, 100 1.6368 | 63.3
\V\é) 150 | 0.8940 | 79.9
18 0" N=CH,-CHy-CHy-CHy-CHy-CH,-CHy-CH5 | 100 1.5119 | 66.1
\/\Cj) 150 | 0.7651 | 828
19 o™ 50 1.5592 | 65.0
@ 100 0.7209 | 83.8
150 0.3897 | 91.3
20 J@ 50 0.8295 | 81.4
o™ 100 0.4906 | 89.0
150 0.3129 | 93.0
21

@ 50 0.5352 | 88.0
100 0.4460 | 90.0

150 0.2480 | 94.4

gécé

150 2.2166 |50.3

b
O

Without inhibitor 4.46

To confirm the results of the conducted anticorrosion studies,
as well as the sorption capacity of the studied compounds on the
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surface of steel St.3, analyzes were carried out using elemental analy-
sis, scanning electron microscopy (SEM) and EDX on the surface of
steel St.3 before and after corrosion.
Table 4.
Results of anticorrosion tests of compounds 54-59 in a water-salt-
hydrocarbon (kerosene) environment saturated with hydrogen

sulfide
Compound Cons., | K, Z,%
mg/L | g/m?h
51 H 50 1.6234 |63.6
O N*CH;-CH-CHs 100 | 1.2934 |71.0
\/\@) Br
52 o™ o * CH,-CHy-CHy-CHy-CH,-CH 50 1.3826 169.0
\v\ij) o L mmEE 100 | 0.8920 |(80.0
53 n 50 1.6769 |62.4

O/\N+CHZ—CH2—CH2—CH2—CH2—CH2—CH2—CH3 100 0.7804 |82.5

cé

54 R, 50 | 0.6289 |85.9
v\@)@ 100 | 0.2944 |93.4
55 50 | 0.4460 [90.0
N 100 | 0.2007 |95.5

56

. 50 | 03523 [92.1
@ 100 | 0.1383 |96.9

Without inhibitor — 4.46 —

céaé

As can be seen from the results of the analysis of steel plates
after corrosion (Table 5 and Figures 8 and 9), almost the complete el-
emental composition of the plates is revealed, as well as the sorbed
substance (21) on its surface. From Table 5 it is clear that all elements
of the adsorbed substance on the surface of steel St.3 are revealed. The
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results (Table 5) also show that in the absence of compound 21, the
same absence of nitrogen and a relatively small amount of carbon and
oxygen are observed.

As can be seen from the SEM results (Figure 9), in the absence
of inhibitor 21 (A), a corrosion process is observed on the surface of
the steel plate St.3, where a change in the smooth surface of the sample
occurs after corrosion and cracks are formed. However, in the presence
of compound 21, obvious adsorption is detected on the steel surface.
The data obtained once again confirm the inhibitory effect of com-
pound 21.

The surface of the steel plate after the corrosion process in the
presence of compound 59 was analyzed in a similar manner. The re-
sults of the analysis are shown in the SEM image (Figure 10) and EDX
(Figure 11).

Table 5

Elemental composition of the surface of steel St.3 after corrosion
in the absence and presence of compound 21

Ele- Weight,| Atomic| Ele- Weight, | Atomic, %

ment % |, % ment %
In the absent of com- | In the presence of compound 21
pound 21

CK 41.63 71.07
CK 15.77 |4554 |NK 1.92 2.81
N K 0.00 0.00 OK 5.84 7.49
OK 1.39 3.01 SiK 0.13 0.09

Mn K |[0.46 0.29 MnK ]0.27 0.10
FeK [82.38 [51.16 |FeK 48.61 18.44

Br K 1.60 1.28
Total | 100.00 Total 100.00

The obtained data once again confirm the anti-corrosion prop-
erties of the synthesized compounds, as well as their adsorption prop-
erties on the surface of the steel plate.
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4

Figure 8. EDX of the plate surface after corrosion in the absence
A) and p resence B) of compound 21

Figure 9. SEM |mages of the surface of a steel plate before
(A) and after (B) corrosion in the presence of compound 21

Condensation products of 2-propenylphenol, formaldehyde
and methylamine in concentrations 50 and 100 mg/L were studied as
inhibitors of corrosion of St.3 steel in a water-salt hydrocarbon me-

dium saturated with hydrogen sulfide at a temperature of 25°C and a
time of 5 h.
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Figure 10. SEM images of the surface of the steel plate after cor-
rosion in the presence of compound 59

As can be seen from the results (Figures 10 and 11), in the cor-
rosion process in the presence of compound 59, obvious adsorption
occurs on the surface of the steel plate St.3.

