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Abstract. The article shows that urea - as an archetypal prebiotic 

compound on the one hand, and reactive oxygen-containing compounds - 
on the other hand, serve as a basis for the formation of an extensive 
repertoire of chemical compounds, which are represented by various 
acyclic and heterocyclic carbamide-containing substances. Among the 
urea-containing substances, this paper pays special attention to using the 
prebiotic monomer urea as a starting building block in synthetic organic 
chemistry, including novel macrocyclic and supramolecular systems. 
Although most of the urea chemistry experiments performed have been 
conducted under conditions that are far from prebiotic-like states - some 
intermediate results of the studies performed open the way for the 
trajectory of the formation of complex nitrogen-containing organic 
molecules that may emerge from the iterative assembly of urea and 
reactive components. The proposed work draws considerable attention to 
various practical applications of acyclic and heterocyclic urea. Among the 
numerous valuable acyclic and heterocyclic ureas, the most important 
substances that have found useful applications in human life are 
highlighted separately. The summarised information on the chemistry and 
applications of urea indicates its continuous development by the 
convergence of knowledge in chemistry, physics, materials science and 
medicine. 
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Introduction 
 
The edge of the observable Universe is 46.5 billion light-years away. According to 

astrophysicists, this vast space includes, according to various estimates, from 200 billion to 2 
trillion galaxies. And each galaxy contains, on average, about 100 billion stars. Because the birth 
of chemical elements is one of the main functions of stars, it is not easy to imagine the number 
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of these elements and their combinations due to nuclear reactions. Nuclear fusion of helium is 
considered the beginning of all natural reactions, the root cause of life, light, heat and 
meteorological phenomena on Earth. The original building blocks of the material world were 
hydrogen and helium, the lightest elements in the Mendeleev table. But today, our universe is a 
rich and diverse world, populated by countless atoms and molecules, diversified by their 
interaction through bizarre combinations that result in complex chemical compounds that 
define life on our planet. 

The main question facing astrochemistry is: how far can the synthesis of complex molecules 
go in outer space? The answer to this question has direct relevance to the problem of the origin 
of life on Earth. A fundamental question in the research on the origin of life and astrochemistry 
concerns the actual processes that initiate the diversity of chemical compounds. Some answers 
to this problem are found in the most plausible description of the processes of transformations 
of substances compatible with environments probable to Earth during the origin of life, as well 
as in cosmic conditions. Many simple and complex organic compounds have been found in 
space objects. A few examples are hemolithin, a protein containing iron and lithium found in 
the meteorite Acfer 086. It's believed to be the first extraterrestrial protein discovered. A large 
number of organic inclusions were found in the Murchison meteorite-nucleic bases [1], amino 
acids, with L- enantiomers predominating [2]. 

In the Murchison meteorite and in meteorite NWA 801 (Morocco) it was possible to find 
about 10 carbohydrates [3]. These findings are interpreted by some scientists as evidence that 
organic compounds brought from space by meteorites could have been involved in the origin 
of life on Earth [4]. More than 50 stable organic molecules have been found in the interstellar 
medium, based on astronomical observations, in both the gas and solid phases [5]. There is a 
view that some of these organic substances eventually ended up on the early Earth under the 
influence of cosmic factors, which contributed to the origin of life on our planet. 

On the other hand, there is an equally valid alternative path to the origin of life on Earth. 
Thus, chemists from Harvard University during experiments to simulate lightning strikes in the 
conditions of the "early Earth" found that during this process, carbon and nitrogen could be 
converted into important molecules, for example, carbon monoxide, nitrite, ammonium salts, 
formic acid and other compounds. It is believed that these compounds, formed through a series 
of chemical reactions, may have played a key role in the formation of life on Earth. Although, 
the reader may say - why invent mechanisms for synthesizing complex pre-organic compounds 
on Earth, since they were already present in our planetary system initially. But, such point of 
view leads the reader away from the scientific understanding of the problem of the origin of life 
on Earth. To test the hypothesis that the interaction of certain molecules triggers chemical 
reactions that lead to the formation of amino acids and other biotic compounds conducted 
scientific research using the program Allchemy. As it turned out, for the emergence of life was 
sufficient for the presence of molecules of water, nitrogen, hydrogen sulfide, ammonia and 
cyanide, which the researchers believe a priori at the time of the origin of life was present on 
Earth. The Allchemy program also identified new pathways for the prebiotic synthesis of 
organic compounds such as glycine, acetaldehyde, malic, fumaric, citric and uric acids. In 2024, 
Chinese scientists exposed glycine to gamma radiation to produce glycine from methane, 
oxygen, water and ammonia, molecules commonly found in space [6]. 

Based on the results of these studies, one can easily construct a chemical trajectory of urea 
formation from glycine, which in turn, with the participation of simple carbonyl compounds, is 
quite simply transformed into various nitrogen-containing acyclic and heterocyclic 
compounds, including urea or uric acid. 

The most likely astronomical sources of urea and related compounds are photoprocesses 
occurring in outer space and bodies. Modeling of this kind of photochemistry using a condensed 
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methanol-ammonia ice mixture irradiated with UV light at 80 K revealed the formation of, 
among other things, urea, glycolic acid, and glycerol in a nonvolatile organic residue [7]. 

This paper shows that the reactions of urea - as an archetypal prebiotic substance - and 
reactive oxygen- containing compounds lead to an extensive range of chemical compounds, 
which are represented by various acyclic and heterocyclic nitrogen-containing compounds. The 
material outlined herein covers the application of urea, the first artificial prebiotic molecule, as 
a synthon to form an extensive molecular repertoire that can be composed of rather trivial 
condensation of urea and oxygen-containing substrates, probable astrochemical and prebiotic 
molecules. Although most of the urea chemistry experiments performed have been conducted 
under conditions that are far from prebiotic-like states - some interim research results shed 
light on the pathways for the formation of complex nitrogen-containing organic molecules that 
may emerge from the iterative assembly of urea and reactive components. 

In view of the above, this work demonstrates the use of prebiotic urea monomer as a building 
block in synthetic organic chemistry, including novel supramolecular systems. 

General characterization of urea. Urea is a colorless crystalline substance, odorless, cool to 
the taste. It dissolves well in polar solvents and poorly in non-polar organic solvents. The 
melting point of urea under standard conditions is 132.6°C and the density is 1.335g/cm3. The 
bulk density is 0.52-0.62 kg/l. Urea, being a diamide of carbonic acid, although it shows typical 
properties of amides, but due to the peculiarities of its structure, it shows its own properties 
leading to the formation of a variety of acyclic and heterocyclic nitrogen-containing compounds. 
The chemical properties of urea are due to the presence of three reactive groups in its molecule 
- two amine groups and one carbonyl group. However, the C=O group has low reactivity and 
does not enter into reactions characteristic for C=O groups of ketones. This is explained by the 
fact that the C=O group of urea has a partial rather than a full double bond, due to the 
conjugation of its π-electrons with unshared pairs of nitrogen electrons occupying 2p-orbitals. 
Urea crystals belong to tetragonal syngony, space group P421m, Z=2, a=5.645 Å, b=5.645 Å, 
c=4.704 Å. The bond lengths of C-O, C-N and N-H are 1.26 Å, 1.34 Å and 0.77 Å, respectively, the 
valence angles of N-C-O and N-C-N are 121° and 133.1. The C=O bond length in urea is longer 
than in ketones, and the C-N bond length is shorter than in amines (Table 1) [8]. 

 
Table 1. Comparative lengths of carbon-oxygen and carbon-nitrogen bonds in organic 

compounds of different classes 
 

Carbon- oxygen bonding Length, Å Carbon- nitrogen bonding Length, Å 

C=O 1.26 (urea) C–N (urea) 1.34 

C=O 1.21 (ketones) C=N (imines) 1.27 

C–O 1.43 (alcohols) C–N (amines) 1.47 

 
Currently, in industry, urea is synthesized from NH3 and CO2 according to a two-step process: 

through the exothermic formation of ammonium carbamate ([NH4]+H2 NCOO-) from liquid 
ammonia and carbon dioxide, followed by endothermic decomposition of ammonium 
carbamate, which produces urea and water (Figure 1).  

 

 
Figure 1. Urea production scheme 
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The current scale of urea production is approximately 100 million tons per year, with more 

than 90% of the production destined for use as fertiliser [9,10]. 
 
