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POLYSORBATES BIODEGRADATION POTENTIAL AND 
PLASMID STABILITY OF SOIL PSEUDOMONAS

Abstract. The main aim of current research was a consideration of xenobiotics biodegradation 
potential of more than 50 strains of 7 species and 3 subspecies of mentioned bacteria and their an-
tibiotic resistance as interacting parts of one system of adaptation of microorganisms to changing 
environment. And it has not only theoretical scientific importance, for understanding of bases of 
Pseudomonas and Stenotrophomonas resistance plasmids stability, but also has a practical significance 
for solving of modern ecological problems of new multidrug resistant pathogen forming and xeno-
biotic biodegradation processes in soil.

Keywords: Pseudomonas, biodegradation, antibiotic-resistance, plasmids, lipases.
Introduction
The problem of multi-drug resistance of mi-

crobes, according to WHO reports of recent years, 
is one of key importance research directions for up-
coming century [1]. The multiple resistance of mi-
croorganisms to antimicrobial preparations is one of 

the well-known properties of Pseudomonas, which 
are being isolated from clinics [2]. But the native 
strains of these bacteria, which were isolated from 
soil and other wet surfaces of natural and artificial 
origin, have the wide spectrum of resistance to anti-
biotics of II and III generations and they are able to 
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stable transfer this property to other Gram-negative 
bacteria too. Thus it has not only medical but also 
ecological and archeological significance, because of 
very broad life areal of these microorganisms.

According to the research of recent years, Pseudo-
monas and other cave microorganisms are endanger-
ing not only the health visitors and cave researchers, 
bu also are becoming the new object for resistance 
research in aspects of both resistance new types dis-
covery and the discovery of new antibiotics [3; 4]. 
Due to literature data, Pseudomonas are highly adap-
tive microorganisms. They have a wide diversity of 
enzymes and biochemical pathways of biodegrada-
tion of various native substances and xenobiotics 
[5; 6]. That is why the study of relation of stabile 
antibiotic resistance persistence and the transfer of 
it with xenobiotic biodegradation genes localization 
in bacterial genome is very significant for understand 
the mechanisms of this problem.

Materials and Methods
During this research there were used strains from 

The National Culture Collection of Microorganisms 
of the MDC of “Armbiotechnology” SPC NAS RA. 
They were cultivated according to the standard proto-
cols. For the resistance tests here were used 50mkg/

ml concentrations of 13 antibiotics of different class-
es and generations: penicillin/Pen, ampicillin/Amp, 
amoxicillin/Amx, augmentin/Amc, cefixime/Cfm, 
ceftriaxone/Cro, kanamycin/Kan, streptomycin/Str, 
gentamycin/Gen, ciprofloxacin/Cip; tetracycline/
Tet; Chloramphenicol Chl) of amphenicoles, azithro-
mycin (Azm) – of azalides of macrolides [7; 8].

Biodegradation potential was evaluated due to 
extracellular enzyme activity precipitation. Lipases 
activities tests were carried out according to standard 
microbiology and biochemistry protocols on solid 
cultural media, using substitution of carbon source to 
appropriate polysorbates –20, –40, –60, –65, –80, –85 
with different length of fatty acids [9]. The genetical 
analyses was done by DNA electrophoresis, transfor-
mation and PCR. DNA isolation was done by alka-
line extraction for plasmids and with benzyl-chloride 
method for total DNA. PCR analysis of antibiotic 
modification enzyme genes was done with the fol-
lowing primers: aph(3’)IV, aac(6’)II, pCAT639, bla-
OXA-10 [10]. The statistical verification of experi-
ments was done by standard methods [11; 12].

Results
The results of polysorbate degradation tests are 

presented on (table 1).
Table 1. – Polysorbates biodegradation by Pseudomonas

Strain of micro-
organism Polysorbates

C+ C–
20 40 60 65 80 85

G A G A G A G A G A G A
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

P. geniculate

9335 3+ – 3+ – 3+ – + – 3+ – 3+ – 5+ –
9336 3+ – 3+ – 3+ – + – 3+ – 3+ – 5+ –
9337 3+ – 3+ 3+ 3+ – 2+ – 3+ – 3+ 3+ 5+ –
9338 2+ – 3+ – 3+ – 2+ – 3+ – 3+ – 5+ –
9339 3+ – 2+ – 3+ – + – 3+ – 3+ – 5+ –
9340 2+ – 3+ – 3+ – 2+ – 3+ – 3+ – 5+ –
9205 3+ – + 2+ 3+ – 3+ – 3+ – 2+ – 5+ –
9203 3+ 2+ + – 2+ + + + 3+ 3+ 3+ – 5+ –
9212 2+ + 2+ – 2+ + + + 2+ – ++ + 5+ –

P. aeruginosa
9059 3+ – + – 3+ – 3+ – 3+ + 3+ 3+ 5+ –
9058 3+ – 3+ – 3+ – 3+ – 3+ – 3+ – 5+ –
9056 - – – – – – – – – – – – 5+ –
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

P. fluorescens

9075 3+ + 3+ + 3+ – 2+ – 3+ – 3+ 3+ 5+ –
9077 3+ – 3+ – 3+ – 2+ – 3+ – 3+ – 5+ –
9252 3+ – – – 3+ – + – 3+ 5+ 3+ + 5+ –
9089 3+ – 3+ – 3+ – 2+ – 3+ – 3+ – 5+ –
9092 3+ – 3+ – 3+ – 2+ – 3+ – 3+ – 5+ –
9095 3+ 5+ 2+ – 2+ – 2+ – 3+ – 3+ – 5+ –
9096 3+ – 3+ – 3+ – 2+ – 3+ – 3+ – 5+ –

Polysorbates – 20, 40, 65, 80, 85; G – growth (after 5 days), A – activity; “+” – growth/lipase activity 
presence different intensity;“–” – growth/lipase activity absence; “C+” – positive control on nutrient agar media; 
“C –” – negative control on mineral cultural media

Table 2. – Resistance transfer in soil Pseudomonas

Rec Donor R/S of 
Rec

R/S of 
Donor 1 2 3 4 5 6 7 8 9 10 11 12 13 С2

I pUC18 (C1) S Amp – + – – – – – – – – – – – +

II S. maltophilia 
9302 S Str, Pcn, 

Amx Amp + + + – – – – – – – – – – +

III pUC18 Cip, Cro, Amp – – – – – + – – – – – + – +
IV pUC18 Cip, S Amp + – – – – – – – – – + – – +

V VOG16

Chl, Amc, 
Amx, 

Amp Pcn, 
Cfm

Kan + + + + + + + + – – – – – +

VI pUC18 Cfm Amp – + – – + – – – – – – +

III S. maltophilia 
9285 Cip, Cfm

Kan Amc 
Amx Amp 

Cfm
– – – – + – – – – – – + – +

VI S. maltophilia 
9288

Chl, Amc, 
Amx, 
Amp, 
Cfm,

R, CroS, 
TetS, 

AzmS, 
CipS

– + + + + – + + – – – – – +

IV S. maltophilia 
9277 Cip Amc Amx 

Amp Cfm + + + + – – – – – – – + – +

VI S. maltophilia 
9304 Cfm Cro – – – – + – – – – – – – – +

Antibiotics: 1 – penicillin/Pen, 2 – ampicillin/Amp, amoxicillin/Amx, 3 – augmentin/Amc, 4 – cefixime/Cfm, 
5 – ceftriaxone/Cro, 6 – kanamycin/Kan, 7 – streptomycin/Str, 8 – gentamycin/Gen, 9 – ciprofloxacin/Cip, 10 – 
tetracycline/Tet, 11 – Chloramphenicol/Chl, 12 – azithromycin /Azm; Rec. (Recipients): I – P. aeruginosa 9056, 
II – E. coli DH5a, III – S. maltophilia 9326, IV – P. chlororaphis, subsp. chlororaphis 9329, V – P. fluorescens 9092, 
VI – P. taetrolens 9243; S – sensitivity, R – resistance, C1 – plasmid transmission control by E. coli DH5α/pUC18 
plasmid, C2 – control on nutrient agar, “+” – growth, “–” – the absence oа growth
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Then the same procedure of transformation was 
repeated with other recipient strains. The same re-
sults were obtained in 6 used recipients of different 
species of bacteria. While the tests of stability, the 
divergence of results was detected. The stability of 
replication was detected for all the researched do-
nors in case of P. aeruginosa 9056 recipients, except 
the P. taetrolens recipients which didn’t demonstrate 
the stability after the cultivation of transformants us-
ing non selective nutrient agar media. Thus it might 

be concluded that the cause of plasmid resistance in 
general is defined by the genome structure of P. aeru-
ginosa [13]. In case of P. taetrolens, probably there is 
the system which is blocking the possibility of stable 
replication of donor DNA in recipient cells. The anti-
biotic resistance tests of all the obtained transformed 
strains are presented on table5. The results of anti-
biotic resistance test were the same for each several 
donor and all the used recipients, thus in table is rep-
resented only one of 6 experiments of each series.

  
 A B

Figure 1. Lipase activity of different stains (A – P. taetrolens 9246 on 
polysorbate‑85; B – P. chlororaphis subsp. aurantiaca 9061)

Conclusions
During the experiments, it was found out that the 

genes of 5 types of polysorbate degrading lipases are 
different. They can have both plasmid and nucleoid 
localization in frames of one species and one subspe-
cies. Probably, one part of these plasmid localized 
lipases can play a key role for antibiotic resistance 
plasmid stability in some strains of P. taetrolens, while 
the stability of plasmids from P. fluorescens, P. chlo-
roraphis and P. aeruginosa, is predominantly caused 

by genome of recipient strains. The maximal stabil-
ity was detected on both selective and non-selective 
cultural media in recipient cells of P. aeruginosa.
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ZERO-DAY POLYMORPHIC CYBERATTACKS 
DETECTION USING FUZZY INFERENCE SYSTEM

Abstract. The model of zero-day cyberattacks detection on information systems and networks of 
critical infrastructure objects is presented in the paper. The mechanism of detecting new intrusions 
is based on identification of polymorphic modification of classified cyberattacks presented as fuzzy 
condition-action rule.

Keywords: cyber security, information system, polymorphic cyberattack, fuzzy logic, intrusion 
detection system.

The ongoing development and active efforts of 
State agencies, centres and services to combat cy-
berterrorism in the world leading countries testifies 

to the urgency of ensuring an appropriate level of 
protection for information systems and critical in-
frastructure networks.
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One of the main focuses of their activities is to 
increase the effectiveness of the main security means 
of information systems and networks in order to 
protect them from destabilizing impacts (interfer-
ences) of cyberattacks, i. e. intrusion detection sys-
tem (IDS), by promptly identifying signs of privacy 
compromise, availability and integrity of informa-
tion resources and/or services.

Solving this issue in terms of compliance with IDS 
modern requirements to information security systems 
requires the use of approaches capable of detecting 
zero-day vulnerabilities (0-day), because it is their 
uncontrolled nature that can lead to unpredictable 
consequences at critical infrastructure facilities [1–5].

One of the promising approaches to solving 
the above issue is the implementation of cyberat-
tack detection methods that simultaneously have 
the verification and adaptation capabilities, as well 
as the ability to analyze data with a sufficiently high 
degree of accuracy and reliability in conditions of 
uncertainty – methods based on the mathematical 
tool of the fuzzy sets and fuzzy logic [2–5].

However, supporting effective decisions to detect 
new cyberattacks according to this approach in the 
absence of the necessary linguistic variables included 
in the rules formed by experts is a rather complicated 
task. On the other hand, generation of a full possible 
set of rules with different combinations of linguistic 
variables is a rather complicated task and leads to 
a great computational complexity as well as an in-
crease in the number of false alarms by the system.

This determines the relevance of further research, 
the purpose of which is to develop new models and 
methods of detection of cyberattacks, the fundamen-
tal foundation of which is the theory of fuzzy sets and 
fuzzy logic to detect zero-day cyberattacks.

The purpose of the article is to develop a model 
of cyberattacks detection on information systems 
and networks of critical infrastructure objects based 
on the application of a fuzzy logic system that will 
allow detecting zero-day cyberattacks.

Analysis of recent studies and publications [6–
11] shows that the detection of this type of cyberat-
tack is one of the most difficult issues of the cybersecu-
rity and is usually solved by iteration, after identifying 
the consequences of their destructive activities and/
or identifying them after a certain (fairly long) period 
of time. In order to detect the zero-day cyberattack, it 
is necessary to conduct a series of studies to establish 
the vector of impact, vulnerability of the software or 
the exploit that is using it to determine their charac-
teristics for the subsequent creation of corresponding 
signatures (templates) or rules.

Today, there are two approaches to detecting 
such cyberattacks:

• Detection of malicious activity based on au-
diting software operation scenarios;

• detection based on existing experience in 
dealing with known disruptive forces.

The first approach is inappropriate for informa-
tion networks of critical infrastructure facilities, as:

• it is practically impossible to verify the deci-
sion taken by the system;

• it is impossible to envisage a decision by the 
system in case of a software failure (hardware 
malfunction);

• too complicated process of creating scenari-
os of software functioning and level of detail 
(functioning at different levels);

• it is possible to envisage masking the cy-
berattack behavior at runtime as legitimate 
software.

For effective detection of zero-day cyberattacks it 
is reasonable to use the second approach based on the 
experience of dealing with already known intrusions, 
since the number of new attacks characterized by a 
fundamentally new set of features is quite small [6–9].

For example, the latest research by Webroot Inc. – 
a private American company that provides Internet 
security for consumers and businesses showed that 
in 2017 93% of malware and 95% of unwanted ap-
plications were polymorphic (occurring in several 
different forms of the same object), and this trend 
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continued during 2018–2019 [6,8,9]. However, 
this fact remained unnoticed by the major manu-
facturers of IDS. The security laboratory of Avira – a 
German company, developer of antivirus software, 
declares [6] that polymorphic cyberattacks are an 
increasingly common threat in recent years. More-
over, it is easier for malware developers to change 
the object shell using polymorphism and create 
new versions of malware based on existing mal-
ware with less effort. In addition, the architecture 
and principles of software that form the basis of the 
software stack (operating system kernel level, com-
mand system, memory management principles, 
runtime level) have not changed significantly over 
the past few decades.

On the basis of the above, most recent cyberat-
tacks tend to have a certain, though not substantial, 
set of features inherent in the already classified incur-
sions on which they were based. Cyberattacks that 
implement this approach are polymorphic forms of 
previously classified intrusions.

Polymorphic cyberattack is a cyberattack that is 
capable of changing its form (structure) with each 
instance. According to the time of modification, this 
approach is divided by:

• modification during initialization – once, be-
fore launching;

• modification on the fly – during its execution.
Below is a brief list of polymorphic cyberattacks, 

which have gained wide enough publicity [6]:
CryptoLocker encrypts files on users’ devices in 

order to get a ransom money. The feature is access 
to information network resources through various 
scenarios.

CryptXXX is a ransomware created on the basis 
of Angler Exploit Kit (EK), which used to encrypt 
files and steal passwords.

VirLock is the first polymorphic ransomware that 
locked victim’s screen.

Wanna Cry is a ransomware cyberattack based on 
the CryptXX trojan. It used a vulnerability in older 
Windows operating systems.

In case of polymorphic cyberattack self-modifi-
cation, a part of its code changes [6–11] (encryp-
tion, generation of program garbage), keeping the 
original algorithm intact (vector and body of the 
cyberattack), which contains the main program 
scenario of destructive activity implementation on 
resources (services) of the information system or 
network. Consequently, detection of such cyberat-
tack in real time is practically impossible, which leads 
to signature development in the future for each of 
its forms, while the fact of invariability of functional 
purpose of the cyberattack body, which implements 
its vector, gives grounds for detection of zero-day cy-
berattacks based on identification of polymorphic 
modifications of already classified intrusions.

Therefore, in order to effectively detect polymor-
phic cyberattacks based on existing and rule-driven 
intrusions under conditions of uncertainty and in-
completeness of the data to be processed, it is reason-
able to determine the minimum required power of 
a set of linguistic variables of the fuzzy rule, which 
will ensure the functional belonging of a particular 
cyberattack to a certain class.

For the purpose of the analytical justification of 
the above, let us present a formal description of the 
model for detecting cyberattacks based on the pro-
posed approach.

Definition of a state index (normal, detection of 
cyberattack) of an information system or network 
based on the application of the mathematical ap-
paratus of the theory of fuzzy sets and fuzzy logical 
conclusion in the context of the above is considered 
as a process of decision-making on the state of the 
network based on the analysis of telemetry values 
of network traffic, log (pcap)-files of IDS, indicators 
of the state of the hardware component of hosts or 
their combination.

Hence, the problem of detection of cyberattacks 
is considered as a decision-making process in a sys-
tem with a single output parameter y Y y y∈ =  ,  –  
an expert conclusion about its presence in the net-
work based on the analysis of the input parameter 
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vector � �X x x i ni i i=   =, , ,1  according to the cause-
effect dependence:

 y f x x x i ny i n= … …{ } =1 1, , , , ,� � � �  (1)
and it comes down to finding a solution to an analyti-
cal formula:
X x x y d a a w w D d d

i n m

n j i i
l

n m
i= ( )→ = …( )∈ = ( )

=

1
1

1 1

1 1

, , , , , , ,

, , ,
(2)

where y  is linguistic description of the expert solu-
tion d D∈  for the vector of values X x x xn= …{ }1 2, ,� � � �, 
ai  are numbers of combination of values of descrip-
tion parameters (linguistic terms) X , corresponding 
to the value dj , wi  is the weight of fuzzy rule, m  – is 
the number of possible values of y  variable.