CyMMapHbiit cnexTp

Monnas wkana 29762 umn. Kypcop: 0.000 k3B

Figure 11. EDX of the plate surface after corrosion in the pres-
ence of compound 59

It was established that the studied 1,3-benzoxazines (22,60),
aminomethyl derivatives (3,69) and ammonium salt of polybenzoxa-
zine (70) have inhibitory properties in concentrations of 50 and 100
mg/L. Compounds 60, 69 and 70 have the maximum inhibitory activ-
ity. This is probably due to their good solubility in water, as well as
the presence of an ammonium fragment, as well as a bromine anion.
This is probably also due to their high chemisorption properties on the
surface of steel St.3.
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Tables 6 and 7 present the results of anticorrosive tests of func-
tionally substituted derivatives of allyl and propenylphenols contain-
ing fragments with C=C and -C=C bonds in their structures (com-
pounds 71-75).

As can be seen from the results of anticorrosive tests (Tables 6
and 7), all compounds that we studied have protective properties with
respect to unalloyed steel St.3 in model aqueous systems containing
3% NacCl, various hydrocarbons (kerosene) and hydrogen sulfide (500
mg/L). In the structures of these compounds, substituents with mobile
n-electrons (C=C and C=C) are present in the aromatic ring (Table 6).

Table 6
Results of anticorrosive tests of compounds 71-75 in a water-salt
kerosene-containing medium saturated with hydrogen sulfide

®opMyna coeIMHEHNs Con- 25°C 40°C
sentra- | Corrosion| Protec- [Corrosion| Protec-
tion, | rate, tion de-rate, tion de-

mg/L | g/m?hour | gree, % g/m?hour | gree, %

(E)-1-(Prop-1-en-1-yl)-2-(prop- | 50 0.6467 |85.5 1.014 80.0
2-in-1-yloxy)benzene (71) 100 | 0.5352 |88.0 0.8467 | 83.3

(E)-4-Methyl-2-(prop-1-en-1- 50 0.7983 |[82.1 1.3486 | 73.4
yl)-2-(prop-2-in-1-yloxy)ben- 100 | 0.6021 |86.5 0.9937 |80.4
zene (72)

1-Allyl-2-(prop-2-in-1- 50 0.8831 |[80.2 1.4703 | 71.0
yloxy)benzene (73) 100 | 0.6868 |84.6 1.0495 | 79.3
1-Allyl-2-(prop-2-in-1- 50 0.9812 |78.0 1.5717 | 69.0
yloxy)benzene (74) 100 | 0.8028 |82.0 1.2574 | 75.2
1-(Prop-1-en-2-yl)-4-(prop-2- 50 0.5352 |88.0 0.9177 |81.9
in-1-yloxy)benzene (75) 100 | 04371 |90.2 0.6946 | 86.3
(Prop-2-in-1-yloxy)benzene (for | 50 1.2666 | 68.2 2.8189 44.4
comparing) 100 |1.4183 |71.6 2.0787 |59.0
Without inhibitor 4.46 - 5.07 -

To identify the inhibitory effect of the double and triple bond,
corrosion studies were carried out under identical conditions and concen-
trations in the presence of propargyl ether of phenol, a compound ob-
tained using an identical method for comparing anticorrosive properties.
It was found that in the absence of an alkenyl substituent, the inhibitory
property sharply decreases to 71% at a concentration of 100 mg/L. For
comparative studies of the anticorrosive activity of compounds 71-75,
tests were carried out under identical conditions for compounds 76-82 —
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quaternary ammonium salts, i.e. propargylated derivatives of 1,3-benzox-
azines at a concentration of 50 mg/L. The results of the studies are given
in Table 7.
Table 7

Results of anticorrosion tests of compounds 76-82 in a water-salt,

kerosene-containing environment saturated with hydrogen sul-

fide

CoenuHenue Consen- | Corro- | Protection
tration, | sion rate, degree, %
mg/L | g/m*hour
8-Allyl-3-(prop-2-in-1-yl)-3-propyl-3,4- 50 0.6958 84.4
dihydro-2H-benzo[e][1,3]oxazine-3-ium
bromide (76)
8-Allyl-3-hexyl-3-(prop-2-in-1-y1)-3,4-di- | 50 0.4460 90,0
hydro-2H-benzol[e][1,3]oxazin-3-ium bro-
mide (77)
8-Allyl-3-phenyl-3-(prop-2-in-1-yl)-3,4- 50 0.8028 82,4
dihydro-2H-benzo[e][1,3]oxazin-3-ium
bromide (78)
8-Allyl-3-benzyl-3-(prop-2-in-1-yl)-3,4- 50 0.4192 90,6
dihydro-2H-benzo[e][1,3]oxazin-3-ium
bromide (79)
8-Allyl-3-(4-bromophenyl)-3-(prop-2-in- 50 0.2364 97,6
1-y)-3,4-dihydro-2H-benzo[e][1,3]oxa-
zin-3-ium bromide (80)
(E)-3-Phenyl-8-(prop-1-en-1-yl)-3-(prop- 50 0.6422 85,6
2-in-1-yl)-3,4-dihydro-2H-
benzo[e][1,3]oxazin-3-ium bromide (81)
(E)-3-Octyl-8-(prop-1-en-1-yl)-3-(prop-2- 50 0.3568 92,0
in-1-yl)-3,4-dihydro-2H-benzo[e][1,3]ox-
azin-3-ium bromide (82)
be3 marnOuTOpa - 4,46 -

As can be seen from the results of the studies, all synthesized
ammonium compounds 76-82, containing in the structures in addition
to 1,3-benzoxazine and alkenyl fragments also an N-propargy! substit-
uent and a bromine anion, have good anticorrosive properties in an
aggressive hydrogen sulfide aqueous-salt medium containing kero-
sene. The positive results obtained can be explained by the presence
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of double (C=C) and triple (C=C) bonds, quaternary nitrogen, a bro-
mine anion, and an aromatic ring in their structures.