Literature review 
 
Effect of urea on biochemical processes in the body. 
The presence of the urea fragment in many drugs, in metabolic products of nitrogen-

containing compounds and in many biologically important natural compounds (enzymes, 
nucleotides, vitamin B13) makes it a subject of increased interest in biochemistry. 

Urea is the most important product of nitrogen metabolism, the end product of amino acid 
metabolism. Urea is synthesized from ammonia, which is constantly formed in the body during 
oxidative and non-oxidative deamination of amino acids, during hydrolysis of glutamic and 
asparagic acid amides, as well as during the breakdown of purine and pyrimidine nucleotides. 
Part of ammonia is formed in the intestine as a result of the action of bacteria on food proteins 
(protein putrefaction in the intestine) and enters the blood of the portal vein [11]. In mammals, 
the main pathway responsible for the removal of these products is the synthesis of urea in the 
liver in the so-called ornithine cycle. The largest amount of ammonia formed in the body is used 
for the synthesis of urea, which is excreted with urine as the main end product of protein 
metabolism in humans and animals. In the liver, its activity is strictly controlled to maintain the 
concentration of ammonia in the liver within strictly defined limits. This makes it possible to 
exclude the entry of ammonia into the systemic bloodstream, since an increase in its 
concentration in blood plasma leads to impaired function of the central nervous system [12]. In 
the process of evolution, living organisms have developed different types of nitrogenous 
metabolism. This is the ammoniotelic type, in which the main end product of nitrogen 
metabolism is ammonia; it is characteristic mainly of fish. In the ureotelic type of metabolism, 
the main end product of protein metabolism is urea; this type is characteristic of humans and 
animals. Uricotelic type is characteristic of birds and reptiles; the main end product of this type 
of metabolism is uric acid [13]. Nitrogen balance in the body is regulated by the production of 
urea [15]. 

One of the most important aspects of the manifestation of urea properties is its induced 
denaturation of proteins in aqueous solutions [15] and chiral recognition of amino acids by 
urea-based receptors [16]. 

Concentrated (6-8 M) aqueous solutions of urea are usually used in protein denaturation. 
The urea molecule mimics a peptide bond and is able to act both as a donor and an acceptor of 
hydrogen bonds, competing with peptide and other functional groups of the protein that form 
a developed system of hydrogen bonds in native form (Figure 2). 

 
 

Figure 2. Schemes of formation of hydrogen bonds of urea with proteins 
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Protein denaturation is often accompanied by damage to covalent bonds. For example, 
prolonged urea action at elevated temperatures can lead to carbamoylation of the NH2-group 
of lysine (Figure 3): 

 

 
Figure 3. Scheme of carbamoylation of NH2-group of lysine 

 
Urea has low lipid solubility and consequently low permeability through artificial lipid 

bilayers (4×10–6 cm/s), which lack any transport proteins to facilitate its transport. In clinical 
practice, urea plays an important role in laboratory diagnosis and is of great renal importance. 
Blood urea nitrogen (BUN) analysis is commonly used to measure the amount of nitrogen from 
urea in the blood. It assesses kidney function and indicates kidney health [17]. Elevated blood 
AMK indicates impaired renal function and is associated with many factors: Urea plays an 
important role in neuropsychiatry, and AMK is considered a biochemical indicator of delirium 
in emergency and intermediate care units [18]. In humans, urea can be excreted with sweat, 
tears, saliva, and digestive fluid (faeces) [19]. 

Methods of urea synthesis. The existing methods for the preparation of urea, which have 
found practical and preparative applications, are overwhelmingly based on the transformation 
of amines under the action of nitrogen-containing (isocyanates, cyanates, urea) or 
carbonylating (phosgene, CO) reagents [20-27]. Comparatively rare are methods of direct 
transformation of urea with preservation of urea skeleton (alkylation, acylation, 
phosphorylation, etc.) or Hoffmann rearrangement from amides. The most common methods 
for the preparation of urea, depending on the substrates and reagents used, will be discussed 
below, and the pathways for the formation of the urea fragment of the molecule, which are 
rarely used in synthetic practice, will be shown. 

Isocyanate method. Methods of synthesis of substituted urea by transformations of 
alkylisocyanates under the action of water are essentially the first examples, when 1,3- 
disubstituted alkylureas, the formation of which occurs according to the scheme in Figure 4, 
were obtained: 

 
Figure 4. Scheme for production of substituted urea 

 
Although urea synthesis from isocyanates was first carried out more than 160 years ago, this 

method is still relevant today. Due to its preparative simplicity and good yields, the reaction of 
organic isocyanates with amines remains the most popular method for the preparation of 
asymmetric urea, including their chiral derivatives. Over the last ten years, the isocyanate 
method has been used in the synthesis of aryl-ketarylureas, which are characterized by a 
variety of practically useful properties, di- and trisubstituted adamantylureas, triterpene ureas, 
macrolides, ureidopeptides, etc. At the same time, it is recognized that the main limitation of 
this method is the relative inaccessibility of starting organic isocyanates. Often, the direct 
synthesis of urea is preceded by a rather laborious multistep synthesis of the corresponding 
amines and/or organic isocyanates. 
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Phosgenation of amines. By interaction of phosgene with primary and secondary alkyl-, 
arylalkyl- and arylamines, only symmetrical 1,3-disubstituted ureas are obtained. The history 
of this method goes back to the 19th century, when in 1849 Hoffmann first synthesized 1,3- 
diphenylurea by passing phosgene through a saturated aqueous solution of aniline (Figure 5): 

 

 
Figure 5. Scheme of diphenylurea synthesis 

 
The process of phosgenation of amines is well enough investigated, details of the mechanism 

are revealed, its high efficiency for synthesising symmetric urea is shown. But, it should be 
noted, high toxicity and low selectivity of phosgene imposed its limitations on its application. 

In recent years, the use of bis-electrophilic analogs of phosgene has become one of the 
methods of improving the methods of synthesis of 1,3-disubstituted urea. Thus, 
bis(trichloromethyl)carbonate proved to be excellent for realization of this kind of reaction, 
and the synthesis with its participation was carried out on a liquid-phase polymeric carrier. 
Sufficiently attractive synthetic analog of phosgene in the preparation of urea turned out to be 
low-toxic and fusible ethylene carbonate. The proposed method allows to obtain 
unsymmetrical urea as well. Another method of urea synthesis was proposed by the authors of 
the work, where the high synthetic potential of carbamoylimidazolium salts, which can be 
considered as urea derivatives, was used. The high ability to substitute the imidazolium 
fragment in reactions of secondary amines with the salts was used for the synthesis of a large 
number of tetrasubstituted urea, as well as carbamates and amides. It is important to 
emphasize the mechanistic and simplicity of the approach, which includes the possibility of 
diversifying the nucleophiles used and automating the isolation process. Considering the 
comparative simplicity of synthesis and availability of carbamoylimidazolium salts, to date, this 
method of urea synthesis can be considered as the most efficient and promising. Recently, 1,1'-
carbonyldi(benzotriazole) was successfully used in the solid-phase synthesis of asymmetric 
ureidodicy acids containing two different amino acid residues. To purify the products from 
benzotriazole impurity, its extraction with borate buffer solution (pH 9.2) was proposed. 

Reactions of amines with alkali metal cyanates. The first synthesis of substituted urea 
from alkylamine sulfate with potassium cyanide was carried out by Wurtz in 1851 (Figure 6): 

 
Figure 6. Scheme of synthesis of monosubstituted urea 

 
This cyanate method was further extended to a wide range of amines. A modification of the 

cyanate method for preparing substituted urea is the interaction of alkyl halides (chlorides, 
bromides) with alkali metal cyanate in aqueous solutions. Despite the ease of realization of 
carbamoylation reactions of amines when working with alkali metal cyanates, the main limiting 
condition for the process is the high toxic properties of these compounds. 

Reactions of amines with urea. The interaction of urea with amines in melt or in solutions 
is one of the popular and convenient methods for the synthesis of a wide variety of urea (Figure 
7). Both amines and their salts in the form of hydrochlorides, sulfates or phosphates are used 
as condensing reagents. The procedure for the preparation of substituted urea is usually the 
heating of a mixture of urea and amines at temperatures of 150-180°C, resulting in a mixture 
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of products consisting of mono- and 1, 3- disubstituted urea, the composition of which is 
regulated mainly by the molar ratio of the reagents and, to a lesser extent, by -other reaction 
conditions. 