Therefore, if the analytical description of some 
known (classified cyberattack) can be presented as:

 X x x x i ni n= … …{ } =1 1, , , , ,� � � � , (3)
then let us describe the polymorphic cyberattack 
on the basis of the principle of similarity of many of 
their features characterizing the body and vector of 
cyberattack [6–11] as:

 ′ = … …{ } =X x x x i mi m1 1' ' ', , , , ,� � � �  (4)
where n  s the power of a known cyberattack rule set, 
m  s the minimum required power of a polymorphic 
cyberattack rule.

To estimate the linguistic variables x i ni , ,� =1  and 
y  qualitative terms from the following term sets are 
used:

A a a ai i i i
li= …{ }1 2, , ,  –  term set x i ni , ,� =1 ,

D d d dm= …{ }1 2, , ,  –  term set y , where ai
p −  

p-th linguistic term x p l i ni i, , , ,� �= =1 1 ; dj −  j-th lin-
guistic term y .

Quantitative linguistic variables x i ni , ,� =1  and y  
are classically determined by relations:

 a x xi
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i i
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x( )  is a function of the value of the input 
linguistic variable x x xi i i∈ ,  of the term a Ai

p
i∈ , 

p l i ni= =1 1, , ,� ; µdj y( )  is a function of the value of 
the variable y y y∈ ,  of the term d Dj ∈ , j m=1, .

The qualitative linguistic variables x i ni , ,� =1  and 
y  are in turn determined by the following relations:
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where µa
i
ki

p

v( )  is the membership degree of the ele-
ment v Ui

k
i∈  of the term a Ai

p
i∈ , p l i ni= =1 1, , ,� , 

k qi=1, ; µd rj y( )  is the membership degree of the 
element y Yr ∈  of the term d Dj ∈ , j m=1, .

To establish the functional dependence (1) be-
tween the set of investigated parameters and the cor-
responding decision on the state of the network (sys-
tem), after their linguistic evaluation by the experts, 
a system of fuzzy logical rules of the “IF-THEN, 
ELSE” type is formed in a knowledge base (KB):

IF ( x a1 1
11= ) AND ( x an n= 11 ) (weight w11 ) OR

( x a k
1 1

1 1= ) AND ( x an n
k= 1 1 ) (weight w k1 1

) 
THEN

y d= 1 , ELSE
IF ( x am

1 1
1= ) AND ( x an n

m= 1 ) (weight w11 ) OR
( x amkm

1 1= ) AND ( x an n
mkm= ) (weight w k1 1

) 
THEN

y dm= .
The next stage is the process of determining the 

minimum required number of the most important 
(informative) research parameters for each known 
class of cyberattacks, represented as fuzzy sets of lin-
guistic variables that will describe them sufficiently. 
For example, for known generalized classes of cy-
berattacks as defined in KDD Cup 1999 Data: User 
to Root (u2) – unauthorized access to the privileged 
user (root), Remote to Local (r2l) – unauthorized re-
mote access in order to gain access to the account, 
Denial of Service (dos) – disruption of the system ser-
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vices in order to bring the service (server) to the de-
nial of service to users, Probe – obtaining information 
about the target host based on scanning and probing 
will need only 4 fuzzy sets of the most significant 
linguistic variables.

For example, for the existing in KB fuzzy rules of 
network traffic telemetry analysis with division into 
classes of cyberattacks according to KDD Cup 1999 
Data [12]:

X x x xu r2 1
1

1
2

1
41= …{ }, , , ,

X x x xr l2 2
1

2
2

2
41= …{ }, , , ,

X x x xdos = …{ }3
1

3
2

3
41, , , ,

X x x xprobe = …{ }4
1

4
2

4
41, , ,

allows to identify many of the most informative vari-
ables:

X x x xu r
m

2 1
1

1
2

1
' , , ,= …{ } ,

X x x xr l
m

2 2
1

2
2

2
' , , ,= …{ } ,

X x x xdos
m' , , ,= …{ }3

1
3
2

3 ,

X x x xprobe
m' , , ,= …{ }4

1
4
2

4 ,
where m  is the number of minimum required informa-
tive variables to determine the class of cyberattacks.

The next step is the formation of new additional 
rules in the KB by applying an intersection operation 
(∩ ) of fuzzy sets for previously existing rules Xi  
and Xi

' :

 ∀ ∈ ( ) = ( ) ( ){ }∩ ′ ′x X x x xX X X X�µ µ µmin ;  (9)

Therefore, for the model of detection of cyber-
attacks on the basis of the theory of fuzzy sets and 
fuzzy logic in conditions of uncertainty of the data 
to be processed, the possibility of their analysis with 
the minimum required completeness of the set of 
fuzzy rules is added, which allows to detect poly-
morphic cyberattacks created on the basis of known 
and described, because the most significant signs of 
intrusions characterize the body and their vector of 
influence.

By using ∪  (OR) ∩  (І) operations, the above 
system of logical statements is given as follows:

p

k

jp
i

n

i i
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j

j

w x a y d j m
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→ = =

1 1

1∪ ∩ , , �  (10)

Calculation of values of multidimensional mem-
bership functions for expert solutions, which may 
arise in an information system or network at fixed 
values of the input parameters specified above, is pre-
sented in the form of the following system of fuzzy 
logic equations with the replacement of their linguis-
tic terms with the corresponding membership func-
tions, and operations ∩  and ∪  on ∧  and ∨ :

µ µd
n p

k

jp i

n
jp

i
j

j

x x x w x j m1 2 1 1
1, , , , ,…( ) = ( )













=∨ ∧
= =

� (11)

where ∧  is the fuzzy logic AND, ∨  is the fuzzy log-
ic OR.

Since operations ∧  and ∨  in the theory of fuzzy 
sets meet operations max  and min , then:

µ µd
n p k jp i n

jp
i

j

j
x x x max w min x1 2 1 1

, , ,…( ) = ( )













=

,

,j m1
(12)

As a decision on the state of a system or network 
based on a fixed vector of input values (network traf-
fic telemetry, log (pcap)-files of IDS, parameters of 
the hardware of hosts or their combination) is deter-
mined the result with the maximum value obtained 
as a result of convolution of functions of belonging 
of the terms of fuzzy rules of description of cyberat-
tacks and corresponding weight coefficients.

Therefore, the model of detection of cyberat-
tacks on information systems or networks of objects 
of critical infrastructure, which, unlike the existing 
ones, allows to detect zero-day intrusions based on 
the identification of polymorphic cyberattacks, as 
well as solve the problem of detecting cyberattacks 
in real time with the necessary completeness by 
forming additional fuzzy rules based on the defini-
tion of the most significant features for each class of 
cyberattacks.
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A STATUS OF CELLULAR IMMUNITY IN BACTERIAL 
DYSBIOSIS AND BACTERIAL VAGINOSIS

Abstruct. Systemic immunodeficiency contributes to the development of bacterial dysbiosis 
and bacterial vaginosis (BV), therefore, it is relevant to study the systemic response of the immune 
system, particularly its cellular component, and to search for informative criteria of the pathological 
process development.

Purpose of the study was to determine the status of cellular immunity by populations of 
T-lymphocytes in normocenosis, bacterial dysbiosis and BV.

As result in dysbiosis and BV, CD3 and CD4 T-cell immunodeficiency was identified. IRI is 
a diagnostic factor both for the formation of dysbiosis and for the diagnostics of BV. The model 
proposed allows us to predict the probability of development of BV with a high level of confidence.

Keywords: bacterial vaginosis, T-cell immunodeficiency.
Bacterial vaginosis (BV) is a common but poorly 

studied disease of the vagina, which promotes the de-
velopment of local and systemic immunodeficiency 
and facilitates the transmission of human immunode-
ficiency virus (HIV) [1, 219–228], papillomavirus and 
cervical cancer [2, 9–18; 3, 553–558]. The problem of 
BV is very important for global health, because vaginal 
microbiota with high levels of streptococcus or entero-
bacteria, vaginal candidiasis and trichomoniasis causes 
an increased risk of pelvic inflammatory disease, pre-
term birth and infections for mother and newly born 
child [4, 859–864]. Over the last decade, an incidence 
of BV has doubled and ranges from 26% to 40–45%  
[5,  472; 6]. For example, in the United States BV affects 
29% of women, and in sub-Saharan Africa, where HIV 
is wide spread – 52% of women [7, 505–23].

BV is not usually associated with the redness, 
swelling, or pain observed in classical inflammation, 
so it is called “vaginosis”, not “vaginitis” [8, 555–63]. 
However, BV is related to “subclinical” inflammation 
of the genitals, which is determined by the hyperre-
active response of the immune system [9, 965–76]. 
According to [10, 156–62], dysbiosis and BV are the 
main factors contributing to the persistent inflamma-
tion of the genital organs and facilitating HIV infec-
tion among such women.

It is the lack of local immunity that is an impor-
tant factor for the occurrence of BV [11, 1399–1405; 
12, 103–7]. The reason may be the ability of bacteria 
forming symbiote in BV to form an active biofilm, 
which causes suppression of the immune system, 
chronicity of the process, and resistance to antibi-
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otic therapy [13]. In general, dysbiosis and BV are 
characterized by a decrease of systemic and local in-
flammatory response [14, 1–5], which, as found in 
the study [15, 481–7], correlates with an increase 
of Gardnerella vaginalis and Mycoplasma hominis.

Therefore, according to the foregoing, it is rel-
evant to study the systemic response of the immune 
system, in particular of its cellular component, and 
to search for informative indicators of the pathologi-
cal process.

Purpose of the study was to determine the status 
of cellular immunity by populations of T-lympho-
cytes in normocenosis, bacterial dysbiosis and BV.

Material and methods
This study examined 298 women aged from 16 

to 64 who saw gynecologist for a preventive exami-
nation or with complaints of genital discomfort of 
various degrees of manifestation. Subsequent ob-
servation excluded patients who had at least one of 
the definitely pathogenic microorganisms (Tricho-
monas vaginalis, Neisseria gonorrhoeae, Chlamydia 
trachomatis and Herpes Simplex Virus 1, 2) in the 
material taken. Presence in the smear of more than 
15–20 leukocytes, which indicated of an inflamma-
tory reaction, was also the reason for exclusion from 
the number of patients.

During the examination, scraping of epithelium 
from the posterolateral vaginal paries was made us-
ing a urogenital probe. Molecular-genetic studies 
were performed using polymerase chain reaction 
(PCR) method. DNA was extracted using a kit of re-
agents “Proba-GS” (“DNK-Technologiia” LLC, RF). 
Amplification of tubes with the reaction mixture 
was performed in the amplifier “DTLite” (“DNK-
Technologiia” LLC, RF) using the amplification 
programs recommended by the manufacturer of the 
reagent kit. Investigation of vaginal biocenosis status 
was performed using the real-time PCR test system 
“Femoflor 16”, which allowed to quantify the biota 
[16, 30] by the following indicators: total bacterial 
mass (TBM), normobiota (Lactobacillus spp.; NB), 
obligate anaerobes (Atopobium vaginalis, Eubacte-

rium spp., Gardnerella vaginalis, Prevotella bivia, Por-
phyromonas spp., Lachnobacterium spp., Clostridium 
spp., Megasphaera spp., Veilonella spp., Dialister spp., 
Mobilunory spp., Mobiluncus spp. Peptostreptococ spp., 
Sneathia spp., Leptotrihia spp., Fusobacterium spp.), 
Facultative anaerobes (Enterobacteriaceae spp., Staph-
ylococcus spp., Streptococcus spp.), mycoplasmas (Ure-
aplasma urealyticum + parvum, Mycoplasma hominis 
+ genitalium) and yeast-like fungi (Candida spp.).

Criterion for the distribution of patients into 
groups was an index of conditionally pathogenic 
microflora (ICPM), which was calculated as the dif-
ference between the sum of all conditionally patho-
genic microorganisms and the number of lactobacilli 
in lg GE/sample. In normocenosis ICPM was lower 
than –3 lg GE/sample (first group, n = 53); in grade 
I dysbiosis it was from –3 to –1 lg GE/sample (sec-
ond group, n = 128); and in grade II dysbiosis (BV) 
it was more than –1 lg GE/sample (third group,  
n = 117) [17, 54–7; 18, 36–41]. In addition, groups 
with dysbiosis were subdivided into subgroups by 
normobiota indicator (NBI), which was calculated 
as the difference between TBM and lactobacilli (in lg 
GE/sample). In the 2nd group there are three sub-
groups: 1st subgroup – with NBI ≤ 0.3 lg GE/sample 
(n = 23), 2nd subgroup – with NBI from 0.3 to 1.0 lg 
GE/sample (n = 83), and 3rd subgroup – with NBI > 1 
lg GE/sample (n = 22). In the 3rd group there are two 
subgroups: 1st subgroup – with NBI ≤ 1 lg GE/sample 
(n = 34), and 2nd subgroup – with NBI > 1 lg GE/
sample (n = 83). The maximum degree of dysbiosis 
was recognized in the 2nd subgroup of the 3rd group, 
which corresponded to the condition of BV [16].

Subpopulations of T-lymphocytes in the blood 
were quantified using the method of their visualiza-
tion in the rosette formation reaction with mono-
clonal antibodies to T-lymphocytes (CD3), T-lym-
phocytes helper (CD4), and T-lymphocytes killers/
suppressor (CD8) using erythrocyte diagnostic 
tubes manufactured by “Granum” NPP (Ukraine). 
Lymphocyte suspension was separated on a density 
gradient d = 1.077 (“Granum” NPP, Ukraine). The 
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ratio CD4/CD8 (immunoreactivity index – IRI) was 
calculated.

For descriptive statistics, arithmetic mean value 
(M) and standard error of mean (m), median (Me), 
1st and 3rd quartiles (Q1; Q3) were used. Variation 
series were compared using the Student’s test (t), 
single- and multi-factor analysis of variance (cri-
terion F). Paired independent data samples were 
compared using Mann-Whitney (U) test. Influence 
of factor variables on the dependent indicators was 
investigated using linear regression analysis. Regres-

sion coefficients (β), probability of their contrast 
to the main hypothesis, Wald-statistics value and 
the maximum probability coefficient for nonlinear 
models were calculated. Operational characteristics 
were evaluated using ROC-diagrams. Significance of 
all the variations was taken at p <0.05. Statistica 10 
software package (StatSoft, Inc., USA) was used for 
statistical processing of the obtained data.

Results and Discussion. Indicators of cellular 
immunity in patients with normo- and dysbiosis are 
given in (Table 1).

Table 1. – Indicators of cellular immunity (M ± m)

Group, subgroup Leucocytes,G/l CD3, G/l CD4, G/l CD8, G/l ІРІ, rel. 
units

1st (normocenosis). n=53 6.104±0.162 1.103±0.042 0.629±0.018 0.408±0.009 1.592±0.060

2nd (grade I  dys-
biosis). n=128

1st, n=23 6.478±0.296 1.147±0.063 0.681±0.037 0.428±0.015 1.631±0.104

2nd, n=83 7.142±0.180 1.165±0.031 0.690±0.019 0.414±0.006 1.695±0.054
3rd, n=22 7.476±0.337 1.159±0.058 0.469±0.020 0.422±0.015 1.140±0.061

3-я (grade II dys-
biosis. n=117

1st, n=34 8.658±0.258 0.595±0.014 0.442±0.011 0.414±0.011 1.094±0.041

2nd, n=83 10.122±0.183 0.413±0.007 0.353±0.007 0.508±0.009 0.709±0.017
Statistical procedure of comparison of the results (р)

p(MW)1 0.282 0.527 0.190 0.218 0.709
p(MW)2 0.001 0.276 0.048 0.758 0.309
p(MW)3 0.001 0.446 <0.001 0.496 <0.001
p(MW)4 <0.001 <0.001 <0.001 0.811 <0.001
p(MW)5 <0.001 <0.001 <0.001 <0.001 <0.001
F 58.834 126.594 73.392 23.089 72.095
р <0.001 <0.001 <0.001 <0.001 <0.001

Notes: probability of discrepancies between the corresponding indicators in 1st and 2nd groups using Mann-
Whitney test: p(MW)1 – in the 1st subgroup of the 2nd group, p(MW)2 – in the 2nd subgroup of the 2nd group, 
p(MW)3 – in the 3rd subgroup of the 2nd group, p(MW)4 – in the 1st subgroup of the 3rd group, p(MW)5 – in the 2nd 
subgroup of the 3rd group; F – result, and p – probability of the dispersion analysis of variance of differences of the 
corresponding indicators among the subgroups

Number of leukocytes in the blood under con-
dition of normocenosis was slightly higher than 
the normal one (4.4–5.5 G/l [19, 960]). As the 
patients in 1st group did not experience inflamma-

tory processes and/or infectious diseases, we con-
sidered these values to be the normal variant.