It was found that ammonium salts with N-benzyl (79, 90.6%),
N-bromopheny! (80, 97.5%), N-hexyl (77, 90%) and N-octyl (82,
92%) substituents have the highest degrees of protection. As can be
seen, among them the highest value of the degree of protection was
found for compound 80 with an N-bromopheny! substituent (97.6%),
which can be explained by the additional presence of a bromine atom
in the N-bromophenyl fragment.

In addition, the detection of relatively high anticorrosive prop-
erties in low concentrations (50 mg/l) in compounds 76-82 once again
confirms the importance of the presence of the propargyl fragment.

The reliability of the results obtained is also confirmed by ele-
mental analysis, EDX and SEM of the plate surface after corrosion.

Study of anticorrosive properties of synthesized ammonium
compounds based on 1,3-benzoxazines and 2-propenylphenol
derivatives in oil formation water

At the Oil and Gas Research and Design Institute at SOCAR,
corrosion studies were conducted on water-soluble ammonium salts at
a concentration of 200 mg/dm?® (200 mg/L) in formation water satu-
rated with hydrogen sulfide and carbon dioxide. The tests were carried
out at room temperature and for 24 hours on steel St.20.

It was found that for 24 hours test the compounds exhibited a
protection level of 59.0-96.8% depending on the nature of the com-
pounds (Table 8).

Among the benzoxazinium compounds, the highest protection
level (more than 90%) was exhibited by compounds with N-phenyl
(64), N-benzyl (65) and propenyl substituents, where their protection
level was 92.8 and 94.5%, respectively. In the presence of N-alkyl
substituents (propyl, hexyl and octyl) in propenyl-substituted 1,3-ben-
zoxazinium bromides, the protection level was comparatively low
(59.0-89.6%). In this case, the compound with the N-hexyl substituent
exhibited comparatively high anticorrosive properties (89.6%).
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mation water

Table 8
Results of anticorrosion studies of ammonium salts in oil for-

(prop-2-in-1-yl)morpholin-4-ium bromide (84)

Compounds Weight Corrosion Protec-
loss, |rate, tion de-
g g/m?hour [gree, %
Without inhibitor 0.1826 |1.3585 |-
8-Allyl-3-propyl-3,4-dihydro-2H-benzo[e][1,3]Joxa- | 0.0771 | 0.4280 | 68.5
zin-3-ium bromide (54)
8-Allyl-3-hexyl-3,4-dihydro-2H-benzo[e][1,3]Joxa- | 0.0758 | 0.4211 | 69.0
zin-3-ium bromide (55)
8-Allyl-3-octyl-3,4-dihydro-2H-benzo[e][1,3]oxa- 0.0734 | 0.4076 | 70.0
zin-3-ium bromide (56)
88-Allyl-3-phenyl-3,4-dihydro-2H-benzo[e][1,3]ox- | 0.0632 | 0.4702 65.4
azin-3-ium bromide (57)
8-Allyl-3-benzyl-3,4-dihydro-2H-benzo[e][1,3]oxa- | 0.0636 | 0.3532 | 74.6
zin-3-ium bromide (58)
8-Allyl-3-(4-bromophenyl)-3,4-dihydro-2H- 0.0384 | 0.2133 | 84.3
benzo[e][1,3]oxazin-3-ium bromide (59)
(E)-8-(prop-1-en-1-yl)-3-propyl-3,4-dihydro-2H- 0.0444 | 0.3301 75.7
benzo[e][1,3]oxazin-3-ium bromide (61)
(E)-3-hexyl-8-(prop-1-en-1-yl)-3,4-dihydro-2H- 0.0190 | 0.1412 | 89.6
benzo[e][1,3]oxazin-3-ium bromide (62)
(E)-3-octyl-8-(prop-1-en-1-yl)-3,4-dihydro-2H- 0.1443 | 0.5570 | 59.0
benzo[e][1,3]oxazin-3-ium bromide (63)
(E)-3-phenyl-8-(prop-1-en-1-yl)-3,4-dihydro-2H- 0.0132 | 0.0978 |92.8
benzo[e][1,3]oxazin-3-ium bromide (64)
(E)-3-benzyl-8-(prop-1-en-1-yl)-3,4-dihydro-2H- 0.010 0.0747 94.5
benzo[e][1,3]oxazin-3-ium bromide (65)
8-Allyl-3-hexyl-3-(prop-2-in-1-yl)-3,4-dihydro-2H- | 0.0826 |0.4591 |66.2
benzo[e][1,3]oxazin-3-ium bromide (77)
8-Allyl-3-phenyl-3-(prop-2-in-1-yl)-3,4-dihydro- 0.0782 |0.4347 |68.0
2H-benzo[e][1,3]oxazin-3-ium bromide (78)
8-Allyl-3-benzyl-3-(prop-2-in-1-yl)-3,4-dihydro- 0.0269 |0.1494 |89.0
2H-benzo[e][1,3]oxazin-3-ium bromide (79)
(E)-4-(2-Hydroxy-3-(prop-1-en-1-yl)benzyl)-4- 0.0078 |0.0435 |96.8