 

 
Figure 7. Scheme of reaction of urea with amines 

 
By varying the ratio of amine and urea, this process can be directed either toward the 

preferential formation of monosubstituted urea or 1,3-disubstituted urea. Sometimes, to 
accelerate the process and increase the yield of target products, the interaction of urea with 
amines is carried out in high-boiling solvents -decalin, phenol, cyclohexanol. Modification of the 
above method by using nitrourea in aqueous or aqueous-alcoholic medium instead of urea 
allows to carry out reactions with amines under mild conditions. This process is convenient 
because the nitramide formed during the decomposition of nitrourea under the conditions of 
synthesis irreversibly decomposes into water and nitrous oxide, thereby shifting the 
equilibrium towards the formation of isocyanic acid, which of course determines the obtaining 
of the corresponding urea. This method has advantages over other methods given above in that 
it does not require working with highly toxic substances such as KCN, isocyanates, pyridine; it 
is characterized by simplicity of carrying out and apparatus design; yields of final products are 
not lower than in other methods. 

Thus, aminolysis of urea with amines of various structures allows to synthesize symmetric 
and asymmetric ureas, and in some cases serve as a good method of identification of liquid and 
oil-like amines in the form of crystalline ureas. Reaction of urea with amines for identification 
of the latter is convenient because the resulting N-substituted ureas are well crystallized and 
easily analyzed by traditional methods 

Other methods of urea synthesis. In addition to the above methods, there are other 
methods for the preparation of N-substituted urea, which are fundamentally different from 
those discussed earlier and rely on the chemical properties of urea. Among these methods the 
processes of condensation of urea with formaldehyde in aqueous alkaline, which lead to 
methylol- and dimethylolurea, which are the initial products for obtaining urea resins, stand 
out. 

Aldehydes and ketones with urea under hydrogen pressure in the presence of nickel and 
cobalt catalysts give the corresponding N-alkyl- and N, N-dialkylureas in satisfactory yields 
(reaching 75-77%). The process is generally carried out at temperatures of 60-150°C, with 
monoalkylureas being formed at 60-100°C and dialkylureas at 100-155°C. 

One of the attractive but poorly studied methods for the synthesis of N-substituted urea is 
the alkylation of urea with alcohols. In the preparative practice of N-substituted urea synthesis, 
there are few examples of direct interaction of alcohols with urea, and those are mainly related 
to reactions of aliphatic alcohols. There are single data on alkylation of urea with organic 
halides. The way to organometallic urea (Si, P, Se) passes through the traditional ways of urea 
preparation in which the corresponding element-containing reagents and substrates are used. 

The above methods of urea synthesis have opened the way to the synthesis of a large number 
of nitrogen-containing acyclic and heterocyclic compounds. 

The most important urea-containing heterocycles. Cyanuric acid, 1,3,5-triazine-2,4,6-
trione A, is almost the main representative of azaheterocycles containing three nitrogen atoms 
and synthesized on the basis of urea (Figure 8). Due to its unique properties, it is widely used  
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in various industries. Cyanuric acid is obtained mainly by pyrolysis of urea in organic solvents, 
in a fluidized bed on the surface of metals. However, during pyrolysis of urea, along with 
cyanuric acid A, related triazines - ammelid B, ammelin C, melamine D-amination products of 
cyanuric acid are formed, which are of independent practical interest [28]. 
 

 
Figure 8. Structural formulas of cyanuric acid A, ammelide B, ammelin C and melamine D 

 
All of these heterocycles are products of cyclic trimerization of isocyanic acid and/or 

cyanamide. 
Pyrimidine bases and hydroxypurines. 
The methods of preparation of pyrimidinones and hydantoins and their chemical properties 

are quite well covered in the literature [29-37], the most important ones are given below. 
Uric acid. It was discovered by Carl Scheele (1776) as part of 

urinary stones and called by him acide lithique, then it was found by 
him in urine. Uric acid is oxidized to alloxane by nitric acid, under the 
action of potassium permanganate in neutral and alkaline medium or 
hydrogen peroxide from uric acid is formed first allantoin, then 
parabanic acid. I. J. was the first to synthesize uric acid. Gorbachevsky 
in 1882 by heating glycocol (aminoacetic acid) with urea to 200-230°C. 

Uric acid is the starting product for the industrial synthesis of caffeine. 
Barbituric acid - Derivatives of barbituric acid containing alkyl or aryl 

substituents and their salts are called barbiturates[1]. Barbituric acid was 
first synthesized by Adolf Bayer in 1864 by condensation of urea with 
malonic acid [2]. A modern modification of Bayer's synthesis is the use of 
the diethyl ether of malonic acid in the presence of sodium ethylate. 
Barbituric acid is used to obtain riboflavin, pyrimidine, violuric acid and 
uric acid. 

Alloxan (mesoxalylurea) is formed by the action of oxidizing agents on 
uric acid in the presence of free strong acids. Alloxan is formed by 
introducing uric acid in small portions into cooled concentrated nitric acid 
or by gradually adding bertolitic salt to the uric acid mixture. The salt 
solutions decompose on boiling to form mesoxalic acid and urea. 

 
Xanthine was synthesized by Armand Gauthier in 1884. The imidazole 

cycle of xanthine is nucleophilic: xanthine is halogenated to form 8-
halogenxanthines, azo-combination with diazonium salts also proceeds to 
form 8-azoxanthines, which can then be reduced to 8-aminoxanthine or 
hydrolyzed to uric acid. In neutral medium, xanthine is methylated by 
dimethyl sulfate on imidazole nitrogen atoms to form a dimethyl 
derivative of zwitter-ionic structure, depending on the pH of the reaction 

mixture, xanthine is methylated to 3,7-dimethyl- xanthine (theobromine), 1,3-
dimethylxanthine (theophylline) or 1,3,7-trimethylxanthine (caffeine). Xanthine is reduced by 
sodium amalgam or zinc in hydrochloric acid to 6-deoxyxanthine; under the action of potassium 
permanganate in acidic medium xanthine is oxidized with degradation of the imidazole cycle to 
2,4,5,6- tetraoxopyrimidine (alloxan). Xanthine is a product of purine catabolism and is formed  
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as a product of guanine degradation by guanine deaminase and by oxidation of hypoxanthine 
by xanthine oxidase. Under the action of the same xanthine oxidase, xanthine is further 
converted to uric acid. Xanthine derivatives include a number of stimulants such as caffeine and 
theobromine. Abiogenic xanthine (along with uracil) was discovered in the Murchison 
meteorite. 

Hypoxanthine is a natural derivative of the nitrogenous base purine. It 
is sometimes found in nucleic acids, where it is present in the anticodon of 
tRNA in the form of the nucleoside inosine. Hypoxanthine is formed by the 
reduction of xanthine by the enzyme xanthine oxidoreductase. 
Hypoxanthine is also a product of spontaneous deamination of adenine. 

Caffeine (theine) is a purine alkaloid found in plants such as coffee, tea, 
cocoa, Paraguayan holly (yerba mate), guarana, cola and others. In 
medicine, caffeine is used as a headache remedy, in migraine, as a 
respiratory and cardiac stimulant in colds, to increase mental and physical 
performance, to eliminate drowsiness. In industry, caffeine is synthesized 
from uric acid and xanthine. Traditional synthesis from uric acid consists of 
2 stages: the action of formamide on uric acid, resulting in the formation of 

xanthine. In the 2nd stage, xanthine undergoes methylation with dimethyl sulfate, and 
depending on the conditions, caffeine and theobromine may be obtained. Caffeine is obtained 
in a slightly alkaline medium at pH = 8.0-9.0. If methylation occurs in the presence of KOH and 
methanol at 60-70°C, theobromine is formed. An alternative semi-synthetic method is the 
heating of uric acid with acetic anhydride in the presence of a catalyst to form 8-
methylxanthine. The obtained 8-methylxanthine is methylated, and depending on the reaction 
conditions, 1,3,7,8-tetramethylxanthine or 3,7,8-trimethylxanthine can be obtained. When 8-
methylxanthine is methylated with excess dimethyl sulfate in slightly alkaline medium, 1,3,7,8-
tetramethylxanthine is obtained, and when methylated with methyl ester of benzene(toluene)-
sulfonic acid (220-230°C in the presence of CaO), 3,7,8- trimethylxanthine (8-
methylteobromine) is obtained. There is also a synthesis from cyanacetic acid and dialkylurea, 
which is the most economical. 