As dysbiosis progressed, progression of leukocy-
tosis was also observed (Fig. 1). Thus, the content of 
leukocytes in comparison with the 1st group was in-
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creased by 1.2 times in the 2nd group (p = 0.001), by 
1.4 times in the 1st subgroup of the 3rd group and by 
1.7 times in 2nd subgroup of the 3rd group (p <0.001 
in both cases). Therefore, under conditions of devel-

opment of BV (2nd subgroup of the 3rd group), leuko-
cytosis acquired the maximum value and exceeded 
such values in grades I and II dysbiosis (by 1.4 times 
and 1.2 times respectively; p <0.05 in both cases).

Figure 1. The absolute number of leukocytes in the blood (G/l) depending on the 
grade of dysbiosis; statistical significance of the differences is shown in Table 1

Figure 2. Content of T‑lymphocytes in the blood by fractions (CD3, CD4 and 
CD8) (G/l; right axis) and IRI value (rel. units; left axis) depending on the grade 

of dysbiosis; statistical significance of the differences is shown in Table 1

CD3 is a multiprotein membrane complex that 
is present on the surface of T-lymphocytes and 
is the major coreceptor of T-cell receptor (TCR) 
[20, 576]. Due to this, CD3 is a major marker of T-

lymphocytes. As we can see from Table 1, in grade 
I dysbiosis (2nd group) in comparison with the 1st 
group (normocenosis) CD3 content in the blood did 
not actually change, whereas in grade II dysbiosis (3rd 
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group) it was reduced – by 1.8 times in the 1st sub-
group and by 2.7 times in the 2nd subgroup (p <0.001 
in both cases).

Such dynamics (Fig. 2) indicated the develop-
ment of deep grade dysbiosis of CD3-lymphocy-
topenia. Accentuated decrease in the number of 
CD3-lymphocytes in the blood was a characteristic 
of BV, when it was statistically significantly lower 
than in the case of grade II dysbiosis (by 1.4 times; p 
<0.001). It indicated the progression of T-cell immu-
nodeficiency with increasing severity of dysbiosis. 

CD4 is a monomeric transmembrane glycopro-
tein that belongs to the immunoglobulin superfamily 
and is a marker of T-helper cells [20]. It is expressed 
on thymocytes (80–90%), mature T-lymphocytes 
(65% of T-helper cells), monocytes, macrophages, 
Langerhans cells, dendritic cells.

In our study, we observed a significant decrease 
in the number of CD4-lymphocytes in the blood 
in severe dysbiosis, namely in the 3rd subgroup of 
the 2nd group and in the 3rd group, by 1.3–1.8 times 
(p <0.001 for all these observations). To a maximum 
extent (by 1.8 times; p <0.001), CD4-lymphocyte 
content was reduced in BV, when it was significantly 
lower than in dysbiosis (by 1.3 times; p <0.05). Also, 
inhibition of T-lymphocytic component in BV was 
identified [21], which the authors associate with a 
decrease in predominantly gamma-delta-TcR T-lym-
phocytes, which recognize non-peptide microbial 
antigens, similar to NK-cells.

CD8 is transmembrane glycoprotein, which is 
a coreceptor of T-cell receptors (TCR). Like TCR, 
CD8 has the ability to bind to a class I major his-
tocompatibility complex molecule [20]. Most of 
CD8 is represented by peripheral T-lymphocytes as 
a disulfide-linked alpha-chain homodimer, which is 
a marker of subpopulation of cytotoxic T-lympho-
cytes and T-suppressors. On the mature T-cells, ei-
ther CD8 or CD4 is expressed.

In our study, in normocenosis and dysbiosis con-
tent of CD8-lymphocyte in the blood was almost 
the same (see Table 1 and Figure 2). 2nd subgroup 

of the 3rd group was the exception – patients with 
BV showed a significant increase in content of CD8 
lymphocytes in their blood (by 1.2 times compared 
to those in normocenosis; p <0.001).

Presence of pre-existing trends showing chang-
es in CD3, CD4, CD8 lymphocyte content in the 
blood, and IRI values in the development of dys-
biosis and BV, was confirmed by analysis of vari-
ance estimates among the subgroups (see Table 1): 
F value was from 23.1 to 126.6 (p <0.001 for all the 
indicators).

Thus, in dysbiosis, there was a gradual, as-
sociated with an increase of severity, increase of 
CD3- and CD4-lymphocytes in the blood, which 
was expressed to a maximum extent in case of BV. 
This allowed us to establish the progression of 
T-cell immunodeficiency in the development of 
dysbiosis. In contrast, the response of cytotoxic T-
lymphocytes and T-suppressors (increase in CD8 
content in the blood) was observed only in case 
of BV, which evidenced the development of com-
pensatory activation of the cellular component of 
immune system.

The revealed pattern was confirmed and quanti-
fied by the dynamics of IRI (see Table 1 and Figure 
2). In the 3rd subgroup of the 2nd group and in the 3rd 
group, IRI was significantly reduced in comparison 
with normocenosis (by 1.4–2.2 times; p < 0.001). 
Moreover, in case of BV, IRI was reduced to the 
maximum extent – by 2.2 times in comparison with 
normocenosis, and in by 1.5–1.6 times in compari-
son with the indicators in dysbiosis (p < 0.001 in 
all cases).

The analysis of variance (Table 2) confirmed the 
revealed differences of IRI among the groups of pa-
tients with normocenosis (1st group) in comparison 
with dysbiosis (2nd and 3rd groups). When analyzing 
the quantitative data, it was found that the value of 
IRI can be considered a diagnostic marker of devel-
opment of dysbiosis. IRI is less than Q1 = 1.340 rel. 
units was the limit below which the dysbiosis could 
be statistically diagnosed (F = 20.47; p < 0.001).



A STATUS OF CELLULAR IMMUNITY IN BACTERIAL DYSBIOSIS AND BACTERIAL VAGINOSIS

19

Table 2. – Values of IRI in normocenosis and dysbiosis

Indicators
Groups

F p1st group (normocenosis), 
n=53

2nd and 3rd groups (grade I and 
II dysbiosis), n=245

M±m 1.592±0.060 1.222±0.036
20.47 < 0.001

Me (Q1; Q3) 1.543 (1.340; 1.805) 1.081 (0.758; 1.335)
Notes: M ± m – mean value and standard error of the mean; Me (Q1; Q3) – median, 1st and 3rd quartiles; F – 

Fisher’s criterion for analysis of variance; p – statistical significance of differences among groups (accepted at p <0,05)

Analysis of the effect of IRI on the development 
of BV compared to dysbiosis was performed when 
comparing the data of variance analysis of IRI values   

in all the subgroups with dysbiosis with the 2nd sub-
group of the 3rd group (Table 3).

Table 3. – IRI values in dysbiosis and bacterial vaginosis

Indicators

Groups

F p2nd group and 1st subgroup 
of the 2nd group (dysbiosis), 

n=162

2nd subgroup of the 3rd group 
(BV), n=83

M±m 1.484±0.040 0.709±0.017 186.032 < 0.001Me (Q1; Q3) 1.401 (1.081; 1.805) 0.700 (0.595; 0.800)
Notes: M ± m – mean value and standard error of the mean; Me (Q1; Q3) – median, 1st and 3rd quartiles; F – 

Fisher’s criterion for analysis of variance; p – statistical significance of differences among groups (accepted at p <0,05)

It is established that Q1-Q3 intervals for IRI in 
groups of patients with dysbiosis and BV do not inter-
sect. In this regard, IRI less than 0.800 rel. units may be 
considered as a margin, below which there is a prob-
ability of BV development (F = 186.032; p < 0.001).

The fundamental possibility of predicting the 
development of dysbacteriosis and BV using math-

ematical models of immunity disorders is justified by 
[22]. According to [23], the need to find optimal and 
simple prognostic models is an important modern 
problem, especially in the context of the tendency 
of BV to become chronic.

Table 4. – Statistical significance of indicators, logistic regression 
coefficients and their probability for the dependent variable PBV

Indicators Wald β-coef. ±SEβ ВІ±95% t p
IPI 46.764 –10.546 1.542 –(13.568–7.523) –6.826 < 0.001
Independent 
indicator 46.655 9.305 72.922 6.635–11.976 6.820 < 0.001

Notes: Wald – resulting value of Wald-statistics; β – regression coefficient; ± SEβ – regression coefficient error; 
BI ± 95% – 95% confidence interval; t – Student’s coefficient; p – significance of differences compared to the main 
hypothesis (accepted at p <0,05)

Logistic regression analysis was performed to cal-
culate the probability of BV development. IRI values 
were used as a factor trait. Presence or absence of BV 

was the resulting feature (categorical values “YES” 
and “NO” were assigned indicator values: “1” and 
“0” respectively). When developing analysis model, 
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245 patients with dysbiosis were engaged, 83 pa-
tients among them had BV. To evaluate the contri-
bution of IRI values to the probability of BV predic-
tion (PBV), analysis of the resulting Wald-statistics 
value was conducted. β-coefficients of the regression 
equation, their standard errors, confidence intervals, 
and significance of differences compared to the main 
hypothesis were calculated (Table 4).

Calculated β-coefficients of the regression equa-
tion, their standard errors and confidence intervals 
indicate of the presence of adverse relation of IRI 
with the probability of BV development (t = –6,826; 
p < 0.001 compared with the main hypothesis). Op-
erational characteristics of the developed model, cal-
culated using ROC-analysis, showed the satisfactory 
quality: AUC = 0.961 ± 0.011 (CI ± 95% 0.940–0.983; 
p < 0.001). Assessment of the model from the point of 
view of conformity with the used regression construc-
tion method also had satisfactory parameters: –2log = 
=115,426 (χ2 = 198,281; p < 0.001; df = 1). Accuracy 
of the error-free detection of BV was 91.0%.

Thus, it was determined that IRI is a diagnostic 
factor both for formation of dysbiosis and for diag-
nostics of BV. The model proposed meets the quality 
criteria and allows us to predict the probability of BV 
development with a high degree of certainty.

Conclusions
1. In dysbiosis on the background of general leu-

kocytosis, there was a gradual, related to the progres-
sion of severity of dysbiosis, decrease in the content 
of blood of CD3- and CD4-lymphocytes, which was 
expressed to a maximum extent in BV. This allowed 
us to establish the progression of T-cell immunode-
ficiency in the development of dysbiosis.

2. The response of cytotoxic T-lymphocytes and 
T-suppressors (CD8) was observed only in BV. IRI 
was a diagnostic factor both for the formation of dys-
biosis (IRI < 1.340 units) and for the diagnostics of 
BV (IRI < 0.800 units).

3. Regression model developed meets the re-
quired criteria and allows us to predict the probabil-
ity of development of BV with an accuracy of 91.0%.
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BIOLOGICALLY ACTIVE SUBSTANCES OF CEPHALARIA 
GIGANTEA GROWING IN GEORGIA

Abstract. Among the biologically active substances, the roots of Cephalaria gigantea mainly 
contain alkaloids, phenolic compounds and triterpene glycosides. Studies have shown that the total 
amount of saponins is less than 14 glycosides. Eleven individual compounds have been isolated, 
named giganteosides A, B, C, D, E, F, G, H, I, J, J’, K, L,

Antifungal and antiprotozoal activities of several giganteosides and enriched fractions have been 
evaluated. The alkaloid fraction has shown an antimalarial effect. Monodesmosides – giganteosides D 
and E were evaluated for their cytotoxicity against human non pigmented melanoma MEL-5 and human 
leukemia HL-60. Of exceptional importance is the anticonvulsive effect of the aqueous extracts of C. 
gigantea roots in pentylenetetrazol and audiogenic seizure models, with minimal toxic effects.

High-performance liquid chromatography method has been developed for the qualitative 
detection of the phenolic compounds. This method will be used for the standartization of the expected 
anticonvulsive drug form.

Keywords: Triterpene saponins, giganteoside, HPLC, antifungal, anticonvulsive activity.
Cephalaria gigantea (Ledeb.) Bobr. (fam. Dip-

sacaceae) is an endemic plant of Caucasus. Among 
the biologically active substances, the roots of the 
plant mainly contain alkaloids, phenolic compounds 
and triterpene glycosides [1–2]. In folk medicine, 
the aqueous extract of the roots of Cephalaria has 
been used successfully to treat epilepsy [3].

In order to identify biologically active substances 
and to determine their pharmacological activities, 
we have developed an effective method of separa-
tion and purification the sum of saponins from the 
roots of the plant, fractionation and division into 
individual compounds.

Studies have shown that the total amount of sa-
ponins is less than 14 glycosides. Eleven individual 

compounds have been isolated, named giganteosides 
A, B, C, D, E, F, G, H, I, J, J’, K, L, M, N. The chemical 
structures of individual molecules were established 
on the basis of physical-chemical methods, by 1D 
and 2D NMR experiments (1H, 13C, gs-COSY, gs-
HMBC, gs-HMQC and gs-HSQC-TOCSY) and 
mass spectrometry (MALDI-TOF, ESI-HR-MS) 
[4–9].

Giganteosides are the derivative of two agly-
cones – oleanolic acid and hederagenin.

Giganteoside D – α-L-Rhap(1→2)-β-D-
Xylp(1→3)- oleanolic acid;

Giganteoside E – α-L-Rhap(1→2)-α-L-
Rhap(1→2)-β-D-Xylp(1→2)-α-L-Arap(1→3)- hed-
eragenin;
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Giganteoside G – α-L-Rhap(1→2)-β-D-Xylp 
(1→3)-oleanolic acid –28-O-β-D-Glcp;

Giganteoside H – α-L-Rhap(1→2)-α-L-Rhap 
(1→2)-β-D-Xylp(1→2)-α-L-Arap(1→3)- hederagenin- 
28-O-β-D-Glcp;

Giganteoside I–α-L-Rhap(1→4)-β-D-Glcp 
(1→4)-[α-L-Rhap(1→2)]-α-L-Arap

(1→3)- oleanolic acid- 28-O-β-D-Glcp(1→6)-β-
D-Glcp;

Giganteoside J–β-D-Glcp(1→3)-α-L-Rhap 
(1→2)-α-L-Arap(1→3)- hederagenin – 28-O-β-D-
Glcp(1→6)-β-D-Glcp;

Giganteoside J’– α-L-Rhap(1→3)-β-D-Glcp 
(1→3)-α-L-Rhap(1→2)-α-L-Arap(1→3)- heder-
agenin – 28-O-β-D-Glcp(1→6)-β-D-Glcp;

Giganteoside K – α-L-Rhap(1→4)-β-D-Glcp 
(1→4)-[α-L-Rhap(1→2)]-α-L-Arap

(1→3)- hederagenin – 28-O-β-D-Glcp(1→6)-β-D-
Glcp;

Giganteoside L – α-L-Rhap(1→2)-β-D-GlcAp 
(1→3)-hederagenin-28-O-β-D-Glcp(1→6)-β-D-Glcp;

Giganteoside M – β-D-Galp(1→2)-β-D-GlcAp 
(1→3)- oleanolic acid 28-O-β-D-Glcp(1→6)-β-D-
Glcp;

Giganteoside N – β-D-Galp(1→2)-β-D-GlcAp 
(1→3)- hederagenin – 28-O-β-D-Glcp(1→6)-β-D-
Glcp.

Saponins containing glucuronic acid in the sugar 
chain were reported for the first time in Cephalaria 
species.

It has been established that the roots of Cepha-
laria from different regions of Georgia, do not differ 
from each other in the content of biological active 
components.

Biological studies have shown the antifungal, an-
tiprotozoal, cytotoxic and anticonvulsant effects of 
Cephalaria root’s saponins extract, alkaloid fraction 
and individual glycosides [10–13].

The fungicidal and antiprotozoal activities of in-
dividual substances and enriched fractions from the 
roots of Cephalaria were studied in the Laboratory 
of Botany and Parasitology of the faculty of Phar-

macy at the University of Mediterranean (Marseille, 
France).

The antifungal activity of saponins has been de-
termined against yeasts and dermatophytes with an 
agar dilution method as previously described [14]. 
The tested concentration range was 1–2 mg/ml for 
crude extract, and 0.06µg/ml to 200 µg/ml for the 
individual compounds. The reference antifungal 
agents were amphotericin B for yeasts and ketokona-
sole for dermatophytes. The minimal inhibitory con-
centration of saponins has been determined.

The highest antifungal activity was obtained with 
monodesmoside – giganteoside E (MIC12.5µg/ml), 
which confirms the higher activity of hederagenin 
derivatives compared with glycosides of oleanolic 
acid. The most sensitive yeast species were Candida 
glabrata and C, kefyr.

The antiprotozoal activities against Leishmania 
infantum and Trichomonas vaginalis have been 
evaluated as described in [15]. The inhibitory con-
centration (IC50) and letal dose (LD100) were de-
termined with amphotericin B and metronidazole as 
references, respectively.

The most active product against Trichomonas 
vaginalis is a mixture (50/50) of monodesmosides – 
giganteosides D+ E (IC50 1–2.5µg/ml). Gigante-
oside E with aglycone as hederagenin has shown 
more strong activity (IC2.5–5µg/ml) than gigante-
oside D (IC5µg/ml).