Due to the presence in the structure of 1,3-benzoxazine of sub-
stituents with a multiple bond conjugated with the aromatic ring, as
well as an N-substituted propargyl fragment, the inhibitory properties
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are noticeably improved in comparison with hydrobromides, i.e. in the
presence of a fragment with a C=C bond, the degree of protection in-
creases, which once again confirms the importance of the propargyl
fragment in ammonium compounds (77-79, 84).

Compound 84, which contains phenolic hydroxyl, morph-
linium and propargyl fragments, as well as a bromine anion in its struc-
ture, was also studied under identical test conditions. It was found that
with the presence of a phenolic OH group in compound 84, the anti-
corrosive activity increases and amounts to 96.8%.

Study of anticorrosive properties of ammonium salts of
morpholinomethyl derivatives of 2-allyl- and 2-propenylphenols
in sulfuric acid medium

The aim of this study was a comparative study of water-soluble
derivatives of 2-allyl- and 2-propenyl-6-morpholinomethylphenols
obtained by their reactions with HBr, allyl bromide and propargyl bro-
mide as corrosion inhibitors of unalloyed steel St.3 in 0.5 H H2SO4 at
a compound concentration of 10, 20 and 50 mg/L and for 3 h.

It was found that all the studied ammonium salts have anticor-
rosive activity, especially ammonium salts based on 2-propenylphenol
(compounds 68, 83, 84). The degrees of their protection are 80.3-
97.8% depending on their quantities taken. Among the derivatives of
2-propenylphenol (68,83,84), the best anticorrosive properties are ex-
hibited by ammonium compounds with an N-allyl substituent (90%).
The obtained results once again confirm the importance of the pres-
ence of the N-allyl and N-propargyl fragments in ammonium com-
pounds. The obtained results also show the comparative importance of
the presence of the 2-propenyl substituent in the aromatic ring.

Study of the biocidal properties of ammonium compounds based
on alkenylphenol derivatives in oil production

This work presents the results of studies of the biocidal prop-

erties of ammonium salts of functionally substituted 1,3-benzoxazines,

various derivatives of Mannich bases and other derivatives containing

a bulky cation with allyl, propenyl and other groups in the 1,3-benzox-

azine ring and a Br anion in the structures of oil production.
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Bactericidal studies were also conducted at the Scientific Research Qil
Project Institute at SOCAR.
Table 9
Results of biocidal studies of compounds 67,68,83,84. Concentra-
tion of compounds 200 mg/L

Compounds N, SRB cells/ml S,%
Distilled water 108 -
67 104 50.0
68 10* 90.0
83 10* 89.5
84 10° 100.0

As can be seen from Table 9, the studied ammonium com-
pounds at a concentration of 200 mg/L have a bactericidal effect on
SRB. The results show that compound 84 - (E)-4-(2-Hydroxy-3-(prop-
1-en-1-yl)benzyl)-4-(prop-2-yn-1-yl)morpholine-4-ium bromide,
which contains in its structure a propenyl, N-substituted propargyl and
other fragments conjugated with an aromatic ring, as well as a bromine
anion, has 100% suppression of SRB growth. It is also clear that am-
monium compounds with a propenyl fragment have high bactericidal
properties compared to an allyl fragment.

Compounds 54-59 at a concentration of 200 mg/L (Table 10)
also have bactericidal properties against SRB growth. As can be seen
from the results of the studies (Table 10), the highest degree of inhibi-
tion of SRB growth (100%) is possessed by compound 59, which con-
tains in its structure, in addition to the bromine anion and other func-
tional groups, also a bromophenyl substituent.

Table 10.
Results of bactericidal studies of compounds 54-59 (conc. 200
mg/L)

Compounds N, SRB cells/ml S, %
Distilled water 108 —
54 10t 87.5
55 102 75.0
56 10° 37.5
57 104 50.0
58 10t 87.5
59 10° 100.0
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From the results of the studies (Table 10), it is evident that
compounds 54, 58 and 59 have comparatively high activity.

Therefore, the aim was to study the above compounds at lower
concentrations (50, 100 and 150 mg/L). The results of the studies make
it possible to use the studied compounds as effective reagents that can
be used in the oil industry.