Theophylline (1,3-dimethylxanthine) is a methylxanthine, a drug 
used in the treatment of respiratory diseases such as chronic obstructive 
pulmonary disease and asthma, available under various trade names. It is 
a derivative of the xanthine family, structurally and pharmacologically 
similar to theobromine and caffeine. Theophylline is found in cocoa beans. 

Theobromine is a purine alkaloid that can be converted into caffeine 
either by heating to 100°C with methyl iodide, caustic potassium and 

alcohol, or by precipitation of the silver salt of theobromine with methyl 
iodide. In medicine, theobromine is used to treat bronchopulmonary diseases. 
The double salt of theobromine with sodium salicylic acid, known as diuretin, 
is also used. 

Cytosine is a nitrogenous base, a derivative of pyrimidine. Cytosine 
exhibits basic properties, reacts with alkalis and acids, reacting with nitric 
acid it is deaminated to become uracil. It enters into photohydration reaction 
with the formation of cytosine hydrate, attaching water under the action of 
ultraviolet rays. 

Thymine (5-methyluracil) is a pyrimidine derivative, one of the five 
nitrogenous bases. It is present in all living organisms, where together with 
deoxyribose it is part of thymidine nucleoside, thymine 
deoxyribonucleotides are part of DNA, in RNA it is replaced by uracil 
ribonucleotide. Thymine is complementary to adenine, forming hydrogen 
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bonds with it. According to research, thymine dissipates the energy of ultraviolet radiation, 
protecting DNA from its damaging effects 

Uracil(2,4-dioxopyrimidine)-pyrimidine base, which is a component of 
RNA and is usually absent in DNA, is part of the nucleotide. In nucleic acids, it 
can bind complementarily to adenine, forming two hydrogen bonds. First 
detected in the products of yeast nucleic acid cleavage. 

Allantoin is a heterocyclic compound, a five-membered cycle containing 
a carbamide substituent at the 4th position. Allantoin was discovered in the 
callus of the coffee plant Coffea Arabica. Several methods are currently 
known for the isolation of allantoin from natural raw materials from cell 
culture of Coffea arabica and from leaf explants and apical shoots of 
Mertensia maritima. Allantoin has found wide application as one of the 

active components in skin care products, promotes healing of scar tissues and scars, which 
makes it in demand in cosmetology and pharmaceutical practice. Today allantoin is included in 
more than 1300 different cosmetic products. The main consumers of allantoin are 
manufacturers of cosmetic products, as well as enterprises of the pharmaceutical industry, 
which use it as a raw material for the production of drugs for the treatment of various diseases. 
In addition, allantoin is used in agriculture, as a plant growth regulator, as part of fertilizers and 
veterinary disinfectants. 

Glycoluriles. In the chemistry of heterocyclic compounds, bicyclic bisurea(BBM) occupy a 
special place, among which 2,4,6,8-tetraazabicyclo[3.3.0.]octane-3,7- dione 1 (glycoluryl) 
(Figure 9) and its derivatives are of the greatest interest.[38-48]. The history of glycoluryl 
chemistry dates back to the second half of the 19th century, when a number of researchers 
succeeded in synthesizing the progenitor of this class of compounds. The first report on the 
synthesis of glycoluriles was made by Schiff in 1877. Since then, the chemistry of glycoluriles, 
primarily due to the polyfunctionality of their structure, has undergone rapid development, 
which is reflected in the creation of valuable substances based on them in various spheres of 
human activity: disinfectants, drugs, stabilizers of polymers, independent explosives or their 
components and other important substances and materials. 

 

 
Figure 9. Structural formula of glycoluryl 1 (1a) and its spatial configuration in the crystal (1b) 

 
As can be seen from Figure 9, the glycoluryl molecule is non-flat. It looks like a "half-open" 

book, which mainly determines its tendency to form macrocyclic compounds with different 
number of glycoluryl links. Glycoluryl is a polyfunctional compound in which the urea fragment 
(Figure 9) essentially determines the properties of the molecule, which are due to the presence 
of two reaction centers in the molecule (4 donor groups (-NH) and 2 acceptor groups (C=O)). 
Glycoluryl has the properties of a very active n- nucleophile and an essentially deactivated p-
nucleophile. It enters into N-alkylation, N-acylation, N-halogenation, N- nitration, N-nitrosation, 
N-hydroxyalkylation, etc. reactions. However, the presence of the bond (NH-C=O) with the 
electron acceptor carbonyl group makes it less reactive base, therefore, it is difficult to 
protonate, and its products formed as a result of electrophilic attack on the nitrogen atom are 
prone to decomposition, and the weak electrophilic properties of the carbonyl group, due to the 
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influence of two unshared pairs of electrons from nitrogen atoms, which compensate for the 
electron acceptor effect of the carbonyl group. 

Many synthesis methods have been developed during the study of bicyclic bisurea (BBM), 
where one of the most convenient is the method for the preparation of glycoluriles based on 
urea and α-dicarbonyl compounds (Figure 10). Molecules of glycoluryl derivatives with 
different number of substituents on N-, C- atoms can be synthesized both directly and by further 
modification of glycoluryl itself. Due to the valuable properties of HBMs, methods of their 
synthesis using urea are constantly being improved. Classification of PMBMs, provides 
consideration of structural units, which are characterized by the size of cycles and methods of 
their joining[49]: 

 

 
Figure 10. Bicyclic bisurea bisoureas of octane A, nonane B and decane series - C and D 

 
The above-mentioned PMs contain octane, nonane and decane skeletal bases in their 

structure. Bicyclooctane-type PBMs are synthesized by reaction of 1,2-diketones, a- 
hydroxyketones, a-ketomonooximes and a- isonitrosoketones with urea, mainly under acid 
catalysis conditions. The octane series PBMs can be prepared in a stepwise manner. Initially, 
4,5-dihydroxyimidazolidin-2-ones are synthesized from the corresponding 1,2- bifunctional 
compounds (usually from 1,2-dicarbonyl compounds) and urea, which are then cyclized with 
urea. The advantage of the stepwise synthesis of BBMs is that this approach allows to obtain 
BBMs of asymmetric structure. BBMs of bicyclononan series are synthesized by reaction of 1,3-
dicarbonyl compounds or their analogs with ureas. BDMs of bicyclodecane series are usually 
synthesized from preliminarily obtained ureidopyrimidines or by interaction of the latter with 
aldehydes. 

Methods for the synthesis of glycoluriles are constantly evolving, since they are not only of 
independent interest as biologically active compounds, but also are precursors for obtaining a 
large number of compounds with practically significant properties. 

 
Practically valuable glycoluryl-based substances. 

Glycoluryl has found industrial application as a slow-release agent, 
are also versatile precursors of polycyclic ring systems. 

 
 
 

Mebicar is a daytime tranquilizer of wide application, It regulates 
disturbed night sleep without having a direct sleeping effect. Eases or 
relieves nicotine withdrawal. 
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Tetrahydroxymethylglycoluryl - used as a cross-linking agent in the 
preparation of glycoluryl-formaldehyde resins and high-quality 
thermosetting coatings. It is used in the manufacture of negative-type 
photoresistors, is a stabilizer of water-based dyes, is used in the 
synthesis of supramolecular objects, and as a bactericidal agent of 
aqueous compositions. 

Halogen derivatives of glycoluryl - find wide 
application as oxidizing agents, halogenating agents, 
disinfectants, bleaching agents, detergents, have 
bactericidal activity, which depends on the type of 
halogen. 

 
 

Tetraacetylglycoluril is a bleaching activator in synthetic detergents, 
a mild reagent for intermediate protection by acetyl group of biogenic 
substances (alcohols, sulfides, amines, enzymes) in order to preserve the 
configuration and optical orientation of the original molecules. 

 
 
 

 
 

Tetrakis(methylene phosphoric acid)glycoluryl is an efficient 
catalyst for the synthesis of azagetherscycles 

 
 
 
 
 
 

 
Tetranitroglycoluril - used in mixtures with high-energy explosives, 

as a component of propellants and gunpowder, booster charge and 
intermediates of other explosives. 

 
 
 
 
Dinitroglycoluryl - an efficient polymer pore former. 
 