No significant activity was detected against 
Leishmania infantum. The synergism of activity has 
been found in the case of mixture of two monodes-
mosides (50:50).

Monodesmosides – giganteosides D and E were 
evaluated for their cytotoxicity against human non 
pigmented melanoma MEL-5 and human leuke-
mia HL-60 cell line by using the metabolic MTT 
or WST1 cell viability assay, campthotecin was 
used as positive control [16]. The tested com-
pounds exhibited interesting antiproliferative ef-
fect on human cell lines with IC50 values in the 
range 3.15–7.5µM.
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The leukemia HL-60 line was more sensitive to 
these monodesmosides and the most active product 
against HL-60 was giganteoside D (3.15 µM) com-
pared with giganteoside E (6.8 µM). The cytotoxic 
activity may be related to the rhamnose residue of 
the sugar chain attached at C3 of the aglycone as it 
has been reported previously [17].

Preliminary phytochemical analysis showed the 
presence of 0,2% alkaloids in the plant’s roots. These 
include 3 known alkaloids: gentianine, gentianidine, 
gentianaine. Alkaloid containing fractions of the 
roots of C. gigantea were active against Plazmo-
dium falciparum, a parasite that causes malaria 
(IC50–27.4µl) [2].

The anticonvulsive effects of the aqueous ex-
tract of C. gigantea was studied using pentylentet-
razol (PTZ) and audiogenic seizure models (The 
Krushinsky-Molodkina and Wistar rat strains). In 
PTZ-model onset of tonic-clonic seizures, latencies 
to the beginning of the seizure activity and mortality 
and similarlyin audiogenic seizures behavioral con-
vulsive reactions, facial automatisms and latency to 
wild running were evaluated.

It was shown that the aqueous extract demon-
strates anticonvulsant properties as in both model, 
as in both routs of administration -peroral and intra-
peritoneal. Extract appeared most effective in case of 
preliminary repetitive administration: in PTZ model 
seizures were eliminated in 9 of 10 animals and in 
audiogenic model convulsive response was no more 
observable during 7 days of treatment termination.

It was found also that sedative properties are char-
acteristic of this antiseizure extract according to the 
sleeping prolongation in barbiturate treated mice. 
Safety of the extract was evaluated in toxicological 
acute and chronic experiments, and consequently it 
is considered a substance of moderate general toxicity.

Strong anticonvulsive effect and a very low toxic-
ity of Cephalaria root’s extract gives an opportunity 
for the creation of a new medicine of plant origin for 
prevention and treatment of psychosomatic forms 
of epilepsy.

Studies have shown higher concentration of 
phenolic compounds (both flavonoids and pheno-
lic acids) in the roots extract of Cephalaria. Up to 9 
compounds were identified.

High-performance liquid chromatography meth-
od has been developed for the qualitative detection 
of the phenolic compounds. The mixture of water 
(0,1%HCOOH) – acetonitrile (0,1%HCOOH) was 
used as a mobile phase with a gradient condition 
(acetonitrile 5% → 40%). All solutions were of HPLC 
purity, the concentrations of the sample and stan-
dards were 10 mg/mL and 1 mg/mL in MeOH, re-
spectively. Solid phase – C18 reversed phase column 
Kinetex XB-Rp18, 250X4.6mm (Phenomenex), run 
time 25 min. UV detection was performed at 254, 
280, 325 and 365 nm.

The following compounds were used as stand-
arts: rutin, caffeic acid, chlorogenic acid, cumaric 
acid, ferulic acid, hyperoside, luteolin and querci-
trin. On the basis on the retention time, using cor-
respoding standards and UV spectra, there have 
been identified 3 main compounds – chlorogenic 
acid, caffeic acid and flavonoid glycoside quercitrin. 
The obtained result allow us to performed standar-
tization of biological and chemical markers of the 
anticonvulsive drug form [18].

Thus, the Cephalaria gigantea is a very perspec-
tive medicinal source due to its large botanical re-
sources in Georgia, a rich chemical composition and 
a wide range of biological activities.
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SYNTHESIS OF NEW ANTICORROSION COATINGS 
BASED ON GOSSIPOL RESIN

Abastract. The article discusses the results of the study of the competitive anticorrosive coatings 
synthesis based on gossypol resin and phosphoric acid. The resistant modified anticorrosive 
coatings are presented as a result of the gossypol resin, 3-chloroxypropane, monoethanolamine and 
diethanolamine interaction. Synthesized anticorrosive compositions based on gossypol resin and 
3-chloroxypropane, which mechanism is characterized not only by the barrier type of protection, 
but also by the acquisition of rust modifying properties with improved physical mechanical and 
technological indicators of high adhesive properties and aging resistance, as well as a wide temperature 
range of plasticity, increased heat and frost resistance have been obtained.

Keywords: gossypol resin, anticorrosion coatings, 3-chlor 1,2-oxypropane (ChOP), monoetha-
nolamine (MEA), diethanolamine (DEA), urotropin, adhesion, range of plasticity, type of protection.

In connection with the need to improve produc-
tion efficiency, there is a necessity to develop new 
technologies that ensure the integrated use of raw 
materials and the disposal of industrial waste, which, 
in turn, lead to preservation of raw materials and im-
provement of the ecological situation.

At present, the need of the Republic of Uzbeki-
stan for anticorrosion materials is provided by im-
port. Creating a technological basis for waste chemi-

cal processing in order to obtain import-substituting, 
anticorrosive commodity products for the needs of 
the country is relevant.

This paper proposes devlopment of physico-
chemical and technological bases for the production 
of anticorrosive materials from waste oil industry.

On the basis of the experimental studies carried 
out using modern chemical and physicochemical 
methods, the corrosion rate was determined by the 
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polarization resistance method on the corrosion rate 
meter R-5035.

It is established that as a result of the interaction 
of gossypol resin tnd 3-chloroxypropane (OCP), 
monoethanolamine (MEA) and diethanolamine 
(DEA) stable modified anti-corrosion coatings are 
formed.

Synthesized anticorrosive compositions based 
on gossypol resin and 3-chloroxypropane (OCP), 
which mechanism is characterized not only by the 
barrier type of protection, but also by acquiring the 
properties of corrosion modifiers, also have several 
advantages from the previous analogs:

– improved physical-mechanical and techno-
logical indicators;

– high adhesive properties and resistance to aging;
– wide temperature range of plasticity, high heat 

and cold resistance.
In the production of cottonseed oil and fatty ac-

ids, lots of secondary products and wastes such as 
gossypol resin and soap stock are generated. It is 
known that gossypol resin is an aromatic compound 
with phenolic, hydroxyl groups and a carbonyl group 
in ortho position to a hydroxyl group.

In the gossypol resin, 12% of nitrogen-contain-
ing compounds, 36% of gossypol conversion prod-
ucts, which retained naphthol hydroxyls and 52% 
of fatty and oxyfatty acids in the form of lactones, 
have been found [1].

The above mentioned resin exhibits acidic prop-
erties as well as properties of phenolic and aldehyde 
compounds. The presence of phenolic, carboxyl, 
carbonyl functional groups allows modification of 
gossypol resin and converts it to a water-soluble state 
[2; 3; 4; 5].

It is known that polyphenols, fatty acids, hydro-
carbons, nitrogen- and phosphorus-containing com-
pounds, as well as gossypol transformation products 
are present in the gossypol resin. The presence of 
naphthalene core compounds in its composition 
also makes the products of gossypol resin thermal, 
chemo- and radiation-resistant, and maket the pres-

ence of phenolic hydroxyls and aldehyde groups re-
active with high complexing properties.

In many respects, it can successfully replace ex-
pensive anti-corrosion coatings, which deficit is felt 
every year. The preparation of anticorrosive materi-
als on the basis of gossypol resin is associated with 
specific features and requires the search for certain 
conditions, as well as the use of non-traditional ad-
ditives – modifiers [3].

In order to reduce costs and improve operation-
al properties, an anti-corrosion coating technology 
based on gossypol resin has been developed and in-
troduced into production. Based on the use of cheap 
and affordable raw materials, the production of anti-
corrosion coatings has a high level of organization 
of technological processes and relatively high eco-
nomic efficiency.

One of the advantages of the obtained bitumen 
anticorrosive composite materials is their versatility. 
In particular, by selection of appropriate modifiers 
and solvents improved anti-corrosion coatings and 
paints can be obtained from them [4].

Today in domestic practice there are over 100 
different compositions for inhibiting the corrosion 
of steel. The disadvantages of the existing anti-corro-
sion materials are their high cost and low accessibil-
ity, as well as the impossibility of use their to combat 
multicomponent salt and acid corrosion.

The use of readily-available gossypol resin and 
its modifications as the basis of the anti-corrosion 
coating is due to the fact that it contains phenol, hy-
droxyl and carboxyl groups that interact with cor-
rosion products and bind iron ions into complex 
compounds of chelate structure [4].

In connection with the foregoing, gossypol resin is 
an effective material against corrosion, provided that 
the appropriate solvents are selected, and another syn-
ergistic enhancing inhibitor. To solve this problem, we 
have used hexamethylenetetramine (СН2)6N4, mono-
ethanolamine (MEA) and diethanolamine (DEA), 
which is one of the most well-known representatives 
of acid corrosion inhibitors [5].
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The fractionation study of gossypol resin, the 
identification of physicochemical and mechanical 
characteristics have formed the basis for the devel-
opment of sustainable anticorrosion compositions 

of a complex nature. Table 1 shows the main param-
eters of the influence of the molar ratio of reagents 
on the composition of the product upon receipt of a 
polymeric anticorrosion inhibitor.

Table 1. – The influence of the molar ratio of reagents on the inhibitor 
composition of the oligomeric antioxidant GHOP. (T = 3380К, t = 2 h)

Molar ratio:
Gossypol: HOP.

Out-
put,%

Average mol.mass. 
(cryoscopic)

Element analysis,%
Carbon Hydrogen

Calculated Found Calculated Found
3:1 72.3 2380 68.1 4.8
2:1 87.7 3450 67.9 5.2
1:1 98.8 4860 69.1 68.8 5.7 5.1
1:2 85.6 3820 69.3 4.9
1:3 79.2 3340 69.2 4.5

The inhibitory corrosion composition prepara-
tion method based on gossypol resin, 3-chloroxy-
propane (OCP) and HMTA, monoethanolamine 
(MEA) and dietаnolamine (DEA) (compositions 
Mir K-1, World K-2, World K-3 and World K-4), 
which solves the problem of eliminating the disad-
vantages. A distinctive feature is that the gossypol 
resin components are available, the preparation tech-
nology and it’s use is simple an intermediate com-
plex. The components can change the nature of the 
interaction of the metal surface with the surround-
ing corrosive medium individually or together and 
thereby, enhance the protective effect of the inhibi-
tors. This technique is of particular relevance for the 
corrosion protection of metal structures in contact 
with multicomponent media and acid solutions.

The optimal ratio of the composition compo-
nents is defined. The corrosion behavior of the metal 
has been evaluated by an electrochemical method 
in accordance with the standard СЭВ 4421–83 on 
samples made of carbon steel (St. 3) 40x40x160 mm 
in size, without corrosive lesions (standard), with 
corrosive lesions (thickness of corrosion products 
from 150 to 300 microns). The corrosion behavior 
of the samples has been evaluated by the nature of 
the anodic polarization curves. The obtained data 
have also been confirmed by the results of chemical 
analyzes. The rate of general corrosion has been es-
timated by weight loss per unit area per unit of time 
(g /m2×h10–3) (Table 2).

Table 2. – Test samples for corrosion resistance in the presence 
of anti‑corrosion coating based on gossypol resin

Inhibitor HS, 
HOP, MEA.

The difference in the 
sample mass, g (day).

Corrosion rate, g / 
m2xx 10–3 (day).

Protective ef-
fect,% (day).

The appearance of 
the sample after 90 
days.7 28 90 7 28 90 7 28 90

1 2 3 4 5 6 7 8 9 10 11
Without processing. 0.0105 0.0567 0.0696 44.4 56.16 22.08 – – – High corrosion.

91:2:0:2,0:4,5:0,5 0.0014 0.0067 0.0742 5.91 7.13 4.48 86.4 88.2 89.6 Medium corrosion.
90:2:2,0:5,5:0,5 0.0010 0.0089 0.0013 4.03 9.22 4.35 90.6 94.3 90.1 Traces of corrosion.
89:2:2,0:6,0:1,0 0.0001 0.0005 0.0009 0.41 0.46 0.29 99.0 99.2 98.2 Clean.
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1 2 3 4 5 6 7 8 9 10 11
88:2:2,0:6,5:1,5 0.0007 0.0008 0.0014 3.47 5.27 1.64 98.2 98.1 97.2 Traces of Corrosion.
87:2:2,0:5,5:1,5 0.0014 0.0019 0.0025 5.1 7.35 3.19 97.2 96.5 95.5 Low Corrosion.

The test results show that the composition of the 
World K system has the properties of reliable pro-
tection at concentrations of components, masses.% 
property Evaluation of the composition as a rust 
converter modifier has been carried out on the basis 
of GOST-6992 visually, according to an eight-point 
scale. Coatings has been applied on unalloyed (a) 

and rusted (b) steel surfaces, about 1.0 mm thick, re-
sistance to the effects of distilled water and 3% solu-
tion NaC1 has been determined (Table 3). Weather-
ing resistance has been measured in the atmosphere 
of the Aral Sea region, which has been considered to 
be a medium aggressive environment for two years. 

Table 3.– The stability of the protective properties of coatings in time in points

№ The name of the test Time, 
Day

Coverage.
1 2 3 4 5

1 Resistance of coatings to static 
exposure to water at T = 20 ± 
2 °C.

а b а b а b а b а b
3
5
7

10
14

1
2
2
1
1

2
1
1
2
1

2
2
2
2
1

1
1
1
1
1

2
2
2
2
1

1
1
1
1
1

1
2
2
2
2

2
1
1
2
1

3
2
3
3
3

2
3
2
3
3

2 The resistance of coatings to the 
static effects of a NaС1 solution
T = 20 ± 2 °C.

3
5
7

10

1
1
1
2

2
1
2
2

2
2
2
2

2
2
2
2

1
1
2
2

2
2
2
2

2
1
3
2

2
2
2
2

3
3
4
3

4
4
4
4

3 Resistance of coatings to atmo-
spheric influences in the city.

182
365
547
730

1
1
2
2

1
1
2
1

2
2
2
2

2
2
2
2

1
1
2
3

2
2
1
2

1
1
3
3

2
2
2
3

3
4
3
4

4
4
4
4

The rate of general corrosion has been estimated 
on a ten-point scale: corrosion rate <0.001 mm / year 
(perfectly resistant), 2 – from 0.001 to 0.003 mm / 
year, 3 – from 0.003 to 0.01 mm / year (very resis-
tant), 4 – from 0.01 to 0.03 mm / year, 5 – from 0.03 
to 0.1 mm / year (resistant), etc. (with each point, 
the corrosion rate increases by about 3 times). The 
10th mark corresponds to a corrosion rate greater 
than 10 mm / year (non-resistant).

All obtained coatings are characterized by 1–2 
points with water resistance up to 14 days, resis-
tance to 3% solution NaC1 to 10 days, and weather 
resistance up to two years. For coating No. 5, salt re-

sistance is characterized by at least 120 hours, but 
water resistance up to 14 days and salt resistance up 
to 7 days have been practically observed.

In all cases, the coating durability was studied 
when applied to a rusty surface. At the same time, 
it should be noted that on samples of coatings de-
posited on rusty surfaces and tested in atmospheric 
conditions in accordance with the allotted time of 
the experiments, no partial rust clearing has been 
observed.

Probably, there was a modification of rust, due to 
the formation of carbon compounds, due to which, on 
a rusty surface, pre-treated with developed coatings, 
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it is possible to apply paintwork material, which is the 
main positive feature of the coating as a rust modifier.

The physical-mechanical indicators of anti-corro-
sion coatings based on gossypol resin, calcium oxide, 

zinc oxide, phosphoric acid, and hex methylene tet-
ramine are shown in (Table 4).

Table 4.–  Physical and mechanical properties of anti‑corrosion 
coatings based gossypol resin

№ The name of indicators Norm of indicators
1 Colour From light brown to brown
2 Appearance. Tar-like.
3 Smell Specific

4 Flash point, °C
315, without solvent

ON with Nefras solvent
5 The adhesion strength metal shear (adhesion), MPa, not less 4,0
6 Impact strength, p / gp, not less 1.9
7 Bend, tgp, no more 7.0
8 The interval of ambient temperature during application, °C 4–45
9 Hydrogen ion index (pH) 5.6–6.1

10 Crystallization temperature, °C Minus 40
11 Hiding power, g/m2, not more 100.0
12 Water absorption,%, not more 0.1
13 Drying time, h, not more 24
14 Expected protection period, days, in atmospheric conditions, not less 1000.0
15 Time of complete formation of the protective layer, days, not more 4–5

Based on the analysis of data (table 4) it can be 
stated that the obtained coatings meet the require-
ments for anti-corrosion coatings by their basic 
indicators. For example, fast drying time, impact 
strength, bending elasticity, high adhesion, and the 
possibility of applying a paint and varnish material 
on these coatings.