High biocidal properties (the degree of SRB suppression is ap-
proximately 100%) were also revealed in compounds 79 and 80 with
a propargyl substituent at the quaternary nitrogen atom with N-benzyl
(79) and N-bromophenylnyl (80) substituents. Compound 77, contain-
ing an allyl and N-phenyl fragment in its structures, has 90% suppress-
ibility.

Thus, the results of the studies showed that the studied deriva-
tives of 1,3-benzoxazines, aminomethyl and other derivatives of 2-al-
lyl- and 2-propenylphenols possess both inhibitory and bactericidal
properties and, it can be said, are not inferior in properties to the indi-
cators of the traditional inhibitors and bactericides used, and in many
cases even surpass them.

Study of the antioxidant properties of the synthesized
compounds

The antioxidant activity of the synthesized nitrogen-containing
derivatives (new Mannich bases), as well as 1,3-benzoxazines based
on 2-allyl- and 2-propenylphenols, containing in the structures simul-
taneously fragments with a multiple bond, OH, benzoxazine ring and
other substituents, was studied and their pattern of change in properties
depending on their structures was studied.

According to the values of the induction periods found from
the Kkinetic curves of cumene autoxidation in the presence of the stud-
ied compounds (3,16,18,19,20,25,26,42), it was established that they
have high antioxidant activity and, according to the above-mentioned
property, significantly exceed 2,6-di-tert-butylphenol (ionol), which is
widely used in industry as an antioxidant.

It was established that the antioxidant properties of compounds
with N-propyl and N-octyl fragments (16, 18) are higher than those of
compounds containing N-phenyl and N-benzyl substituents (19, 20).
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When the double bond in the propenyl radical is located toward the
benzene ring (i.e. conjugated with the aromatic ring), the antioxidant
properties of the compounds (compounds 25 and 26) are reduced com-
pared to compounds 16 and 18, which contain N-propyl (16) and N-
octyl (18) fragments in their structures and an allyl substituent in the
benzoxazine molecule.

Study of viscosity-temperature properties of some compounds in
1-12A oil

Considering the temperature stability of the above-mentioned
compounds 33, 42, 44, 46, they were studied in compositions in I-12A
oil. The use of compounds 33, 42, 44, 46 in a composition with double
copolymers of decyl methacrylate and dicyclopentadiene (1:1 wt) in
lubricating distillate oil 1-12A (in concentrations of 4 and 6%) allows
increasing its kinematic viscosity at 100°C from 3.8 to 8.0 mm?/s. At
the same time, the viscosity-temperature properties of the compiled
lubricating compositions are improved. The viscosity index (V1) in-
creases from 90 to 100-115 at their concentration of 4% and to 110-
125 - at 6%.

Study of the antimicrobial properties of the synthesized
compounds

Antimicrobial studies of the synthesized compounds were car-
ried out in the Sanitary and Quarantine Center in the Microbiology
laboratory of the Ministry of Health. The aim of this work is to study
the synthesized heteroatom-containing derivatives of 2-allyl-, 2-pro-
penyl- and 4-isopropenylphenols as antimicrobial preparations, as
well as antimicrobial additives to oils, and to develop scientific foun-
dations for identifying patterns of antimicrobial properties depending
on their structure. The following microorganisms were used in the
studies of the antimicrobial properties of the synthesized compounds:
Staphylococcus aureus, Escherichia Coli, Shigella flexneri, Salmo-
nella enterica, Pseudomonas aeruginosa, Candida albicans and As-
pergillus niger.

As can be seen from Table 11, the studied 8-allyl-1,3-benzox-
azines and their ammonium derivatives at concentrations 15 and 30
mg/L exhibit bactericidal and fungicidal activity with respect to all the
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microorganisms used. Among compounds 16-19 and 54-57, ammo-
nium salts 54-57 exhibit the highest antimicrobial activity, which at a
concentration of 15 mg/L are approximately twice as effective as the
original compounds 16-19.

The TEM study suggests that 3-hexyl-substituted 8-allyl-1,3-
benzoxazinium bromide (55) exerts its effect by passing through the
cell walls of bacteria. Figure 12 shows an E. coli cell without treatment
with compound 55 and amoxicillin. Figure 13 shows the ultrastruc-
tural characteristics of the change in an E. coli cell in the presence of
the standard (amoxicillin). As can be seen, the cell wall and cell mem-
brane (shown by a single black arrow) of the E. coli cell are damaged.
In this case, bacterial growth stops and they lose the ability to repro-
duce.

Table 11.

Results of antimicrobial activity of compounds 16-19 and 54-57
Com- | Con- Diameter of the microorganism suppression zone, mm

pound | cen- | S.aureu | E.col | S.flexne | S.enteric | C.albican | A.nige
S tra- S i ri a S r

tion,
mg/L

16 15 15 19 17 14 6 7
30 29 39 33 26 15 15
17 15 11 24 14 12 6 5
30 24 41 29 25 14 11
18 15 10 22 13 10 9 12
30 26 27 22 19 17 21
19 15 13 22 10 10 4 5
30 25 38 20 21 11 13
51 15 16 24 14 10 15 10
30 31 42 27 21 29 23
52 15 22 28 18 15 13 12
30 43 45 38 31 28 25
53 15 16 23 19 13 18 16
30 31 38 32 29 33 32
54 15 19 27 20 14 12 10
30 34 45 36 30 25 22
Amoxicillin - 30 14 9 10 9 - -
Fluconazol§ 30 - - - - 29 22
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Figure 14 clearly shows that both the inner and outer layers of
the membrane are destroyed in all bacterial cells and complete destruc-
tion of the E. coli bacterium is observed by compound 55.