 
 
 
 
Tetrabenzylglycoluryl - an effective stabilizer for polymeric 

materials. 
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The new functional polymer was prepared by copolymerization of 

4- vinylpyridine and 1, 3, 4, 6- tetraallylglycolsulfuryl 
 
 

Included in an antireflective coating composition for use 
with a photoresistor coating. 

 
 
 
 
Tetra (2-cyanoethyl) glycoluryl is a convenient synthon 

for the preparation of novel macrocyclic compounds. 
 
 
 
 

A convenient synthon for the preparation of new 
macrocyclic compounds. 

 
 
 
 
Nanostructured catalyst for the synthesis of novel 

compounds. 
 
 
 
 

 
 
N-Phosphorylated glycoluryl derivatives are flame retardants and are excellent nitrogen-

phosphorus synergistic flame retardants [50]. 
The reactions of glycoluriles with formaldehyde have provided the basis for rapid progress in 

the chemistry of condensed polycyclic derivatives of glycoluriles, the marocycles, which are of 
interest as objects of study in chemistry [51, 52].  
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Macrocyclic polymer with excellent light-stabilizing properties. 

 
 
Crown ethers form complexes with cations and dicationes (alkali metals, NH4+, 

AlkNH,H++3N(CH)2nNH+ (n=39), xylene and phenylenediammonium) with 1:1 stoichiometry. 
According to the authors, the structure of these complexes represents the sandwich and 
"clamshell" type. 

Cryptands (coronands) can form stable complexes with nitroaromatic compounds, e.g. 
nitrobenzenes.  

In conclusion of this summary, we consider it necessary to draw the attention of researchers 
to the following points in the track of synthesis of new macrocyclic compounds based on 
glycoluriles. 

Glycoluryl is not an ideal template for biomimetic cycling, primarily due to the low solubility 
of this compound in most organic solvents, which often leads to the use of very harsh conditions 
for the direct synthesis of targeted macrocyclics. One interesting possibility to overcome this 
barrier is to utilize other glycoluryl derivatives by adding a reagent to the parent glycoluryl 
template or, more efficiently, to its reactive adduct, generally leading to various interesting 
unexpected structures. The design of glycoluryl template in the synthesis of macrocyclic 
compounds is mostly based on condensation reactions and rarely some other reactions are 
presented. In addition, based on the generalization, it can be stated that the application of 
glycoluryl in the synthesis of high molecular weight compounds (polymers) is relatively 
understudied and has an underdeveloped potential for a wide range of new studies to obtain 
practically valuable substances. Synthesis and study of chemical properties of bicyclic  
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bismoureas allowed us to reach new classes of nitrogen-containing heterocyclic compounds 
with other practically useful properties, such polycyclic condensed systems as propellanes, 
cucurbit[n]urils and bambus[n]urils, the building blocks of which are glycoluryl. 

Propellanes. Of independent interest in recent years is 3,7,10-trioxo-2,4,6,8,9,11-hexaaza 
[3.3.3] propellane (Figure 11), a cyclic urea derivative consisting of three condensed cycles 
linked by a common carbon-carbon bond that includes a glycolurilic fragment [53, 54]. 

 

 
Figure 11. Synthesis of hexaazapropellanes 

 
Interestingly, uric acid was used as the starting compound for the synthesis of this 

propellane, which led to 1,5-diaminoglycoluril under the oxidizing action of Na S O228. The 
subsequent tricyclization step was satisfactorily carried out using di-tert-butyl carbonate (Boc2 
O), forming the intermediate 27 at room temperature. The final step of removing the protecting 
Boc group led to the formation of the target product 19, and the structures of 27 and 19 were 
confirmed by X-ray diffraction analysis. Judging from the experimental data, more successful 
results were achieved when carbonyldiimidazole was used as a carbonylating reagent instead 
of di-tert-butyl carbonate. The series of studies is aimed at finding ways to functionalize 3,7,10-
trioxo-2,4,6,8,9,11-hexaaza [3.3.3] propellane. To search for new practically valuable 
substances, methods for preparation of hexaalkyl derivatives of 3,7,10-trioxo- 2,4,6,6,8,9,9,11-
hexaase [3.3.3] propellane (methyl-, ethyl-, propyl derivatives), mono- and dinitro derivatives 
of 3,7,10-trioxo-2,4,6,8,9,11-hexaase [3.3.3] propellane were further developed. The complete 
acetylation of 3,7,10- trioxo-2,4,6,8,9,11-hexaase [3.3.3] propellane was found to occur in two 
stages through the formation and release of intermediate 2,6-di- and 2,6,9-triacetyl substituted 
derivatives of 3,7,10-trioxo-2,4,6,8,9,11- hexaase[3.3.3]propellane. 

 
Macrocycles and supramolecular systems based on glycoluryls. 
Cucurbituriles [55-78]. Cucurbituriles are macrocyclic molecules composed of glycoluryl 

monomers linked by methylene bridges (-CH2 -). The oxygen atoms are arranged along the 
plane and tilted inward, forming a partially closed cavity. Cucurbiturils are usually written as 
cucurbit[n]uril, where n is the number of glycoluril units. Two common abbreviations are 
adopted, CB[n] or simply CBn. and Q Cucurbituriles were first synthesized in 1905 by Behrend 
by condensation of glycoluryl with formaldehyde, but their structure was not determined until 
1981. To date, all known cucurbituriles consisting of 5, 6, 7, 8, 10 and 14 repeating units have 
been isolated. 

The initial process for the synthesis of CB [6] consisted of the interaction of glycoluryl and 
excess formaldehyde in the presence of HCl to yield a precipitate; this was dissolved in 
concentrated H2SO4 at 110°C and then diluted with water and crystallized, yielding CB [6]. Kim 
and coworkers modified the reaction parameters in the synthesis of cucurbituril and diversified 
the CB[n] family with new penta-, hepta-, and octameric homologues. Carrying out the reaction 
in 9 M H2 SO4 for 36h at 75-100 °C gives a mixture of isolated CB[n] homologs (n = 5-8, 10), the 
content of which is 60% CB [6], 20% CB [7], 10% CB [5] and 10% mixture of other homologs 
(Figure 12). The isolated homologs are further purified by recrystallization. 
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Figure 12. Scheme of synthesis by Kim CB[n] (n = 5-8, 10) 

 
These separation and purification methods are convenient, but in most cases do not 

guarantee complete purification. Trace amounts of other CB[n] homologues, acids and solvents 
used in the precipitation and crystallization steps, or cationic particles such as NH4 +, often 
contaminate the desired CB[n]. 

Cucurbituriles are of particular interest in the field of chemistry because they are hosts for 
neutral and cationic compounds. Binding to neutral particles is thought to occur through 
hydrophobic interactions, and in the case of cationic compounds through cation-dipole 
interactions. The sizes of cucurbituriles are usually in the range of 10 Å. For example, the cavity 
of cucurbit [6] uril has a height of ~ 9.1 Å, an outer diameter of ~ 5.8 Å and an inner diameter 
of ~ 3.9 Å. 

The major members of the CB[n] family (n = 5-8) have rather rigid skeletons, in contrast to 
other macrocycles. However, the largest homologs discovered so far, CB [10], CB [13], CB [14], 
and CB [15], have structural flexibility. For example, CB [10] has an elliptical crystal structure 
unlike the major members, while the other senior homologs of CB[n] have twisted crystal 
structures. The sizes of the most common CB[n] homologs and inverted iCB[n] homologs are 
shown in Figure 13. For example, for CB[n] (n = 5-8, 10), the cavity diameters are 2 Å larger 
than the portal diameters, and the difference between the outer and inner diameters is about 
8.5-8.8 Å. All CB[n], including the inverted ones, have the same height of 9.1 Å. However, the 
cavity diameters for the inverted homologs are smaller than their non-inverted counterparts 
because of the presence of a single glycoluric linker with methyl protons pointing into the 
cavity. 

 
 

Figure 13. Structural parameters of the basic CB[n] homologs and inverted CB[n] 
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CB[n] binds to metal cations through two carbonylated portals; however, most metals 

interact with only a small fraction of the oxygen atoms at the CB[n] rim (i.e., the metal is usually 
not in the center of the portal, with the exception of cesium) .65-67 In the case of alkali and 
alkaline earth metals, multiple cations may occupy the same portal. Transition metal ions do 
not usually interact directly with the oxygen atoms of the CB[n] rim, and binding occurs 
between carbonyl groups. In the case of lanthanides, both direct metal-portal and metal-water-
portal interactions have been observed. CB[n] can encapsulate numerous organic compounds 
and, in most cases, the thermodynamic parameters can be determined by UV spectroscopy, 
isothermal titration calorimetry and 1H NMR. 