Based on the foregoing, it can be considered that, 
due to its specific property, the interaction products 

of gossypol’s resin with other inhibitors can form a 
thin, stable anticorrosive coating with the carbon 
steel surface.

Thus, on the basis of the multi-tonnage waste of 
the fat-and-oil industry – gossypol resin can be easily 
used as new raw material for the production of an-
ticorrosive polymer composite materials. Coatings 
have been tested with a positive result in conditions 
of high salinity at «Mubarekneftegaz» LLC.
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INFLUENCE OF A NANOSTRUCTURAL CATALYST 
IN THE SYNTHESIS OF ALLYLNAPHTHOLS

Abstract. A new methodology was developed for the allylation of naphthols with an agents 
of allylation in the presence of a FeCl3/TiO2-SiO2 nanostructured catalyst, it was found that the 
FeCl3/TiO2-SiO2 catalyst is the most effective catalyst for the synthesis of 1-allyl-2-naphthol.

Keywords: allylation, thin layer chromatography, naphthol, allyl alcohol, allylacetate.
Introduction
Derivatives of naphthols are known by the 

uniqueness of their biological properties, includ-
ing they show antitubercular activity [1] and the 
inhibitory effects on cyclooxygenase I and II [2; 3]. 
Different compounds among naphthols are useful 
as intermediates in organic synthesis. In order to syn-
thesize biologically active allyl derivatives of naph-
thols, Indian scientists used the widely used catalyst 
Amberlyst-15 [4]. When using the Amberlyst-15, 
only C-allylation products-2-allyl-naphthol-1 and 
1-allyl-naphthol-2- are mainly formed, the forma-
tion of O-allyl products under these conditions was 
not observed. Allylation reactions of naphthol-1 
and naphthol-2 with allyl alcohol were carried out 
in the Pd·Et3B catalyst system and selective methods 
for the synthesis of C-allyl product were developed. 

However, the very high consumption of allyl alcohol 
and the yields are low in these reactions [5]. When 
the using following catalysts [Rh(nbd)(CH3CN)2]
PF6, [Rh(nbd)Cl]2; [Rh(nbd)2]BF4, RhCl(PPh3)3, 
[Ir(cod)CH3CN2]PF6, the disadvantage is the low 
reaction yields (up to 33%) [5]. In the reaction, the 
allylation of β-naphthol is allyl tozylate [6] in the 
presense of the catalyst [Rh(nbd)(CH3CN)2]PF6, 
1-allyl-2-naphthol and methyldihydronaphthofuran 
are formed in 38% and 32% yield.

Results and discussion
In this work, we have developed a procedure for 

the preparation of allylnaphthols using FeCl3*6H2O 
and FeCl3/SiO2-TiO2 catalysts. Allylated naphthol 
reactions were studied under various reaction con-
ditions with various reagents: allyl bromide, allyl 
acetate and allyl alcohol. At the first stage, sodium 
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β-naphtholate was obtained by the reaction of 
β-naphthol with sodium ethylate, from its reaction, 

allyl bromide in ethanol synthesized naphthylallyl 
ether in high yield (90%).

ONa

+ CH2 CH CH2 X

O CH2 CH CH2

+   NaX
X=Cl, I

C2H5OH

When using allyl iodide instead of allyl bromide, a decrease in the duration of the reaction was observed.

Table 1. – The results of the reaction of sodium naphtholate with allyl halides

Agents of al-
lylation Solvent Reaction 

duration
The molar ratio of sodium 

naphtholate and allyl halide Yield,%

Allyl bromide ethanol 3 hour 1:1 90
Allyl iodide ethanol 1hour 1:1 92

If sodium naphtholate is reacted with allyl halide 
in non-polar solvents, benzene, C-allyl products are 
formed as a result of the reaction in high yield. The 

structure of the obtained ether was conformed by 
IR spectroscopy.

Table 2. – IR absorption areas, cm–1

O CH2 CH CH2 νс-с
in arom.ring

δсн monosubs. 
arom. ring δс-о-с δс=с

1600
1629 702.8 1216.34

1264.45
811.08
838.25

The results of the chromate-mass spectral analysis of naphthylallyl ether (MassHunter/
GCMS/1/597. Agilent technologies)

m/z =115 

m=15
CH3CO

CH2 CH CH2

m/z = 128

H

m/z = 169

O C CH2

m/z = 183

m/z = 184

O
CH

CH CH2
m=57

O CH2 CH CH2

O
CH2

CH CH2

At the second stage, the rearrangement reac-
tion of the obtained ether in the presence of a cata-

lyst was studied. From literature data it is known 
that allyl aryl ethers are rearranged according to 
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Claisen rearrangement at high or low temperature 
by Lewis acids, but in the presence of Lewis acid, 
polyallylation side reaction occur, and resinous 
products are formed at high temperatures. There-
fore, we carried out the isomerization reaction at 
low temperature in benzene using nanostructured 
oxides of metallic titanium and silicon as a carrier 
of iron (III) chloride. With this catalyst, the reac-
tion proceed under mild conditions at the boiling 
point of the benzene for 3 hours. TLS (thin layer 

chromatography) in an ethyl acetate: hexane: chlo-
roform (1:4:1) solvent system on a Silufol-UV254 
plate determined the progress of the reaction at 
intervals of one hour and determined Rf (Rf =0.84 
naphthylallyl ether), (Rf =0.1 1-allyl-2-naphthol). 
As a result of the reaction, the formation of C-allyl 
and O-allyl products was established. The mixtures 
were separated using Claisen solution (solution of 
potassium hydroxide in methanol). Yield was 68%.

Reaction equation

O CH2 CH CH2

TiO2 SiO2/FeCl3

OH

CH2 CH CH2

6H2O

The reaction mechanism can be proposed as follows

O CH2 CH CH2 TiO2*SiO2/FeCl3·6H2O O
CH2

CH
CH2

Fe
Cl

O
Si

+

CH2 H
CH CH2

O+

Fe
Cl

O Si

OH

CH2

CH
CH2

benzene

Allylation reaction of 2-naphthol under catalytic conditions with allyl alcohol and allyl acetate have also 
been studied.

Table 3. – Reaction conditions of 2‑naphthol with various 
allylating agents and the results obtained

Agents of al-
lylation

The molar ratio of 2-naphthol: 
reagent: catalizator =1:1:10–4

Conditions 
of reaction Products Yield,%

Allyl alcohol FeCl3 · 6H2O benzene, 
3 hour

naphthylallyl ether: 
1-allyl-2-naphthol =1:1 35%

Allyl alcohol TiO2*SiO2/FeCl3 · 6H2O benzene, 
3 hour

naphthylallyl ether: 
1-allyl-2-naphthol =1:3 55%

Allyl acetate FeCl3 · 6H2O benzene, 
3 hour

naphthylallyl ether: 
1-allyl-2-naphthol =1:1 76%

Allyl acetate TiO2*SiO2/FeCl3 · 6H2O benzene, 
3 hour

naphthylallyl ether: 
1-allyl-2-naphthol =1:3 80%
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It was observed that iron (III) chloride with a 
nanostructured catalyst has a higher selectivity for 
the production of mono- and orto- products, ac-
cording to the ratio of iron (III) chloride itself is 
used as a catalyst. This can be explained by the fact 
that iron (III) chloride is adsorbed on the surface 
of the nanocatalyst and forms unstable complexes 
with allylating agent and this reduse the polyallylat-
ing ability of the reagent. Based on the results ob-
tained, it can be said that the reactivity of agents of 

allylation increases in the series allyl alcohol, allyl 
halide, allyl acetate.

The formation of C-allyl and O-allyl products 
also depends on the nature of the solvent, in the 
presence of aprotonic solvents C-allyl products are 
charged; in protonic solvents O-allyl products are 
formed.

The results of the chromate-mass spectral 
analysis of 1-allyl-2-naphthol (MassHunter/
GCMS/1/597. Agilent technologies)

OH

H2C
CH

CH2

OH

HC
CH

CH2m/z = 184

m/z = 183

OH

HC
CH

m/z = 169

H

CH2

CHH2C

m/z = 165

OH

OH

CH2

m/z = 157

CH2 CH CH2

CO
CH3

m=17

m=15CH CH2
m/z =115 

The experimental part
A thin layer chromatographyplate (TLC) DC-Fer-

tigfolien ALUGRAM ® Xtra SIL G/UV254 (Germany) 
was used, the appearance of spots was determined 
under the influence of a UV lamp on the plate. The 
reaction products were identified by IR analysis (Per-
kin Elmer Spectrum IR, Version 10.06.1) and NMR 
H1 and C13 (Unity 400 plus ICPSASR Uz, Si(CH3)4 
standart) Solvent C6D6. MassHunter / GCMS/1 in-
struments were used for chromatographic mass spec-
trometry /597 Agilent technologies)

Experimental part
Preparation of catalysts from nanostructured 

metal oxides and iron (III) chloride FeCl3/TiO2– 
–SiO2

The catalytic system FeCl3/TiO2-SiO2 was pre-
pared as follows FeCl3 · 6H2O and TiO2-SiO2 [7] 
were weighed on an analytical balance in an amount 

of 2 · 10–4 grams. In powder form, both substances 
were melted and mixed in a mortar. It was dried in 
the oven at 50–60 oC for 1 hour, then at 100–120 oC 
also for 1 hour.

Synthesis of allylnaphthyl ether
An alcohol solution of sodium naphtholate is 

poured into a three-necked round bottom flask con-
nected to a stirrer, a dropping funnel and a reflux 
condenser and, with a working stirrer, allyl bromide 
is introduced from the dropping funnel (molar ra-
tio of sodium naphtholate and allyl bromide =1:1). 
The dropping funnel is replaced thermometer, the 
reaction mixture is heated for one hour in a water 
bath at a temperature of 70–80 oC. As a result of the 
reaction, a white precipitate of NaBr is formed. The 
reaction products were identified by TLC (thin lay-
er chromatography) one spot with Rf = 0.84, which 
corresponds to the Rf value of naphthylallyl ether. 
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After cooling the reaction mixture, the precipitate 
was filtered. Ethyl alcohol was distilled under normal 
condotions from the filtrate. The remaining precipi-
tate is naphthylallyl ether. Melting point=31–33 oC.

Synthesis of 1-allyl-2-naphthol
The reaction was carried out in a three-necked 

round bottom flask a capacity of 250 ml. The flask is 
connected to a thermometer and a reflux condenser 
closed by a calcium chloride tube. A solution of naph-
thylallyl ether in benzene is poured in a volume of 6ml, 
2 · 10–4 g of FeCl3/TiO2-SiO2 are added. For 3 hours, 
the mixture is heated at a temperature of 70–80 oC. 
The second spot was identified by TLC (system: eth-
ylacetate: hexane: chloroform=1:4:1), the Rf value of 
which corresponded to o-allylnaphthol Rf = 0.1. The 
reaction mixture was separated using Claisen solution 
and column chromatography (eluent= hexane: eth-
ylacetate = 5:1) Melting point = 53–54 oC. Analysis 

of the PMR spectrum: (400 MHz, C6H6, chemical 
shift of protons, δ, ppm) 3.85 (dm, J = 5.8 Hz, 2 H), 
5.05(dm, J = 17.0 Hz, 1 H), 5.10 (dm, J = 10.2Hz, 1 H), 
5.13 (s, 1 H), 6.06 (ddt, J = 10.2, 17.0, 5.8 Hz, 1 H), 
7.08 (t, J = 8.6 Hz, 1 H), 7.32(t, J = 8.6 Hz, 1 H), 7.47 
(t, J = 8.6 Hz, 1 H), 7.66 (d, J = 8.6 Hz, 1H), 7.78 (d, 
J = 8.6 Hz, 1 H), 7.89 (d, J = 8.6 Hz, 1H).

С13 spectrum 100MHz, CDCl3 d = 29.3, 116.0, 
116.8, 118.0, 123.0, 123.2, 126.5, 128.4, 128.6, 
129.5, 133.3, 135.8, 151.2

m/z C13H12O: 184.0888; 184.0891 (M+,100), 
170 (7), 169(58).

Thanks
We thank for the synthesis of nano-structured 

TiO2-SiO2 to professor of the Turin Polytechnic In-
stitute in Tashkent O. Ruzimuradov. FeCl3 · 6H2O 
belong to Aldrich.
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Abstract: The chemical composition of white and black mulberries has been determined. 
A comparative analysis of different mulberry varieties shows that the white mulberry fruits are 
characterized by a higher content of pectin substances and organic acids than black varieties. It has 
been proposed to use the hot fermentation method to break down pectin substances. Based on the 
studies, the amount of enzyme necessary for the breakdown of pectin substances has been proposed. 
The enzymatic activity of amylase and pectinase in the wastes of apple juice after ultrafiltration. Was 
studied it was found the in the waste a significant amount of enzymes remains that retain their activity, 
which made it possible to assume their repeated use after regeneration.

Keywords: berry, white and black mulberry, pectin substances, hot fermentation, amylase, pectinase, 
regeneration.

Introduction
One of the most important areas in meeting the 

demand of the population for high-quality food 
products is the search and use of little-used and non-
traditional types of local plant raw materials. From 
this point of view, mulberry culture, widespread in 
Uzbekistan and practically not used in food produc-
tion, can serve as a promising raw material for the 
production of various products. The purpose of this 
work is to study the physicochemical fundamentals 
of the mulberry juice production technology [9].

Mulberry is sweet or sweet-sour juicy fruit with 
a delicate aroma. It is used mainly in raw form. In or-
der to use mulberry fruits for food production, their 
chemical composition was investigated.

Objects and research methods
The objects of the research were the fruits of 

white (morus albalinn) and black (morus nugralinn) 

mulberries common in Uzbekistan, as well as the 
waste of mulberry juice after fermentation. The sub-
ject of the research is amylase (Amylase AG 300 L) 
and pectinase (Pectinex Ultra AFP Pectinase) con-
tained in the waste fruit juices after ultrafiltration.

Analysis and processing of the research results 
was carried out by the methods of physicochemical 
analysis.

The applied method for determining the mass 
concentration of carotene is based on photometric 
measurements after extraction from products with 
organic solvents and using column chromatography 
to purify the associated coloring matter. The mass 
fraction of soluble solids was determined using a re-
fractometer. The quantitative content of vitamin C 
was calculated by the results of the potentiometric 
titration after extraction with a solution of hydro-
chloric acid. The content of vitamins B1 and B2 was 
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determined by the method of acid-enzymatic hydro-
lysis using columns with cation exchangers and by 
the measurement of fluorescence intensity using a 
fluorometer. The fixation of organic acids in the stud-
ied samples was carried out by High Performance 
Liquid Chromatography.

When conducting the researches on the content 
of pectin substances, the conventional methods 
of analysis were used: the mass fraction of pectin 
substances was determined by the calcium-pectate 
method, the content of free and methoxylated car-
boxyl groups by the titrimetric method; total num-
ber of carboxyl groups and degree of esterification – 
by calculation method [1].

The results of the pectolytic activity of enzymes 
were obtained on the basis of the method for deter-
mining the products of pectin hydrolysis, which is 
not precipitated by zinc sulfate under the action of 
enzymes of the pectolytic complex under standard 
conditions. To evaluate the activity of amylase the 
Volgemuta method was used [3].

Experimental part
The fruits of white (morus albalinn) and black 

(morus nugralinn) mulberries were taken for the in-
vestigation. The content of water, carbohydrates, or-
ganic acids, minerals and vitamins were taken as the 
main indicators. The obtained results are presented 
in (table 1).

Table 1. – The chemical composition of mulberry fruits,% in wet weight

Indicator Mulberry varieties
white Black

Carbohydrates: 10.54 8.57
Pectic substances 1.7 1.3
Organic acids 1.1 0.8
Minerals 0.45 0.38
Vitamins. mg %
Vitamins. mg %: Carotenes 0.02 0.04

B1 0.04 0.05
B2 0.02 0.04

As the studies have shown that the main compo-
nents of the dry substances of all of mulberry vary in 
the range of 8.57–10.54%. The content of pectic sub-
stances in all samples studied is about 1%. The fruits 
contain a sufficient amount of minerals, vitamins.

A comparative analysis of different varieties of 
mulberry shows that the white fruits of mulberry 
are characterized by a higher content of pectic 
substances and organic acids compared with black 

fruits. The black fruits are superior to the whites on 
the content of vitamins. Soluble pectin is a poly-
saccharide consisting of interconnected residues 
of galacturonic acid, which is presented in it in the 
form of methyl ether.

Under the influence of soluble pectin with the 
diluted alkaline enzyme pectase, methoxyl groups 
can be easily split off – methyl alcohol and free pectic 
acid, which is a polygalacturonic acid, are formed.

Table 2. – Physico – chemical indicators of pectic 
substances of mulberry fruits,% of dry matter

Indicator Mulberry Variety
White Black

Galacturonic acid content 70.3 69.8
Degree of methoxylation 64.8 63.9
Molecular mass 22 000 16 000



PHYSICO-CHEMICAL FUNDAMENTALS TECHNOLOGY PRODUCTIONOF MULBERRY JUICE CONCENTRATE

39

To determine the possibility of using mulberry 
fruits, their pectic substances were investigated. The 
obtained data are presented in (table 2).