As can be seen from Table 12, the studied compounds
23,24,26,27 at a concentration of 35 mg/L have antimicrobial activity
against the microorganisms used in the work. Compound 27, with a 3-
benzyl substituent, has antimicrobial activity against all microorgan-
isms used in the work, and especially against Escherichia Coli, Can-
dida albicans and Aspergillus niger, where the diameter of the zone
of inhibition of their growth at a concentration of 35 mg/L is 28, 31
and 27 mm, respectively.

Figure 12. TEM images of untreated E. coli bacteria. a - over-

view, b - bacterial ultrastructure. Staining: uranyl acetate and

Pb-citrate. St-cytoplasm, CM-cell membrane or plasma mem-
brane, CW-cell wall, Rb-ribosome, Pe-peptideglycan
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Figure 13. TEM images of damaged E. coli bacteria treated with
amoxicillin
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The results of the antimicrobial activity studies using the zonal
diffusion method and the serial dilution method (35 mg/L, 3.5 mg/L,
0.35 mg/L and 0.035 mg/L) allowed us to identify their antimicrobial
efficacy and the minimum inhibitory concentration (MIC) of the test
compounds. Thus, for compound 24, the minimum bactericidal activ-
ity (MBC) upon dilution of concentrations is 0.01 ml (0.35 mg/L), for
26 and 23 0.001 ml (0.035 mg/L), for 27 the MBC and minimum fun-
gicidal activity (MEA) are 0.001 ml @.QSS mg/L).

)

Figure 14. TEM micrographs of killed E. coli bacteria treated
with 3-hexyl-substituted 8-allyl-1,3-benzoxazinium bromide 55
1,3-Benzoxazines 20, 21, 28 and their water-soluble ammo-
nium salts 58, 59, 66 in concentrations of 20, 30 and 50 mg/L also
exhibit antimicrobial activity against the following microorganisms:
S. aureus, E. coli, C. albicans, Sh. flexneri, S. enterica and A. niger.
Compound 58 is particularly effective against strains of E. coli and Sh.
flexneri, where at a concentration of 50 mg/L the diameter of the inhi-
bition zone of the indicated bacteria is 40 and 39 mm, respectively.
Studies have shown that compound 58 in dilutions of concen-
trations of 1:10 (5 mg/L), 1:100 (0.5 mg/L) and 1:1000 (0.05 mg/L)
exhibits comparatively high effectiveness against bacteria, especially
E. coli. However, the minimum fungicidal activity of compound 58 is
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manifested at 1:100. Thus, the minimum bactericidal activity (MBA)
of 58 is 0.05 mg/l, and the minimum fungicidal activity (MFA) is 0.5
mg/L.

Table 12.
Results of antimicrobial efficacy of compounds 23,24,26,27
Com- | Con- Diameter of the microorganism suppression zone, mm
pounds| cen-
tra-
tion, | S.aureus| E.coli| S.flexneri | S.enterica | C.albicans | A.niger
mg/
L
93 15 8 6 6 5 0 0
35 12 10 11 10 4 4
24 15 6 9 11 8 0 0
35 10 13 18 11 0 2
26 15 4 6 10 4 0 0
35 6 10 16 8 2 3
5 7 6 5 4 8 6
27 15 12 13 11 10 14 12
35 21 28 20 22 31 27
Amoxieil 35 |15 | 10 9 9 -
Flucona-
sole 35 - - - - 29 22

The antimicrobial activity of the synthesized compounds was
also studied in M-8 motor oil by the disk-diffusion method according
to GOST 9.023-74 in the Sanitary and Quarantine Center of the Min-
istry of Health. To conduct studies in M-8 oil at concentrations of 30
and 50 mg/l against bacteria Stafilococcus aureus, Escherichia coli and
fungi Pseudomonas aeruginosa, Candida albicans, Aspergillus niger,
the following compounds were used: 1-3, 16-21, 23-28 and 42.

As can be seen from Tables 13 and 14, all the studied com-
pounds - 8-allyl- (Table 13) and 8-propenyl-substituted (Table 14) 1,3-
benzoxazines (16-21, 23-28) at concentrations of 30 and 50 mg/L in
M-8 oil have bactericidal and fungicidal properties in relation to the
microorganisms used in the work.