Applications of cucurbituriles. Cucurbituriles are used in supramolecular, synthetic, medical 
and material science industries, and find applications in drug delivery (Figure 14). 

 

 
Figure 14. Cucurbituil-based supramolecular complexes and ligand release 

 
In addition to the medicinal applications described above, CB[n] can be used as novel 

materials: CB[n]-containing polymers, dendrimers, metal nanoparticles, fullerenes, 
nanosheets, vesicles, films and surfaces, hydrogels. Such highly ordered hybrid materials are in 
demand for fine purification, separation and isolation of substances, target therapy against 
cancer, and in catalysis. Functional materials containing CB[n] have received increasing 
attention in recent years due to their versatile applications in fields including, but not limited 
to, theranostics, photonics, self-healing, sensing, and catalysis. Research work on the 
interaction of CB homologs and derivatives with biomolecules and drugs is presented because 
there have been many promising discoveries of supramolecular interactions between CB and 
biomolecules and small organic drug molecules that have potential implications in the field of 
medicine, which has become one of the most significant areas of potential applications for CB. 
Non- covalent interactions of peptides, proteins and drug molecules with CB homologs and 
derivatives are reviewed, and the ability of CB to modulate the function and bioactivity of these 
species through host-guest chemistry and the potential impact of CB on protein enrichment are 
discussed. 

Bambusuriles [78-93]. Bambusuriles were first synthesized in 2010. Bambusuriles (BU[n]) 
are a family of macrocyclic compounds consisting of n-2,4-disubstituted glycoluryl units 
connected through a single row of n- methylene bridges at the equator of the macrocycle 
(Figure 15). 

Bambusuriles are prepared by condensation reaction of 2,4- disubstituted glycoluryl with 
formaldehyde of Mannich reaction type in an acidic medium (Figure 15). The choice of solvent 
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depends on the glycoluryl linkage and can range from polar water to nonpolar chloroform. Most 
of the reactions studied lead to the formation of bambusuriles from four or six glycoluryl units. 
Using microwave synthesis, bambusuryls can be obtained because the reaction time is 
significantly reduced. 

 

 
Figure 15. Scheme of bambusuryl synthesis 

 
Currently, only two homologs of bambusuryl have been found, consisting of four (BU [4]) 

and six (BU [6]) glycoluryl units. These compounds have different supramolecular properties. 
BU [6] is an excellent receptor for various inorganic anions; however, BU [4] does not bind 
anions due to the small cavity size. In bambusurils, the methine protons are directed to the 
inside of the cavity. The shape of the bambusuryl macrocycle resembles part of a bamboo rod, 
hence the name. Two circles of methine fragment protons inside the macrocycle form the 
narrowest parts. The anion-binding site is usually located between these rows of methyl 
hydrogen atoms. Bambusuriles are excellent receptors for a variety of anions. The above-
mentioned properties distinguish bambusurils from cucurbiturils. Bambusuryls have a number 
of advantages over hemicucurbituriles because of their alternative arrangement of building 
blocks and a single row of methylene bridges. A list of registered bambusuryl derivatives is 
shown in (Figure 16). The type of substituent has a great influence on the solubility of 
bambusuryl derivatives. BU [6] is practically insoluble in any solvent, substitution of methyl 
groups with benzylic groups causes it to be soluble in chloroform and dimethyl sulfoxide. 
Water-soluble bambusuriles were obtained by incorporating carboxyl functional groups into 
their structure. Another modification of the bambusuryl structure was achieved by replacing 
the oxygen atom with a carbon atom. 

 
Figure 16. List of registered bambusuryl derivatives 

 
Applications of bambusuriles. Bambusuryls have interesting supramolecular properties, 

and as a consequence, they can be applied in several fields. Bambusuriles can serve as a variety 
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of receptors for anions, which is used in organocatalysis, in developing new sensors and 
creating sensor matrices for anionic agents. 

Applications of urea. Many years of research in urea chemistry have created valuable 
substances and materials that have found wide application in various aspects of human life [20-
24, 28-34,37-40,44-49, 52]. Figure 17 schematically depicts the main directions of urea 
application in different fields of science and technology. 

 
Figure 17. Main applications of urea 

 
For example, urea-formaldehyde resins (UFRs) are the most widely used thermosetting 

binders in producing wood composite materials for structural purposes, a significant part of 
which is focused on producing particleboards. CFS is a product of polycondensation of urea and 
formaldehyde at different molar ratios, in aqueous solution in several stages with variable 
acidity. Along with other thermosetting, condensation binders, urea- formaldehyde resins are 
the cheapest and most available product with the ability to cure rapidly in the presence of 
catalysts, as well as a relatively high concentration at reduced viscosity, which provides low 
shrinkage in the process of pressing wood boards. The brand range of SFCs has reached an 
impressive size and continues to grow and improve by developing new grades to replace non- 
competitive grades. In addition to KPS, various polyureas have been obtained and studied [96-
99]. 

Many complex compounds (CC) of metal salts with urea have been described in the 
literature. In these compounds, urea, as a rule, is coordinated through the oxygen atom, but 
there are known cases of its coordination through the nitrogen atom. With the salts of s-metals, 
urea forms adducts and complex compounds in coordination with the oxygen atom. With salts 
of p-metals urea forms adducts and complexes also with coordination through the oxygen atom. 
Coordination compounds of d-metal salts with urea have been studied well enough. 
Coordination of urea occurs through oxygen atoms, but there is information about coordination 
through nitrogen atoms. Information on complex compounds of d-metal salts with urea in the 
literature is presented in large quantities, which can be explained by the strong coordination 
ability of d-metals due to the presence of vacancies at the (n-1)d-sublevel and good solubility 
of these metal salts in nonpolar solvents. Coordination compounds of f-metal salts (lanthanides 
and actinides) with urea are studied quite well, the main interest is because these compounds 
with the necessary luminescence-spectral properties are promising for use in such areas as 
lighting engineering, optoelectronics, laser technology, etc. 

Effective herbicides and pesticides have been developed based on urea [103-105]. Some 
ureas have proved to be convenient solvents (tetramethylurea [106] and silylurea [24], chiral 
ionic liquids) [107], valuable modifiers and stabilizers of organic materials [20], stabilisers of 
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photosensitizing materials in solar cells [108]. Among ureas, hydrogels have been found in the 
preparation of cyclodextrin/cellulose, biodegradable hydrogels with good mechanical 
properties, chiral urea derivatives are highly gel-forming towards organic solvents [109-110] 
and catalysts have been found for various processes [111-113].  

Ureas are excellent reagents for synthesising many nitrogen-containing acyclic and 
heterocyclic compounds, the potential of which is illustrated in Figure 18. 

 

 
Figure 18. Ways of using urea in organic synthesis 

 
Urea-based pharmaceuticals. Although urea itself as a medical drug has very modest 

capabilities, there are many examples of the use of its derivatives as sleeping pills, narcotic, 
antipyretic, analgesic and anticonvulsant agents, for the treatment of diabetes, glycemia and 
helminthic diseases [114-120]. High antimicrobial, proteolytic, inhibitor, antiepileptic activity, 
etc. were found among the first synthesized urea. 

Due to the high biogenic activity of urea, the transport of which involves many processes in 
the body, introducing a urea fragment into substances with well-known biological activity 
allowed, in some cases, to obtain interesting results. 

Drugbank (version 4.3), among approved and investigational drugs, contains 148 
compounds derived from acyclic urea. The ChEMBL bioactivity database (version 20) includes 
76,494 biologically active urea-containing molecules, corresponding to about 5% of the 
indexed molecules. Of these, 34232 preparations contain an N,N'-disubstituted urea moiety and 
39426 contain a trisubstituted one (Figures 2, 19) [114-120]. 

 
 

Figure 19. Biological activity of urea derivatives 
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The vast majority of urea-containing compounds, in ChEMBL, are either N,N'-disubstituted 

(yellow) or trisubstituted (red). Monosubstituted ureas (green) as well as N,N-disubstituted 
ureas (blue) are less common. Urea derivatives are known to exhibit diverse biological 
activities toward kinases (yellow), proteases (orange), and other enzymes (red), as well as 
membrane receptors (blue) and ion channels (green). 