The analyses showed that the pectic substances 
of mulberry fruits are characterized by low molecular 
weight, with a not very high degree of methoxylation 
and with a sufficiently high degree of purity (the con-
tent of galacturonic acid is 70.3–69.8%).

The results of chemical analysis of mulberry 
fruits allow us to conclude that it can be used in the 
production of juices.

Enzymes are used to produce high-quality and 
persistent juice concentrates[3–5]. As enzymes, 

it is possible to use amylase and pectinase brands 
Amylase AG 300 LK.F. and Pectinex Ultra AFP 
contains KF.

It is known [6] that the protein of nature pro-
vides enzymes with the ability of proteins to change 
activity depending on various factors. The degree of 
activity change from various factors can be deter-
mined from the rate of the enzymatic reaction. We 
studied the effect of temperature and pH on the rate 
of enzymatic reactions of the enzymes used. When 
studying the influence of any factor on the rate of 
the enzymatic reaction, all other factors remained 
unchanged and had optimal values.

Table 3. – The effect of temperature on the amylase activity of K.F.

Incubation 
temperature, °C Coloring with Iodine Name of the products detected 

on the basis of color
0 blue No decomposition detected

22–30 Orange Incomplete decomposition
45–50 yellow Complete decomposition

85 blue Enzyme inactivation

To determine the effect of temperature on the 
activity of amylase, a known method was used [7]. 
The obtained results are presented in (Table 3).

To determine the effect of temperature on pec-
tinase activity, ethanol test for pectin was used [8]. 
Table 4 presents the experimental data on the effect 
of temperature on pectinase activity.

Table 4 – The effect of temperature on the activity of pectinase K.F.

Temperature incuba-
tion, °C Detection index Name of products detected on the basis 

of color
0 gelformation No decomposition detected

22–30 Heavy precipitation Incomplete decomposition
45–50 Homogeneous system Complete decomposition

85 gelation Enzyme inactivation

Based on the obtained data, it was found that 
the optimum temperature value at which the reac-
tion proceeds at maximum speed is above 50 °C. 
Increasing above the optimum temperature leads 
to a decrease and then stopping of the enzyme ac-
tion, which is associated with denaturation. During 
the transition from optimal to low temperatures, the 
rate of the enzymatic reaction drops and stops at 00C. 
The reason is a decrease in the speed of movement of 

the molecules of the substrates and enzymes, which 
slows down the formation of the enzyme-substrate 
complex and the reaction. As the temperature rises 
from negative values, the effect of the enzymes is 
restored, and the rate of the catalyzed reactions in-
creases.

The effect of pH on the activity of enzymes was 
studied. The obtained results are presented in (tables 
5 and 6).
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Table 5. – The effect of pH on amylase activity

Indicators Test tube numbers
1 2 3 4 5

pH 2.87 4.10 5.33 6.59 7.96
Coloring with iodine brown orange yellow orange brown

It is established that the most optimal is the pH value of 5.33, at which the reaction proceeds at maximum rate.

Table 6. – The effect of pH on pectinase activity KF

Indicators Test tube numbers
1 2 3 4 5

pH 2.87 4.10 5.33 6.59 7.96

detection Gelation Large pre-
cipitation

Homogenous 
system

Flake-like 
precipitation Gel plug

Taking into account that the properties of pectin 
to form jelly adversely affect the yield of the juice, we 

have studied the effect of the quantitative content of 
the enzyme on the yield of the juice.

Table 7. – The effect of enzyme concentration on the physico – chemical 
 indicators of mulberry

Indicator The content of the enzyme% wet weight
0.005 0.01 0.03 0.05

Content of pectic substances.% 1.04 1.1 1.30 1.30
Decomposition degree.% 800 86 100.0 100

Figure 1. The dependence of the yield of black mulberry juice 
on the amount of enzyme injected and temperature

It is known from the literature data that for carry-
ing out the fermentation process, the amount of en-
zyme injected varies in the range from 0.01 to 0.05%, 

depending on the amount of pectin substances. The 
effect of the quantitative content of the enzyme on 
the processing process of black mulberry at room 
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temperature was studied. Pectinase was used as a 
pectolytic enzyme.

On the basis of the obtained data, it was es-
tablished that an increase in the amount of the 
enzyme does not affect the juice yield, it is only 
the temperature that affects. In this connection, it 
is recommended to use the method of hot fermen-

tation for the decomposition of pectic substances. 
For this method, it is necessary to heat up to the 
temperature of 50 °C and treat the enzyme at the 
same temperature for 30 minutes. Then the juice 
should be separated by pressing. The effect of pres-
sure and speed of pressing on the juice output was 
investigated.

Figure 2. The dependence of the juice yield on the pressure and speed of pressing
The obtained results showed that the pressing 

process should be carried out slowly, which leads 
to a better result. Pressing should be carried out 
at a pressure of 6 bar and a speed of 2.7 m/min 
for 3 minutes. A further increase in the duration of 
pressing does not affect the juice yield. The influ-
ence of the pressing speed becomes more notice-
able in the area of the maximum values of the juice 
yield. And the result of pressing does not depend 
on pressure.

The juice obtained after pressing was cooled and 
clarified in order to remove fine suspensions and col-
loidal substances to obtain a transparent product. For 
that, gelatin from 0.005 to 0.02% was added in the 
form of a 1% solution to the juice, mixed thorough-
ly and aged for 2 hours. The optimum temperature 
for processing the juice is 20 °C. When this occurs, 
additional decomposition of the remaining pectin 
substances due to the neutralization of negatively 
charged particles of pectic substances by positively 
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charged particles of gelatin. Then the juice was fil-
tered through a filter. After filtration, the juice was 
clear. The resulting semi-manufactured juice is sent 
to further technological operations.

Based on the research conducted, a technology 
for producing semi –manufactured juice of black 
mulberry was proposed.

The physicochemical parameters obtained using 
the proposed mulberry juice technology were deter-
mined on state standard methods.

Table 8. – Organoleptic characteristics of semi‑manufactured mulberry juice

Name of indicators Characteristics of clarified juice Characteristics of aromatic substances

Appearance Liquid, syrupy like with dark burgundy 
shade Clear liquid

Taste and smell
Well pronounced, peculiar to the fruits 
of which the juice is made, without 
foreign smell and taste

Well pronounced, peculiar to the fruits of 
which the juice is made, without foreign smell 
and taste

Water solubility Full, without repeated sedimentation Full, without repeated sedimentation

In the production of the juice after ultrafiltration, 
a waste is formed, which is a mixture of carbon adsor-
bent of enzymes and residues of the juice. We have 
extracted the sorbent, which is formed as a result of 
ultrafiltration, from the production line and studied 
the enzymatic activity of pectinase, adsorbed in it.

Pectolytic activity in the juice waste was deter-
mined using the interferometric method. For per 
unit of pectolytic activity was taken the amount of 
enzyme that catalyzes the hydrolysis of 1 gram of 
pectin to products, which is not precipitated by zinc 
sulfate when carrying out hydrolysis under strictly 
defined conditions: the temperature 50 °C, the hy-
drolysis time 1 hour, the pH value of the reaction 
medium 4. The pectolytie activity was expressed 
by number unit in 1 gram of the preparation tested 
(table 9).

Table 9. – The activity of pectinase 
KF in the waste after ultrafiltration

№ of test-
tubes

Pectinase activity
PKC, u/g %

1 77. 5 98. 7
2 77. 3 98. 5
3 77. 6 98. 9

Thus, it was established that after the ultrafiltra-
tion process, the fermentative activity of the enzyme 

in the waste of juice production is preserved, which 
allows to propose using it again after regeneration. 
The method of regeneration of the enzyme used has 
been developed. The application of the developed 
technology allows to increase the efficiency of juice 
production by precipitate ting and regenerating en-
zymes from sorbents.

Conclusions
A comparative analysis of different varieties of 

mulberry shows that white mulberries are charac-
terized by a higher content of pectic substances and 
organic acids compared to black varieties. Based on 
the obtained data, the application of the method 
of hot fermentation for decomposition of pectic 
substances has been suggested. It is established, 
that the process of pressing should be carried out 
at pressure of 6 bar and at a speed of 2.7 cm/min. 
It is shown that the enzymatic activity of pectinase 
after filtration in the waste of juice production is 
preserved and it is possible to reuse it after regen-
eration.

On the basis of the conducted research, a techno-
logical scheme for producing black mulberry semi-
manufactured juice is proposed. The main technical 
indicators of the semi-finished juice produced by the 
proposed technology have been identified.
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ACTIVATED TUFFITE AS AN ACTIVE POZZOLANIC ADDITIVE
Abstract. The article discuss is the possibility of obtaining composite cements based on Portland 

Cement clinker and calcined tiffite. The results of standard and special physical-mechanical tests of 
Portland cement with heat-treated tuffite additives are presented as a hydraulic additive. It is shown that 
the active mineral additive tuffit, calcined at 600 °C is suitable for production sulfate resistance cement.

Keywords: portlandcement, pozzolan, methods of testing additives, heat-treated tuffits, slaked 
lime, active additives.

Introduction
Construction and technical properties of the 

portland-pozzolana cement depends by nature and 
amounts of the active mineral additive, which is con-
tained in it. The activity of the additive and the na-
ture of products of its interaction with the hydrated 
minerals of the Portland cement have significant effect 
on durability, density, water resistance and a salt resis-
tance of the hardening portland-pozzolana cement.

Due to the expansion of amount of the materials 
applied as active mineral additives interest in studying 
of the mechanism and chemist of an action of tuffit, hy-
draulic active mineral additives of a new type increases. 
Pocket-tuffit breeds owing to specificity of chemical 
and mineralogical composition (high percent of cal-
careousness and existence of a significant amount of a 
clay component) are a new type of active mineral addi-
tives. The specificity also consists in the low content of 
silicon dioxide and rather high content of alumina. At 
the same time was the possibility of their use as active 
mineral additives of natural origin is proved.

For the final conclusion on use of the burned 
tuffit standard physical-mechanical tests of activity 
of tuffit additives, burned at 600 °C were carried out.

1. Determination of activity of the burned tuffit 
testing in mix with a Portland cement. At the same 
time that additive which, in the optimum dosage 
being added to a Portland cement is considered 
more active, gives the last through t he smallest 
period the same mechanical durability, which the 
Portland cement taken for testing has. Results of 
the specified physical-mechanical tests are given in 
(tab. 2).

2. Determination of activity of the burned tuffit 
in mix with extinguished lime. The method is based 
on determination of mechanical durability of solu-
tions from mix of the knitting substance with the 
studied additive, and the last is considered that more 
active, than solution at an optimum dosage of addi-
tive has big mechanical durability. That dosage for 
which the sum of values of strength at a bend in 28 
days, 3 months and 6 months will be the greatest is 
considered an optimum dosage of additive and ex-
tinguished lime.

Results of physical-mechanical tests are given in 
tab. 3. The received results of standard tests show that 
the tests of lime applied in work represent the con-
struction air fast-extinguished lime of the first sort.
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3. Determination of activity of the 
burned tuffit in mix with extinguished 
lime and plaster. When studying activity 
of the burnt tuffit in mix with hydrate 
lime and plaster, two -water plaster served 
(5% in terms of 100% of CaSO4·2H2O). 
Results of the specified studying are given 
in (tab. 3).

The high-level overview of results of 
physical-mechanical tests active finely 
dispersed the burned tuffit both in mix with 
a Portland cement, and with extinguished 
lime shows that educated knitting do not 
show abnormal properties and the received 
indicators of physical-mechanical definitions 
quite keep within existing rules (volume 
mass, normal density of the test, grabbing 
terms, mechanical durability, etc.)

Processes of solidification of each look 
knitting, put trials, submit respectively 
to patterns of solidification of portland-
pozzolana cement or limy and puzzolan-
knitting.

In terms of identification of the 
nature of the studied additives, their 
tests in mix with only one extinguished 
lime, certainly, are of the greatest interest 
(tab.2). Consideration of these results 
regarding indicators of mechanical 
durability, first of all, indicates the 
continuous growth of durability in 
time, and to the annual age samples 
show increase in durability on average 
3–5 times against branded (at the identical 
content of lime in mixes).

In case of tests of three-component 
mixes (additive + extinguished lime 
+ plaster) some increase in absolute 
measures (a  plaster role in three-
component mixes with participation 
of “kipelka”, certainly, much more 
considerably) durabilityis observed.
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At tests of additives in mix with a Portland cement 
in our samples, continuous increase in mechanical 
durability was observed that should be carried only 
due to application of tests of the Portland cement, 
which showed increase increase  in mechanical du-
rability was observed that should be carried only due 

to application of tests of the Portland cement, which 
showed increase.

On the basis of the data (tab. 1–3) obtained by 
us it is possible to recommend the following limits of 
fluctuations of an optimum dosage of the additives 
studied by us for knitting, provided in (tab. 4).

Table 4. – Limits of fluctuations of an optimum dosage of additives to knitting

Name of additives
Knitting

to Portland cements to extinguished limes
Bunrt tuffit 20–60 85–60

Conclusion
The carried-out work allows to draw the follow-

ing conclusions:
1. Indicators of activity of the tuffit additive 

burned at 600ºС certain standard with physic me-
chanical tests of the samples made of tuffit mixes 
with a Portland-cement and extinguished lime con-

vince that standard methods reveal true activity of 
the studied additive.

2. Data of results of indicators of mechanical du-
rability, first of all, indicate the continuous growth 
of durability in time, and to the annual age samples 
show incur ease in durability on average 3–5 times 
against branded.
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Road transport is the main source of air pollu-
tion. Pollution occurs as a result of fuel combustion. 
About 2 billion tons of petroleum fuel are burned 
annually in automobile internal combustion engines 
in the world. Moreover, the average efficiency is 23%, 
the remaining 77% goes to the environment [1].

The following types of transport are distin-
guished: light, medium and heavy freight, bus, pas-
senger. At the same time, 90% of cars use gasoline 
as fuel, and 10% – gas, trucks use diesel fuel and gas, 
50% of buses use gasoline, and 50% – gas [2].

About 25% of the world’s oil is used to produce 
gasoline, which is the main type of fuel for vehicles [3].

It was found that 30% of urban diseases are direct-
ly related to air pollution by exhaust gases. The most 
dangerous for humans are hydrocarbon compounds of 

the carcinogenic group: 1,2-benzanthracene (С18Н12), 
3,4-benzpyrene (С20Н12), 1,2-benzpyrene (С20Н12), 
3,4-benzofluorantene (С20Н14). Particularly danger-
ous is 3,4-benzpyrene, which is a kind of indicator of 
the presence of other carcinogens in the mixture [4–6].

The range and quality of gasolines are deter-
mined recently by environmental requirements for 
them. Currently, in order to reduce the toxicity of 
car exhausts, according to the requirements of Eu-
ropean standards, restrictions are set on the content 
of benzene (up to 1%) and total aromatic hydro-
carbons (30–35%) in gasolines (table 1). MPC of 
gasoline = 300 mg / m3. Reducing the harmful effects 
of exhaust gases on the environment and humans can 
be achieved by reducing the content of aromatic hy-
drocarbons in gasolines, primarily benzene [7].

Table 1. – Modern requirements for the quality of gasoline

Indicators
Requirements

Euro 4 (since 2005) Euro 5 (since 2009)
Benzene content, not more than,% 1.0 1.0
Sulfur content,% 0.005 0.001
The content of aromatic hydrocarbons,% 35 35
The content of olefinic hydrocarbons,% 14 14
Oxygen content,% 2.7 2.7
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Benzene, the most easily boiling among aromatic 
compounds, is harmful to people directly working 
with gasoline, as it contributes to the disease with 
leukemia [8].

There are various methods for the separation of 
aromatic hydrocarbons:

− Azeotropic distillation;
− Extractive distillation;
− Extraction;
− Adsorption release.
Azeotropic distillation. As you know, aromatic 

hydrocarbons form azeotropic mixtures with boiling 
paraffin-naphthenic hydrocarbons in cases of signifi-
cant deviations of the mixtures from the behavior 
of an ideal system. In fig. Figure 1 shows the depen-
dence of vapor pressure on the composition of the 
mixture of two components A + B for a system with 
a minimum boiling point.

The dashed line A + B represents the theoretical 
or ideal vapor pressure of the solution, calculated ac-
cording to Raoult’s law.

Figure 1. The dependence of vapor 
pressure on the composition of the 

mixture with a minimum boiling point

The upper solid curve shows the actual vapor 
pressure of the mixture. Point z, where the curve 
passes through the maximum, corresponds to the 
composition of the azeotrope. Since this is the point 
of maximum vapor pressure, it corresponds to the 
minimum boiling point of mixture A-B, which is low-
er than the boiling point of pure components A and 
B. The mixture corresponding to the composition at 

point z will be distilled at a constant temperature and 
without changing the composition.