It is evident from Table 13 that the studied compounds are not
inferior in antimicrobial activity to the standard taken for comparison
- 8-hydroxyquinoline, and in many cases even surpass it.
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Table 13.
Results of antimicrobial activity of compounds 16-23 in M-8 oil

Compounds | Concen- Diameter of the microorganism suppression
tration, zone, mm
mg/L S . | Pseudomona | C.albi | A.nig
.aureus | E.coli .
s aeruginoza | cans er
16 30 19 21 25 16 13
50 24 26 29 18 19
17 30 12 14 11 13 12
50 23 24 24 15 16
18 30 10 12 9 6 5
50 19 27 26 10 9
19 30 22 25 24 16 14
50 28 30 29 19 18
20 30 21 24 25 15 16
50 30 32 31 20 22
21 30 20 23 24 14 13
50 28 29 30 25 22
8-hydroxy- | 5, 20 24 18 P
quinolin
Macno M-8
(6e3 mo6aBKM) i * * * * *
Table 14.
Results of antimicrobial activity of compounds 23-28 in M-8 oil
Compounds Con- Diameter of the microorganism suppression
cen- zone, mm

tration | S.aur | E.co | Pseudomonas | C.albi | A.nig
, mg/L eus li aeruginoza cans er
93 30 20 24 23 16 14
50 26 29 28 18 16
24 30 16 18 15 12 10
50 24 26 23 16 14
25 30 12 18 16 8 6
50 21 26 22 12 10
26 30 24 29 26 17 15
50 30 33 32 23 21
97 30 26 28 27 18 16
50 32 36 34 27 25
28 30 28 30 28 20 18
50 34 36 35 29 25
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Among the 8-propenyl-substituted 1,3-benzoxazines with an
aromatic substituent at the nitrogen atom, the compound 27 - (E)-3-
benzyl-8-(prop-1-en-1-yl)-3,4-dihydro-2H-benzo[e][1,3]oxazine with
a benzyl substituent has the highest antimicrobial activity. Thus, a se-
ries of heteroatom-containing compounds were synthesized by triple
condensation of allyl and propenylphenols with aldehydes and various
amines (by the Mannich reaction) that can find application in the oil
industry as acid corrosion inhibitors, antimicrobial, antioxidant, vis-
cosity-temperature additives to petroleum products, biocides in the oil-
producing industry, medical preparations, etc.

In addition, the synthesized compounds containing both multi-
ple bonds and heteroatoms can be successfully used as precursors in
obtaining monomeric and polymeric light and heat stabilizers for pol-
ymeric materials, as well as in obtaining modified polymeric materials
for the purpose of extracting radioactive compounds and heavy metals
from water systems and formation waters. It was found that when in-
cluding a propargyl fragment in the molecule of alkenylphenol deriv-
atives or alkenyl-substituted 1,3-benzoxazines, their operational prop-
erties are significantly improved.

Based on the obtained research results, the synthesized com-
pounds can be recommended for use as corrosion inhibitors, biocides,
antimicrobial, antioxidant additives, drugs, etc.

CONCLUSION

1.Scientific foundations have been developed for systematic studies
on the synthesis of 84 numerous functionally substituted heteroatom-
containing compounds based on alkenylphenols (2-allyl, 2-propenyl
and 4-isopropenylphenols) and the study of their chemical and opera-
tional (thermal, anticorrosive, biocidal, antioxidant, antimicrobial, vis-
cosity-temperature) properties depending on their structure
[3,4,13,16,23].

2. The triple condensation reaction of 2-allyl, 2-propenyl and 4-iso-
propenylphenols with aldehydes (formaldehyde and benzaldehyde)
and primary or secondary amines (aliphatic, cyclic, aromatic) (accord-
ing to Mannich) has been systematically studied. It was found that
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depending on the nature, ratio of the initial reagents, reaction temper-
ature, etc., products of various structures are obtained: 1,3-benzoxa-
zines, aminomethyl derivatives, oligomers, polybenzoxazines [34,41-
44,64,67].

3. Thermogravimetric and differential thermal methods were used to
study the thermal stability of the synthesized alkenyl-substituted 1,3-
benzoxazines and other derivatives of alkenylphenols. It was found
that the synthesized benzoxazines have thermal stability up to a tem-
perature of ~200 ° C (depending on their structure). It was shown that
up to the decomposition temperature of the product (~200 ° C), ther-
mal opening of the 1,3-oxazine ring occurs with the formation of
polybenzoxazine [44,66,69].

4. Based on the synthesized functionally substituted ethers of
alkenylphenols, 8-alkenyl substituted 1,3-benzoxazines, and ami-
nomethyl derivatives of alkenylphenols, ammonium compounds were
obtained with yields of 60-92% and melting points of 111-204 °C.
Spectral data showed that as a result of the reaction, a multiple bond
is preserved in the reaction products and a +N-H bond is formed [41-
43,49].

5. Based on 2-allyl-, 2-propenyl-, and 4-isopropenylphenols, their me-
thyl-substituted derivatives, and alkenyl-substituted 1,3-benzoxa-
zines, their propargyl derivatives were obtained with yields of 57-
96%. A correlation was revealed between their operational properties
depending on their structure. It was found that the introduction of a
propargy| substituent into the structures of the synthesized compounds
significantly improves their operational (anti-corrosion and biocidal)
properties [68,76].