Interestingly, preparations with terminal ureide groups are rare: 2092 molecules based on 
monosubstituted and 743 compounds as N,N-disubstituted urea. No tetrasubstituted urea was 
found in the ChEMBL database. The vast majority of urea-containing compounds in ChEMBL 
are either N,N'-disubstituted or trisubstituted. Monosubstituted ureas as well as N,N-
disubstituted ureas are less common. Urea derivatives are known to exhibit diverse biological 
activities toward kinases, proteases and other enzymes, as well as membrane receptor ion 
channels. 

Urea is of great importance for cosmetology and dermatology, where it is used as a 
moisturizer to enhance transdermal drug penetration. In concentrations of 10-15% urea is 
used in surgery for wound treatment, as it dissolves coagulants and promotes epithelialization. 
In high concentrations (40%) urea breaks down proteins, which allows it to be used for the 
treatment of hyperkeratosis. Creams containing urea are prescribed for dermatitis, xerosis, 
ichthyosis, psoriasis, onychomycosis, eczema, dermatomycosis of the foot, etc. as a topical 
antifungal emollient and moisturizer. Urea clearance can be used as a relatively simple method 
to assess drug-induced changes in blood flow in human skin during microdialysis of vasoactive 
agents. The structures of known drugs in which the urea moiety is present are summarized 
below. 

 
Gilroxycarbamide. Antitumor agent. The presumed mechanism of action 

is inhibition of DNA synthesis. 
 
 

Ritonavir (Ritonavir)-an antiretroviral drug used in 
combination with other drugs to treat HIV/AIDS and HCV 
infection. Within two years of the approval of ritonavir 
(saquinavir), HIV-associated deaths in the United States dropped 
from more than 50,000 per year to about 18,000. 

 
 
 
 
 

Sorafenib is a targeted antitumor agent, a small- 
molecule multikinase inhibitor. Clinical trials have shown 
that sorafenib inhibits tumor growth in human renal cell and 
hepatic cell cancers. 

 
Regorafenib (commercial name Stivarga) is an oral 

multikinase inhibitor developed by Bayer that affects 
the processes of oncogenesis and angiogenesis in 
tumor tissue and disrupts the regulation of the tumor 
microenvironment by inhibiting various protein 
kinases. 
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Veronal(Barbital) a medication sold under the brand name Veronal. 
The drug was used as a sleeping pill from 1903 until the mid-1950s. 
Currently, barbital has limited use. 

 
 
Luminal(Phenobarbital). An ancestor of barbiturate-type drugs, an 

antiepileptic psychotropic drug from the group of barbiturates. 
Phenobarbital does not belong to the first-line drugs because of its 
pronounced sedative (sedative) effect. 

 
Benzonal. Antiepileptic drug. Practically has no sedative effect. 

The effect occurs in 20-60 min after oral administration. 
 
 
 
Halonal. Recommended for medical use and industrial release as 

an anticonvulsant drug. 
 
 
 
 
 
 

Benzobamyl. It has anticonvulsant, sedative effect. In large 
doses it may cause a sedative effect. It is used in epilepsy with 
localization of the focus of excitation mainly insubcortical 
formations. In subcortical localization of the epilepsy focus, the 
drug has a good therapeutic effect; it has not only 
anticonvulsant action, but also improves the general mental 
state (reduces or relieves headaches, lethargy, mood swings, 

etc.). The formulas of a number of barbiturate drugs (cyclobarbital, pentobarbital, 
ammobarbital), which are no longer used in clinical practice, are not listed here. 

Galodif. It is an original anticonvulsant drug developed for the 
treatment and prevention of epilepsy, as well as for the treatment of 
alcohol dependence. 

 
 
 
 
 
Phenytoin (diphenine). Anticonvulsant, has anticonvulsant, 

antiarrhythmic, analgesic, myorelaxant effect. 
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Mebicar (Adaptol). The drug belongs to anxiolytic, stress-protective, 
nootropic drugs. It regulates disturbed night sleep without having a direct 
sleeping effect. Eases or relieves nicotine withdrawal. 

 
 
 
Carbamazepine (Tegretol). Antiepileptic drug (dibenzazepine 

derivative), which also has normotensive, antimanic, antidiuretic (in 
patients with non-sugar diabetes) and  analgesic  (in  patients  with 
neuralgia) effects. 

 
 
 

Glyquidone. Oral hypoglycemic agent, sulfonylurea 
derivative of II generation. Stimulates insulin secretion by 
pancreatic β-cells, increases sensitivity of peripheral 
tissues to insulin, inhibits lipolysis in adipose tissue. It is 
characterized by a rapid and pronounced effect. Does not 

cause prolonged hyperinsulinemia. 
Glibenclamide (Cyclamide). Oral 

hypoglycemic agent, sulfonylurea derivative of II 
generation. Stimulates insulin secretion by 
pancreatic β-cells, increases insulin release. Acts 
mainly during the second stage of insulin 

secretion. 
Ketanserin (Serefrex, Surexal, Sufroxal). 

Causes dilation of blood vessels and has antihypertensive 
(blood pressure lowering) effect. 

 
 
 
 

Conclusion 
 
Since the discovery of urea synthesis from inorganic substances by F. Wöhler (1828), urea 

has always been the object of close research attention of both chemists and specialists of the 
widest profile. Almost two-century history of urea chemistry was marked by the creation of 
many dozens of valuable substances based on urea, which have been used as effective drugs, 
herbicides, polymers, monomers for polymeric materials, dyes, etc. The history of urea 
chemistry has been marked by the creation of many dozens of valuable substances. Despite the 
widespread popularity of urea as synthetic "simulator" objects in the hands of chemists, the 
chemistry of urea is constantly evolving, and the traditional ways of their use in chemistry are 
constantly being improved. In recent decades, the development of urea chemistry has led to the 
creation of specific self-organizing supramolecular systems on their basis, the growing interest 
in which is due to the unusual nature of their structure and the manifestation of their unique 
properties. Numerous studies in this area indicate that the attention of researchers will be 
attracted to further methods of synthesis and study of physicochemical properties of such 
supramolecular systems through the convergence of knowledge in the field of chemistry, 
physics, materials science, and, obviously, biomedical direction. The rapid progress in the 
utilization of urea for the preparation of such compounds has been accompanied by a rapid 



Evolution of urea from prebiotic molecule to supramolecular architecture 

Л.Н. Гумилев атындағы Еуразия ұлттық университетінің ХАБАРШЫСЫ                  №4(149)/ 2024                49 
Химия. География. Экология сериясы 
ISSN: 2616-6771. eISSN: 2617-9962 

development of theoretical insights in this field of knowledge, which is still ongoing. Although 
the chemistry and applications of urea have already been the subject of numerous topical 
review articles and separate sections in monographs, this article reflects almost all major 
aspects of the origin and evolution of urea chemistry. At the same time, considerable attention 
is paid to the various applications of acyclic and heterocyclic urea. 

 
Funding: This work was supported by Russian Science Foundation, grant RSF 24-43-20044 

(to IK). 
Conflict of interests: no conflict of interest. 
 
 
References 
 
1. Martins Z., Botta O., Fogel M.L., Sephton M.A., Glavin D.P., Watson J.S., Dworkin J.P., Schwartz A.W., 

Ehrenfreund P. Extraterrestrial nucleobases in the Murchison meteorite // Earth and Planetary Science 
Letters. - 2008. - Vol. 270, № 1–2. - P. 130–136. https://doi.org/10.1016/j.epsl.2008.03.026. 

2. Engel M.H., Macko S.A. Stable isotope analysis of amino acid enantiomers in the Murchison 
meteorite at natural abundance levels / ed. Hoover R.B. San Diego, CA, - 1997. - P. 82–85. 
https://doi.org/10.1117/12.278813. 

3. Furukawa Y., Chikaraishi Y., Ohkouchi N., Ogawa N.O., Glavin D.P., Dworkin J.P., Abe C., Nakamura 
T. Extraterrestrial ribose and other sugars in primitive meteorites // Proceedings of the National 
Academy of Sciences. - 2019. - Vol. 116, № 49. - P. 24440–24445. 
https://doi.org/10.1073/pnas.1907169116. 