Aromatic hydrocarbons C6, C7 and C8 form azeo-
tropes with paraffin-naphthenic hydrocarbons with 
only a minimum boiling point. In fig. 2. The com-
position of the vapor and liquid phases of the cy-
clohexane-benzene system is given. These hydrocar-
bons boiling at 80.0 and 80.1 °C, respectively, form 
an azeotrope with a benzene content of 51.8% by 
weight. The boiling point of the azeotrope is 77.5 °C. 
The vapor pressure curve of this system is similar to 
the curve in (Fig. 1).

Figure 2. The cyclohexane‑benzene system

Since the azeotrope has a minimum boiling 
point, then for any ratio of components, the azeo-
tropic mixture will be distilled first. But the nature 
of the residue will already depend on the ratio of the 
components. So, if the initial mixture contains 20% 
cyclohexane and 80% benzene, then after distilla-
tion of the azeotrope, pure benzene will remain in 
the residue; if a mixture consisting of 80% cyclohex-
ane and 20% benzene is distilled, pure cyclohexane 
will remain in the residue. In practice, this method 
is sometimes used to obtain pure benzene or cyclo-
hexane from mixtures thereof.

When choosing a reagent that forms an azeo-
tropic mixture with one or both of the separated 
components, the following series of circumstances 
must be taken into account:

1. When adding the third component, the boil-
ing point of the resulting azeotrope should be quite 
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different from the boiling points of the other com-
ponents or mixture.

2. It is desirable that the resulting azeotropic 
mixture contains the maximum amount of product 
per unit weight of the distilled reagent and has a low 
boiling point.

3. The third component must have a low latent 
heat of evaporation, so that the heat consumption for 
distilling the resulting product is minimal.

4. The third component should be easily regener-
ated for further use in the process. For this, several 
methods are used to separate the reagent and non-
aromatic hydrocarbon, such as separation of liquid 
phases upon cooling, followed by extraction with a 
solvent, or water washing, distillation at various pres-
sures, and other methods.

5. The third component should be chemically in-
ert, not react with shared hydrocarbons, not corrode 
the equipment, be thermally stable, non-toxic and 
available on an industrial scale.

Extractive distillation – characterized by the use 
of a solvent, the boiling point of which is much higher 

than the boiling points of the separated components. 
The solvent is fed to the top of the column. Flowing 
down, it dissolves one of the constituent parts of the 
mixture – aromatic hydrocarbons. Non-aromatic hy-
drocarbons free of solvent are removed from the top 
of the column. The solvent used to separate the hydro-
carbon mixture changes the normal relative volatil-
ity of the components. In this case, a deviation of the 
system from the ideal one is observed.

A large number of solvents have been tested to 
isolate aromatic hydrocarbons by extractive distil-
lation. In the (table 3) shows data on the relative 
volatility of a mixture consisting of 50 mol%. meth-
ylcyclohexane and 50 mol%. toluene, in the presence 
of various solvents (relative volatility of the toluene – 
methylcyclohexane 1.37 system).

Table 4 shows the relative volatilities of the tol-
uene-non-aromatic hydrocarbon system (1: 1 ratio) 
in the presence of various compounds. As a non-ar-
omatic hydrocarbon, a specially dearomatized frac-
tion of direct distillation gasoline boiling in the range 
of 99–113 °C served.

Table 3. – Relative volatility of methylcyclohexane mixed with 
toluene in the presence of various solvents

Solvent Solvent boiling 
point, oС

Solvent content, 
mol%.

Relative volatilitymethylcy-
clohexane to toluene, α

Aniline 184.4 65.8 2.71
Ethylene glycol monoethyl 
ether 135.2 65.8 2.29

Diethylene glycol 197.2 66.5 1.88
Formamide 193 66.7 1.42
Ethylene glycol monometh-
yl ether 124 66.7 2.72

Phenol 182.2 65.8 2.52
Pyridine 115.3 66.7 2.59

Furfural turned out to be the best selective sol-
vent for the isolation of toluene. However, furfural 
boiling at a temperature of 163 °C can form azeo-
tropic mixtures with non-aromatic hydrocarbons 
distilled from toluene, which makes it difficult to 
regenerate it.

Phenol, being the same selective solvent as ani-
line, is chemically inactive and quite stable. It also 
meets the requirements for boiling point, availability 
and cost. For the above reasons, phenol is the main 
solvent used for the extraction of benzene and tolu-
ene mainly consists of aromatic hydrocarbons.
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Table 4. – Relative volatility of non‑aromatic hydrocarbons mixed 
with toluene in the presence of various solvents

Solvent Solvent boiling 
point, 0С

The solvent content 
in the feed,% wt.

Relative volatility
methylcyclohexane to toluene, α

Furfural 163 50 2.30
Acetonyl acetone 188 50 2.20
Nitrobenzene 212 50 2.16
Nitrotoluene 223 50 2.16
Phenol 182 50 2.10
Aniline 184 50 2.08
Phenol + Cresol 
(60% + 40%) 193 50 1.98

Phenol + Cresol 
(40% + 60%) 195 50 1.95

Acetophenone 203 50 1.95
Meta + or paracresol 205 50 1.85
Diacetonglycol 191 50 1.64

Extraction. Extractive separation processes are 
based on the unequal solubility of aromatic and non-
aromatic hydrocarbons in various solvents.

The conditions of the extraction process are de-
termined by the nature of the feedstock and solvent, 
the amount of solvent, temperature and the required 
number of stages of extraction and the given selec-
tion and properties of the aromatic hydrocarbon 
concentrate.

The solvent should be characterized by the fol-
lowing qualities:

− high selectivity and high dissolving ability in 
relation to aromatic hydrocarbons;

− stability during long-term operation;
− the difference in density between the solvent 

and hydrocarbons to facilitate phase separation dur-
ing extraction;

− ability to easy regeneration;
− to be economically accessible, not to corrode the 

equipment and not have a pronounced toxic effect.
The choice of the temperature range of extraction 

depends on the critical temperature of dissolution of 
the feedstock. Extraction is carried out in the tem-
perature range at which there are two phases – ex-
tract and raffinate.

Figure 3. The effect of the temperature 
of extraction and the fractional 

composition of raw materials on the 
content of aromatic hydrocarbons in 

the extract: 1 – average boiling point of 
the fraction 144 °C; 2 – average boiling 
point of the fraction 216 °C; 3 – average 

boiling point of the fraction 276 °C

The amount of solvent is determined by the 
temperature of the process and a given percentage 
of extraction of aromatic hydrocarbons from the 
feedstock. The process must be carried out in such a 
way as to obtain, possibly, a greater extraction of aro-
matic hydrocarbons with a minimum consumption 
of solvent and a practically acceptable number of ex-
traction steps. Diethylene glycol (DEG) and liquid 
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sulfur dioxide are used as solvents in the evolution of 
aromatic hydrocarbons in industrial practice.

The influence of the extraction temperature and 
the fractional composition of the raw material on the 
content of aromatic hydrocarbons in the extract is 
shown in (Figure 3).

The curves were obtained on the basis of labora-
tory studies and the operation of an industrial extrac-
tion plant using sulfur dioxide.

Adsorption release. Aromatic hydrocarbons are 
able to adsorb more strongly on specially selected 
adsorbents than paraffinic and naphthenic hydrocar-
bons; this is the basis for their isolation from petro-
leum products.

Separation of complex mixtures using the adsorp-
tion method has been used in laboratory practice for 
a long time – since 1903. Adsorption separation in 
the liquid phase is used not only to separate aromatic 

hydrocarbons, but also to isolate a number of other 
chemical products [9; 10].

Adsorbents used to extract aromatic hydrocar-
bons from oil fractions should have high selectivity, 
mechanical strength, and long service life; they should 
be easily regenerated, be chemically inert with respect 
to shared components and economically available.

The industrial design of the process of adsorption 
of aromatic hydrocarbons is determined by the ab-
sorption capacity of the adsorbent, the rate of perco-
lation of the raw material, propellant and desorbent. 
The necessary amount of propellant and desorbent 
and the size of the adsorbent granules are also taken 
into account.

Thus, for the extraction of aromatic hydrocar-
bons from the composition of automobile fuels in 
the oil refining industry, the cleaning methods pre-
sented in this article can be used.
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STUDY OF INSPACTIVE PROPERTIES AGAINST CORROSION 
OF α-AMINOCETONES AND THEIR PRODUCTS

Abstract. The paper examines the anti-corrosion inhibitory properties of a-aminocetones such 
as thiainan and thiachromane. 15% HCl, 20% H2SO4, 1M HCl and 1M H2SO4 solutions were used 
as the aggressive medium. As the concentration of the studied compounds in solution increases, so 
does their protective effect. The increase in temperature showed an increase in the inhibition rate of 
the inhibitors during the corrosion process. Inhibitors containing morpholine fragment as the most 
effective inhibitor in aggressive environments were found to have higher inhibition rates.

Keywords: benzothiophene, thiainden, thiaindane, thiochroman, hydrochloric acid, sulfuric acid.
Corrosion of various industrial goods and 

construction materials made of steel around the 
world due to corrosion is considered to be one 
of the most urgent problems today. This is caus-
ing great economic and environmental damage to 
any country. It is therefore attracting the attention 
of chemists, technologists and scientists dealing 
with socio-economic problems all over the world. 
In addition, the decline in efficiency in gas and 
oil refining, gas and oil refineries, which are the 
mainstays of any country’s economy and strategic 

priorities, undermines the operation of the plant 
as a whole.

The use of organic-based inhibitors in address-
ing the above-mentioned global problem is currently 
yielding good results. The use of corrosion inhibi-
tors is one of the most effective ways to prevent the 
corrosion process [1, 16657–16668]. Research on 
inhibitors of metal corrosion is a long-term impor-
tant investment and is of strategic importance from 
an economic and environmental point of view. The 
world community is conducting international re-
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search on the development of toxicologically non-
toxic, biodegradable and highly effective inhibitors 
of corrosion protection of metals, in-depth study of 
the physicochemical aspects of protective coatings 
for corrosion protection of metals [2, 82–95].

In studying the anticorrosive properties of the 
synthesized compounds, we initially used the gravi-
metric (gravity) analysis method. This method is 
simple in nature in determining the degree of corro-
sion of metals, the method is one of the methods that 
does not require complex and expensive equipment 

and can provide a very large amount of data, and has 
not lost its relevance to date.

In this study, the inhibitory properties of the 
following synthesized compounds were studied 
at different temperature ranges and concentra-
tions of different aggressive media. For the study, 
α-piperidino-5-acetyl-2-methyl-1-thiaine (AIT-1), 
α-morphalino-5-acetyl-2-methyl-1-thiaine (AIT-2), 
α-piperidino-6- acetyl-1-thiochroman (AIT-3) and 
α-morphalino-6-acetyl-1-thiochroman(AIT).

Table 1.
Ingib. 
cipher

Ingib. 
amount mg/l

Time, 
hour

15% HCl 20% H2SO4
Kг/м2ч γ Ζ% Kг/м2ч γ Ζ%

1 2 3 4 5 6 7 8 9

AIT –1

50
2 0.84 23.80 95.80 1.84 16.64 93.99
4 0.89 23.59 95.76 0.97 30.61 96.73
6 0.84 27.26 96.33 0.95 31.78 96.85

100
2 0.46 43.47 97.70 0.87 35.97 97.22
4 – – – 0.93 31.93 96.86
6 – – – 0.92 32.82 96.95

250
2 0.48 41.66 97.60 0.50 62.60 98.40
4 0.33 55.26 98.12 0.45 66.00 98.48
6 0.38 60.26 98.34 0.45 67.11 98.50

500
2 0.48 41.66 97.60 0.48 65.20 98.46
4 0.36 58.33 98.28 0.36 82.50 98.78
6 0.31 73.87 98.64 0.39 77.43 98.70

1000
2 0.55 36.36 97.25 0.38 82.36 98.78
4 0.45 46.66 97.85 0.34 87.35 98.85
6 0.39 58.71 98.29 0.36 83.88 98.80

AIT –2

25 2 1.15 17.39 94.25 0.95 32.94 96.96
4 1.16 18.10 94.47 – – –

100 2 0.89 22.47 95.55 0.89 35.16 97.15
4 0.78 26.92 96.28 – – –

250 2 0.59 33.89 97.05 0.53 59.05 98.30
4 0.49 42.85 97.66 – – –

500 2 0.48 41.66 97.60 0.34 92.05 98.91
4 0.39 53.84 98.14 – – –

1000
2 0.35 57.14 98.25 0.20 156.5 99.36
4 0.38 55.26 98.19 – – –

The data in the table show that the inhibitory 
efficiency of inhibitors increases in parallel with in-
creasing inhibitory concentration and time at 200 °C 

in 15% HCl and 20% H2SO4 solutions of AIT-1 and 
AIT-2. Based on the results, it can be said that the 
inhibitory properties of AIT-1 and AIT-2 inhibitors 
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in sulfuric acid solution were higher than in hydro-
chloric acid solution. The melting rate of the metal 
decreases rapidly when a sample of steel grade St.3 
is added to a solution of 15% HCl and 20% H2SO4 
at a temperature of 200 °C with a concentration of 
10–4 mol/l (25 mg/l) of inhibitors AIT-1 and AIT-2. 
Showed that the inhibition coefficient remained the 
same when the inhibitor concentration was increased 
from 4 × 10–3 to 2 × 10–3 mol / l (100 to 500 mg/l). 

It has been shown that the effectiveness of inhibitors 
in sulfuric acid solution increases in parallel with the 
increase in inhibitor concentration. Showed that the 
inhibition coefficient of AIT-1 and AIT-2 inhibitors 
1 × 10–4 and 4 × 10–4 mol/l increased with time. Ta-
ble 2 below provides information on the protection 
levels of AIT-3 and AIT-4 inhibitors.

Efficacy of AIT-3 and AIT-4 inhibitors in 15% 
HCl and 20% H2SO4 solution at 20 °C

Table 2.

Ingib. 
cipher

Ingib quan-
tity, mg/l Time hour 15% HCl 20% H2SO4

Kг/м2ч γ Ζ% Kг/м2ч γ Ζ%

AIT –3

50
2 1.77 11.31 91.15
4 1.50 14.00 92.86
6 1.17 19.61 94.90

1000
2 0.94 21.29 95.30 0.40 78.25 98.72
4 0.68 30.88 96.76 0.35 84.86 98.82
6 0.59 38.88 97.42 0.52 58.12 98.91

AIT –4

50
2 0.68 29.42 96.60 0.44 71.14 98.59
4 0.58 36.20 97.23 0.26 114.2 99.12
6 0.48 47.79 97.90 0.33 91.58 98.91

1000
2 0.50 40.02 97.50 0.17 184.0 99.46
4 0.30 70.00 98.57 0.15 198.0 99.49
6 0.30 76.46 98.69 0.14 215.8 99.54

During the study, a mass reduction in the tempera-
ture range of 60–95.50S in a working system of 15% 
HCl and 20% H2SO4 at a concentration of 1000 mg/l 
for 6 hours in a St.3 sample of AIT-3 and AIT-4 in-
hibitors was determined by gravimetric measurement. 
Measurement of the mass reduction of the sample 
before the working solution and after a certain time 
in the working solution is useful in evaluating param-
eters such as corrosion rate (g) and the effectiveness 

of inhibitors (Z%). The following equation was used 
to determine these parameters and the results of the 
study were summarized in where: m1 is the weight of 
the sample before the study, in grams, m2 is the weight 
of the sample after the study, in grams, s is the area of   
the sample in square meters (m2) and t is the duration 
of the experiment, in hours. Efficacy results of inhibi-
tors at different temperatures and 15% HCl and 20% 
H2SO4 environments

Table 3.
Ingib. 
cipher

Environ-
ment%

Inh 
Amoмг/л

Time 
hour

60 ºC 95,5 ºC
Kг/м

2
ч γ Ζ% Kг/м

2
ч γ Ζ%

1 2 3 4 5 6 7 8 9 10

AIT –3 HCl
15% 1000

1 – – – 61.74 51.4 88.05
2 3.16 106.50 99.06
4 3.01 122.53 99.18
6 3.81 106.91 99.06
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1 2 3 4 5 6 7 8 9 10

AIT –4 HCl
15% 1000

1 – – – 68.66 46.19 79.84
2 7.07 51.46 98.06
4 6.06 63.14 98.42
6 6.74 59.20 98.31

AIT –3 H2SO4
20% 1000

1 – – – 5.38 543.5 99.82
2 1.28 338.64 99.70
4 1.35 372.07 99.73
6 1.20 394.78 99.75

AIT –4 H2SO4
20% 1000

1 – – – 8.30 351.6 99.72
2 3.01 144.01 99.31
4 3.37 149.05 99.33
6 2.90 163.36 99.39

Raising the temperature to 600S leads to an in-
crease in the inhibition rate even in 15% HCl and 20% 
H2SO4 media of all inhibitors under study. However, 
raising the temperature to 95.5 °C and above indicates 
that the inhibitors being studied in the hydrochlo-
ric acid environment are shifting in the direction of 
decreasing inhibition. However, an increase in tem-
perature to 95.5oC was found to give a positive result 
(99.72%) for the AIT-4 inhibitor in a sulfuric acid 
environment. The protective properties of the metals 

of the compounds under study are stable over time in 
hydrochloric and sulfuric acid environments. The data 
obtained show that the inhibitors studied slow down 
the corrosion rate by 12–32 times in an aggressive en-
vironment of hydrochloric acid at a dose of 50 mg/l, 
while at a rate of 1000 mg / l slow down the corrosion 
rate by 75–140 times. Similarly, it was found that the 
protective properties of the inhibitors under study in 
hydrochloric and sulfuric acids increase periodically 
with increasing temperature.