6. Triple condensation of alkenylphenols and their derivatives with al-
dehydes (formaldehyde and benzaldehyde) and primary diamines (eth-
ylenediamine, urea, thiocarbamide) yielded a series of functionally
substituted heteroatom-containing compounds (yield 58-96%) with a
number of valuable properties. It was found that, depending on the
reaction conditions, nature, and ratio of the initial reagents, various
products are obtained (1,3-benzoxazines, polybenzoxazines, oligo-
mers). The resulting products were used as precursors in obtaining ma-
terials for the extraction of radioactive elements and heavy metals
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from aqueous media (the degree of extraction of uranyl ions is 90.8-
92.6%) and oil formation waters of Azerbaijan oilfields [65,66,73-75].
7. Synthesized alkenyl-substituted 1,3-benzoxazines, aminomethyl
derivatives of 2-allyl-, 2-propenylphenols, their ammonium salts, as
well as propargylated derivatives based on 2-allyl-, 2-propenyl- and 4-
isopropenylphenols, their aminomethyl derivatives and alkenyl-sub-
stituted 1,3-benzoxazines in concentrations of 50, 100, 150 mg/l ex-
hibited anticorrosive properties in a water-salt, kerosene-containing
medium saturated with hydrogen sulfide (the degree of protection is
51.0-98.3%). It was found that among the studied compounds, ammo-
nium salts of 1,3-benzoxazines with a propargyl fragment and an N-
bromophenyl substituent have the highest anticorrosive properties. At
a concentration of the specified compound of 50 mg/L, the degree of
protection is 97.6% [9,16,23,35,40,41,71,72].

8. Ammonium salts based on synthesized 8-alkenyl substituted 1,3-
benzoxazines, as well as aminomethyl derivatives of alkenylphenols
at a concentration of 200 mg/dm?® (200 mg/L) in mineralized formation
water saturated with hydrogen sulfide and carbon dioxide, have an in-
hibitory effect (the degree of protection is 59.0-96.8%). The highest
rates are shown by salts of 8-propenyl-1,3-benzoxazines with N-phe-
nyl and N-benzyl substituents (the degree of protection is 92.8 and
94.5%, respectively), as well as the propargyl salt of the morpho-
linomethyl derivative of 2-propenylphenol (the degree of protection is
96.8%) [76].

9. In a study of ammonium salts of aminomethyl derivatives of
alkenylphenols, as well as some 1,3-benzoxazines and their ammo-
nium salts at concentrations of 10, 20, 50, 100, 150 and 200 mg/L in a
0.5 N sulfuric acid medium, it was found that the highest inhibitory
properties in this case are possessed by ammonium salts based on mor-
pholinomethyl derivatives of 2-allyl- and 2-propenylphenols, where at
a concentration of 50 mg/L their degree of protection is 74.9-99.0%.
It was found that the highest results can be achieved in combination
with a propargyl substituent [49,76].

10. When studying the synthesized functionally substituted com-
pounds as reagents for suppressing the growth of SRB in their concen-
trations of 50, 100, 150 and 200 mg/L, their high biocidal properties
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(the degree of suppression up to 100%) were revealed. It was found
that the synthesized compounds can be used not only as corrosion in-
hibitors, but also as reagents for suppressing the growth of SRB, i.e.
the compounds are reagents of complex action for preventing biocor-
rosion during oil production [16,23,41,49].

11. Synthesized alkenyl substituted 1,3-benzoxazines and their ammo-
nium salts also showed antimicrobial action in M-8 oil, DMSO, in wa-
ter, and in alcohol against the following microorganisms: Staphylo-
coccus aureus, Escherichia coli, Candida albicans, Shigella flexneri,
Salmonella enterica, Pseudomonas aeruginosa, and Aspergillus niger
(isolate obtained from water) and are not inferior to the standards taken
for comparison (amoxicillin, cefazolin and fluconazole), and in many
cases even surpass them. It was found that the bactericidal properties
of the studied compounds are more pronounced than the fungicidal
ones. It was found by the dilution method that some of the studied
compounds also exhibit activity even in low concentrations (30-35
pg/L). The obtained images of Escherichia coli under a microscope in
the presence of the synthesized compounds once again confirmed the
antimicrobial efficiency of the compounds [41-43,77].

12. As a result of complex studies of the antioxidant properties of the
synthesized compounds, their high activity was established. It was
found that the condensation products of 2-allyl- and 2-propenylphe-
nols with aldehydes and various amines have an inhibitory property
with respect to the oxidation of hydrocarbons and surpass the standard
(ionol) in antioxidant activity. It was found that compounds with phe-
nolic hydroxyl and 1,3-benzoxazines with N-propyl and N-octy! sub-
stituents have the highest antioxidant properties. Thus, the induction
period of oxidation in the presence of these compounds is 350, 320
and 300 min [78].
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