 
Figure 1. shows the dependence of the 
inhibitor of the series of thiachromanic 

anions on the corrosion inhibition 
coefficient in the H 2SO4 medium

Figure 2. shows the dependence of the 
inhibitor of the series of thiachromanic 

anions on the corrosion inhibition 
coefficient in the H 2SO4 medium

Figure 1 below shows a graph of the correlation 
inhibition coefficient of the corrosion inhibitors of 

the corrosion inhibitors AIT-1 and AIT-3 contain-
ing the thiain and thiachroman fragment in the 
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hydrochloric acid environment. The graph of the cor-
rosion inhibition coefficient of the inhibitors studied 
above in the sulfuric acid environment depends on 
the inhibitor concentration.

The process of time-dependent reduction of 
the mass in the presence of an inhibitor in a 20% 

H2SO4 solution of the St.3 sample obtained for 
the study can be represented by the image in Fig. 
1. As can be seen from the figure, the melting rate 
of a steel sample in a solution with an inhibitor 
relative to a solution without an inhibitor signifi-
cantly reduced.

Figure 1 Decrease in mass of steel St.3 in 20% H2SO4 solution over time

 The UV spectra of this solution were analyzed 
to confirm the formation of an In-Fe complex in a 
system containing 1000 mg/l AIT-4 inhibitor in 1 
molar sulfuric acid obtained as a working solution. 

UV spectra were obtained in the absence of an in-
hibitor in the working solution and 6 h after the ad-
dition of the inhibitor. Comparative images of these 
UV spectra are shown in (Figure 2).

 
Without inhibitors in a solution 1 M HCl with Inhibitor AIT‑4 of 1M NCI

Figure 3. SEM‑microphotography of Pulat St.3 sample
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The figure shows the absorption values and the 
deviation of their intensity. After immersion of the 
steel in the solution, an increase in absorption for 
the AIT-4 inhibitor is observed. This indicates the 
formation of a mutually stable complex between 
the Fe2 + ions and the functional-active groups 
of the inhibitor. The formation of this complex 
may be the cause of the observed deviation in the 
values of the absorption process and its intensity, 
which in turn leads to the anticorrosive activity of 
the inhibitor. In order to confirm the effectiveness 
of AIT-4 as a corrosion inhibitor, the images in 
(Figure 3) were obtained using SEM. As can be 
seen from the figure, the image of a steel sample 
lowered into the working system without the ad-
dition of an inhibitor reflected many cracks and 

abrasions on the steel surface. The image of the 
same steel ngamuna in the working solution of the 
inhibitor-added system shows that there are no 
cracks of the above appearance and that the ero-
sion is not noticeable at all.

Thus, during the gravimetric study of the anti-
corrosive properties of the inhibitors studied, it was 
found that they are inhibitors that give good results 
to the corrosion process that takes place in the acidic 
environment. The binding of the sulfur atom in all 
synthesized inhibitors to the aromatic ring on the 
one hand and the poluaromatic ring on the other 
shows that the inhibitor molecules studied in these 
corrosive aggressive systems are capable of forming 
strong chemisorption-type bonds with structural 
materials.
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REACTIONS OF NITROMEZITILENE WITH 
SUBSTITUTED ALKYLMALEINIMIDES

Abstract. Amidoethylation reactions of nitromesitylene with β-hydroxyethylmaleinimide in the 
presence of concentrated catalysts of a mixture of concentrated sulfuric acid and phosphoric acid, 
and with β-chloroethylmaleinimide in the presence of a small amount of FeCl3×12H2O catalyst 
were studied. The results showed that amidoalkylation reactions in the presence of Lewis acids were 
spatially selective, resulting in a single mono- substituted product with high yields. The influence 
of various factors on the course of the reaction, the yield of the product and their composition was 
determined. The structure of the synthesized substances was confirmed using physicochemical 
research methods.

Keywords: Nitromesitylene, β-hydroxyethylmileinimide (β-GEMI), β-chlorethylmaleinimide, 
malein anhydride (MA), FeCl3 × 12H2O.

Introduction. Maleic acid and its derivatives in 
the production of polymeric materials [1], various 
monomers [2], as a binding agent [3], in the produc-
tion of various adhesives, as a means of reducing cor-
rosion and increasing durability in the paint indus-
try [4], modifying bitumen [5], aviation technology 
[6–7], in medicine as an antiviral and antibacterial 
agent [8–9]. N-Methylolmaleinimide is used in the 
amidomethylation of aromatic compounds and in 
the production of surfactants. The products obtained 
from the amidoalkylation reactions of aromatic com-
pounds with N-methylolmaleinimide differ from the 
products obtained on the basis of other amidoalkyl-
ating reagents by the double bond in the maleini-
mide group, which is used effectively in subsequent 
syntheses. Reactions leading to double bonding can 
proceed on the basis of radical or electrophilic cou-

pling reactions, depending on the conditions select-
ed. If a maleinimide derivatives are to be used as a 
sewing agent, reactions involving light and tempera-
ture. Electrophilic coupling reactions are carried out 
on the double bond for the synthesis of surfactants. 
This, expands the scope of application of maleic acid 
derivatives. N-hydroxyalkylmaleinimides are amido-
alkylating reagents and may in turn be starting prod-
ucts for the synthesis of alkylamines.

The electrophilic substituted reactions are a 
widely used synthetic method in the aromatic se-
ries, used in the production of various mono-, di- and 
polysubstituted aromatic compounds [10].

It is known that N-hydroxyalkylamides, N-hy-
droxyalkylimides are among the amidoalkylating re-
agents due to their ability to be synthesized under nor-
mal laboratory conditions, high yield and resistance 
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to acids. Using these electrophilic reagents, they are 
possible to synthesize other types of electrophilic re-
agents, such as haloalkalkylamides, ethers, N, N’-alkyl-
ene-bis-amides. The reactivity of N-alkylolimides at 
room temperature in the presence of sulfuric acid var-
ies, among which N-alkylolimides have been shown 
to have high electrophilic properties. We know that 
intermolecular amidoalkylation reactions are also im-
portant, they are possible to synthesize heterocyclic 
compounds that are difficult to obtain [11].

Results and discussion. This work is de-
voted to the course of the amidolalkylation re-
action on the basis of the new amidoalkylat-
ing reagent β-hydroxyethylmaleinimide and 
β-chloroethylmaleinimide. For the amidoalkylation 
reaction, β-hydroxyethylmaleinimide was initially 
selected as the alkylating electrophilic reagent. 
Based on the literature and taking into account that 
β-hydroxyethylmaleinimide is the primary alcohol, 
the amidoalkylation reaction of nitromezitilen was 
carried out in the presence of a mixture of proton 
acids, sulfate, phosphoric acid. Despite the fact that 
the β-hydroxyethylmaleinimide of our choice is the 

primary alcohol, the amidoalkylation reactions with 
it proceed under relatively mild conditions. This is 
due to the presence of two carbonyl groups in the 
β-hydroxyethylmaleinimide molecule, or the attrac-
tion of the electron cloud density of the functional 
groups to:

HC

HC

C

C
N-CH2-CH2

O

O

O H
δ+

δ+

δ+

δ−

δ−

The reaction of nitromesitylene with β-hydro-
xyethylmaleinimide was studied in the presence of 
sulfuric, phosphoric acid mixtures. Reagents for the 
reaction were nitromesitylene: β-GEMI: con.H2SO4/
H3PO4 in soluble benzene in a ratio of 1:1 mol, carried 
out for 3–4 hours.

Analysis of the reaction product by thin-layer 
chromatography revealed the formation of three new 
substances on the plate. A 3:1 molar ratio of benzene 
and acetone were used as the solvent for thin layer 
chromatography (Figure 1).

1. Reaction product:
a) nitromesitylene,
b) 2,4,6-trimethyl-3- (β-maleinimidoethyl) nitro-
benzene, Rf = 0.64
c) 2,4,6-trimethyl-3,5-bis- (β, β`-
maleinimidoethyl) nitrobenzene Rf = 0,55
d) ester of β-hydroxyethylmaleinimide Rf = 0.41
2. Nitromesitylene
3. β-hydroxyethylmaleinimide

thin-layer chromatography (TLC) with plates 
(Pre-coated TLC sheets ALUGAM® Xtra SIL G/
UV254), mobile phase-benzene: acetone 3:1.

Figure 1. Thin layer chromatography analysis

One of these substances are 2, 4, 6-trimethyl-3- 
(β-maleinimidoethyl) nitrobenzene (Rf=0.64), the 
others are 2,4,6-trimethyl-3,5-bis-(β, β`-maleini-

midoethyl) nitrobenzene (Rf=0.55), a ester of 
β-hydroxyethylmaleinimide (Rf=0.41) as an additive 
was confirmed by chromato-mass spectrum (Figure 2).
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Results of the analysis of the chromatomass spectrum of the substance obtained from the reaction 
of nitromesitylene with β-GEMI in the device GC–MS

Peak Ret Time Width Area % 1) Solvent benzene,
2) 2,4,6-trimethyl-3,5-bis- (β, β`-
maleinimidoethyl) nitrobenzene,
3) 2,4,6-trimethyl-3-(β-maleinimido-ethyl) 
nitrobenzene,
4) ester of β-hydroxyethylmaleinimide,
5) nitromesitylene

1 3.082 0.047 19555992 9.68
2 3.792 0.093 41587922 20.03
3 4.756 0.056 64766582 32.05
4 6.862 0.029 13780932 17.66
5 11.119 0.065 40480336 20.58

Figure 2. Results of chromatomass spectrum analysis in GC–MS

Formation of fractions of ions of 2,4,6-trimethyl-3,5-bis- (β, β`- maleinimidoethyl) nitrobenzene
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β-hydroxyethylmaleinimide is selected as the re-
agent of amidoalkylation, and forms simple esters, such 
as primary alcohols. β-hydroxyethylmaleinimides 
form a simple ether of benzene at a boiling point of 
80–85 °C. It is known from the studied literature that 
the simple esters formed by reagents of amidoalkyl-
ation containing the hydroxyl group can also be re-
agents of amidoalkylation for the reaction. However, 
simple esters are reagents with low electrophilic abil-
ity compared to amidoalkylating alcohols. In order to 
activate the simple esters formed in amidoalkylation 
reactions. To increase the reactivity, it is necessary 
to add an extra amount of catalyst to the reaction 

mixture. While part of the extra catalyst is used to 
decompose the ordinary ether, the other part acts as 
a catalyst for the amidoalkylation reaction.

However, increasing the catalyst in the reac-
tion requires slightly milder conditions, as the re-
action undergoes a polymerization reaction due 
to the active double bond of the amidoethylation 
reagent β-hydroxyethylmaleinimide. The reaction 
resulted in the formation of two new substances – 
2,4,6-trimethyl-3-(β-maleinimidoethyl) nitroben-
zene, 2,4,6-trimethyl-3,5-bis-(β, β`-maleinimido-
ethyl) nitrobenzene are seen.

The reaction equation is as follows:

N

O

O

OH

+

H3C CH3

CH3

NO2

H2SO4/H3PO4con.

Benzene H3C CH3

CH3

NO2

N

O

O

N

O

O

+
H3C CH3

CH3

NO2

N

O

O

2,4,6-trimethyl –3- 
(β-maleinimidoethyl)nitrobenzene

2,4,6-trimethyl-3,5-bis- 
(β, β`- maleinimidoethyl) nitrobenzene

Figure 3. 3D view of the items

C-amidoalkylation reactions of aromatic com-
pounds follow the SEAr2 electrophilic substitution 
mechanism, such as alkylation and acylation reactions.

The reaction mechanism is as follows:
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Subsequent amidoalkylation reactions were 
performed with-β-chloroethylmaleinimide. For the 
amidoalkylation reaction of nitromesitylene with 
N-XEMI in the presence of a catalyst FeCl3×12H2O 
was carried out at a ratio of 3:1: 2.64×10–4 moles, at 
100oC. The reaction revealed that only the mono- 
substituted product 2-(N-maleinimidoethyl) 
–1,3,5-trimethyl nitrobenzene was formed with 58% 
yield, no additional substance was formed. The reac-
tion conditions are given in Table 1.

The reaction equation is as follows:
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The reaction mechanism is as follows:
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Table 1. – Nitromezithylene with β‑chloroethylmaleinimide FeCl3×12Н2O 
conditions of amidoalkylation of reaction in the presence of a catalyst

№ Substrate
Mole ratios of re-
agents substrate:

β-ChEMI: cat.

Reaction 
temperature, 

OС

Reaction 
duration, 

hours

The product formed with 
β-chloroethylmaleinimide 

substrate
% Т liquid

1. Nitromesitylene 3:1:2,64×10–4 100 3 58 128–129
2. Nitromesitylene 2:1:2,64×10–4 100 3 55 128–129
3. Nitromesitylene 1:1:2,64×10–4 100 4 50 128–129

It can be seen from the table data that increasing 
the amount of substrate from 1 to 3 and increasing the 
reaction time leads to an increase in yield. If the reac-
tion is carried out at a temperature above 100oC, the 
reaction will lead to resinization of the mixture. This is 
due to the fact that the polymerization is tolerated at 

the expense of the active double in maleinimide. When 
the reaction mixture was examined on the skirt layer 
chromatography, it was seen that a single new product 
was formed. No additional reaction was found. A 3:1 
molar ratio of benzene and acetone was used as the sol-
vent for thin-layer chromatography. (Figure 4)

Chromatography obtained during the reaction Chromatography after purification

1. 2 – (N-maleinimidoethyl) – 
1,3,5-trimethyl nitrobenzene
a) nitromesitylene,
b) 2 – (N-maleinimidoethyl) 
–1,3,5-trimethyl nitrobenzene

2. Nitromesitylene

1. 2-(N-maleinimidoethyl) 
–1,3,5-trimethyl nitrobenzene 
Rf = 0.64

2. Nitromesitylene

Figure 4. Thin layer chromatography analysis
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The reaction substance was recrystallized in ethyl 
alcohol and chromatographed again.

IR spectral analysis

Figure 5. IR spectrum of 2‑(β‑maleinimidoethyl)nitromesitylene

IR spectrum: Infrared Fourier spectrometer 
“IRTracer-100” (SHIMADZU CORP., Japan 2017) 
in complete with the prefix broken total internal 
reflection (NIP) MIRacle-10 c prism diamond/
ZnSe (spectral range on the scale of wave num-
bers-4000÷400 cm–1; resolution – 4 cm–1, sensitiv-
ity signal-to-noise ratio-60,000:1; scanning speed-20 
spectra per second).

When we studied the IR spectrum, we found 
that there were the following absorption lines: de-
formation and valence oscillations specific to the 
aromatic ring in the fields 785, 860, 912, 981 and 
1633 (cm-1); Deformation and valence oscillations 
of the HC=CH group in the branches 1219, 1259, 

1654 and 2505 (cm–1), deformation and valence os-
cillations of the methylene groups in the branches 
1431 and 2875, 2792 (cm–1), 1633, 1703 (cm–1). in 
the presence of valence oscillations of the nitrogen-
bound carbonyl group. One of the frequencies with 
an intense appearance was the oscillation of nitro 
compounds (NO2) in this aromatic ring in the va-
lence symmetric 1259.52 cm–1 regions (Figure 5).

Results of analysis. As a result of electro-
philic substituted reaction of nitromesitylene with 
β-chloroethylmaleinimide in the presence of iron 
(III) chloride crystal hydrate mono product with 
58% yield 2-(N-maleinimidoethyl)-1,3,5-trimethyl 
nitrobenzene and β-hydroxyethylmaleinimide in 
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the presence of sulfate with sulfate as a result, mono 
with 39,05% yield and bis product with 20,03% 
yield were formed to form 2,4,6-trimethyl-3,5-
bis-(β, β`-maleinimidoethyl)nitrobenzene. While 
the dialysis product was formed during the ami-
doethylation reaction of nitromezithylene with 
β-hydroxyethylmaleinimide, the formation of a 
mono product was determined by the amidoethyl-
ation with β-chloroethylmaleinimide.

Conclusion and suggestion. Electrophilic sub-
stituted reactions in nitromesitylene, which con-
tains one electron acceptor and three electron do-
nor groups in the agreed state, were carried out with 
derivatives of maleinimide occupied by halogen and 

hydroxyl groups. Changes in product yield and com-
position were determined according to the type of 
electrophilic reagent obtained for the reaction. It can 
be concluded that if there are only strong reference 
electron donor groups in the aromatic ring and the 
negative charge value in the benzene ring increased, 
conducting reactions in the presence of strong pro-
ton catalysts such as sulfuric acid at low temperatures 
gives good results. Additionally, if the aromatic ring 
contains an electron-accepting group, such as a ni-
trogroup, which reduces the negative charge value of 
the ring along with the electron-donor groups, more 
stringent conditions are required for the reaction to 
proceed.
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