4. Martins Z., Botta O., Fogel M.L., Sephton M.A., Glavin D.P., Watson J.S., Dworkin J.P., Schwartz A.W., 
Ehrenfreund P. Extraterrestrial nucleobases in the Murchison meteorite // Earth and Planetary Science 
Letters. - 2008. - Vol. 270, № 1–2. - P. 130–136. https://doi.org/10.1016/j.epsl.2008.03.026. 

5. Kaiser R.I. Experimental Investigation on the Formation of Carbon-Bearing Molecules in the 
Interstellar Medium via Neutral−Neutral Reactions // Chemical Reviews. - 2002. - Vol. 102, № 5. - P. 
1309–1358. https://doi.org/10.1021/cr970004v. 

6. Text: electronic // Gazeta.ru: [site]. - URL: 
https://www.gazeta.ru/science/news/2024/10/26/24244315.shtml (date of reference: 10.11.2024). 
[In Russian] 

7. Nuevo M., Bredehöft J.H., Meierhenrich U.J., d’Hendecourt L., Thiemann W.H.-P. Urea, Glycolic Acid, 
and Glycerol in an Organic Residue Produced by Ultraviolet Irradiation of Interstellar/Pre-Cometary Ice 
Analogs // Astrobiology. - 2010. - Vol. 10, № 2. - P. 245–256. https://doi.org/10.1089/ast.2009.0358. 

8. Muidinov R.Yu., Zorkii P.M. A comparative analysis of the crystal structures of carbamide and 
thiocarbamide // Journal of Structural Chemistry. - 1999. - Vol. 40, № 6. - P. 931–939. 
https://doi.org/10.1007/BF02700702. 

9. Amendola V., Fabbrizzi L., Mosca L. Anion recognition by hydrogen bonding: urea-based receptors 
// Chemical Society Reviews. - 2010. - Vol. 39, № 10. - P. 3889. https://doi.org/10.1039/b822552b. 

10. Kucheryavy V.I., Lebedev V.V. Synthesis and application of urea. - L., Khimiya,1970. – 448 p. 
11. Brusilow S. W., Horwich A. L. Urea cycle enzymes. // The Metabolic Basis of Inherited Diseas / 

еds. C. R. Striver, A. L. Beaudet, W. S. Sly, D. Valle. — New York: McGraw-Hill, 1989. — Р. 629–663. 
12. Jones E. A. Hepatic encephalopathy and GABA-ergic neurotransmission. // Hepatic 

encephalopathy: management with lactulose and related carbohydrates / eds.: H. О. Conn, J. Bircher. — 
East Lansing, MI: Medi-Ed, 1988. — Р. 61–80. 

13. Berezov T., Korovkin B.F. - Biological Chemistry: Textbook. - M.: Medicine, 1998.- 704 p. [In 
Russian] 

14. Atkinson D.E., Camien M.N. The Role of Urea Synthesis in the Removal of Metabolic Bicarbonate 
and the Regulation of Blood pH // Current Topics in Cellular Regulation. Elsevier, - 1982. - Vol. 21. - P. 
261–302. https://doi.org/10.1016/B978-0-12-152821-8.50014-1. 

15. Mountain R.D., Thirumalai D. Molecular Dynamics Simulations of End-to-End Contact Formation 
in Hydrocarbon Chains in Water and Aqueous Urea Solution // Journal of the American Chemical 
Society. - 2003. - Vol. 125, № 7. - P. 1950–1957. https://doi.org/10.1021/ja020496f. 

https://doi.org/10.1016/j.epsl.2008.03.026
https://doi.org/10.1007/BF02700702
https://doi.org/10.1021/ja020496f


A.A. Bakibaev 

50                 №4(149)/ 2024               Л.Н. Гумилев атындағы Еуразия ұлттық университетінің ХАБАРШЫСЫ 
Химия. География. Экология сериясы 

ISSN: 2616-6771. eISSN: 2617-9962 

16. Kyne G. M., Light M. E., Hursthouse M. B., Mendoza J. de, Kilburn J. D. Enantioselective amino acid 
recognition using acyclic thiourea receptors // J. Chem. Soc., Perkin Trans. 1. – 2001. – Vol. 11. – P. 1258–
1263. – DOI: https://doi.org/10.1039/B102298A 

17. Aronson D., Mittleman M. A., Burger A. J. Elevated blood urea nitrogen level as a predictor of 
mortality in patients admitted for decompensated heart failure // The American Journal of Medicine. – 
2004. – Vol. 116, №7. – P. 466–473. – DOI: https://doi.org/10.1016/j.amjmed.2003.11.014 

18. Chang R. S., Robertson C. R., Deen W. M., Brenner B. M. Permselectivity of the glomerular capillary 
wall to macromolecules. I. Theoretical considerations // Biophysical Journal. – 1975. – Vol. 15, №9. – P. 
861–886. – DOI: https://doi.org/10.1016/S0006-3495(75)85862-0 

19. Aronson D., Hammerman H., Beyar R., Yalonetsky S., Kapeliovich M., Markiewicz W., Goldberg A. 
Serum blood urea nitrogen and long-term mortality in acute ST-elevation myocardial infarction // 
International Journal of Cardiology. - 2008. - Vol. 127, № 3. - P. 380–385. 
https://doi.org/10.1016/j.ijcard.2007.05.013. 

20. Vishnyakova T.P., Golubeva I.A., Glebova E.V. Substituted Ureas. Methods of Synthesis and 
Applications // Usp. Khim. – 1985. – Vol. 54, № 3. - Р. 429–449; Russian Chemical Reviews. - 1985. - Vol. 
54, No. 3. - P. 249–261. [In Russian] 

21. Kutepov D.F. Chemical advances in synthesis and reactions of diarylureas // Russian Chemical 
Reviews. - 1962. - Vol. 31, № 11. - P. 633–655. https://doi.org/10.1070/RC1962v031n11ABEH001325. 

22. Bakibaev A.A., Shtrykova V.V. Isoureas: synthesis, properties, and applications // Russian 
Chemical Reviews. - 1995. - Vol. 64, № 10. - P. 929–938. 
https://doi.org/10.1070/RC1995v064n10ABEH000185. [In Russian] 

23. Afanas’ev V.A., Dzhamanbaev Z.A., Zaikov G.E. Derivatives of Carbohydrates with Carbamide 
Fragments // Russian Chemical Reviews. - 1982. - Vol. 51, № 4. - P. 377–386. 
https://doi.org/10.1070/RC1982v051n04ABEH002847. 

24. Kozyukov V.P., Sheludyakov V.D., Mironov V.F. Silicon-containing Ureas // Russian Chemical 
Reviews. - 1975. - Vol. 44, № 5. - P. 413–430. https://doi.org/10.1070/RC1975v044n05ABEH002351. 

25. Hutchby M. Pd(II) Catalysed Aminocarbonylation of Alkenes // Novel Synthetic Chemistry of 
Ureas and Amides. Berlin, Heidelberg: Springer Berlin Heidelberg, - 2013. - P. 37–44. 
https://doi.org/10.1007/978-3-642-32051-4_2. 

26. McKay M.J., Nguyen H.M. Recent developments in glycosyl urea synthesis // Carbohydrate 
Research. - 2014. - Vol. 385. - P. 18–44. https://doi.org/10.1016/j.carres.2013.08.007. 

27. Bakibaev A.A., Mamaeva E.A., Yanovsky V.A., Bystritsky E.L., Yagovkin A.Yu. Preparative methods 
of synthesis of nitrogen-containing compounds based on urea. -Tomsk: Agraf-Press, 2007. - 164 p. [In 
Russian] 

28. Finkelyptein A.I., Shishkin N.P. Methods of production of cyanuric acid. // Izv. vuzov. Chemistry 
and Chemical Technology. - 1990. - T.ZZ, No.7. - P.3-12. [In Russian] 

29. Levina R.Y., Velichko F.K. ADVANCES IN THE CHEMISTRY OF BARBITURIC ACIDS // Russian 
Chemical Reviews. - 1960. - Vol. 29, № 8. - P. 437–459. https://doi.org/10.1070/RC1960v029n08ABEH001245. 

30. Wiebe L. Syntesen af barbiturater // Dan. kemi. - 1985. - vol.66. - №9. -p.245-251. - p.253-255 
31. Bojarski J.T., Mokrosz J.L., Bartoń H.J., Paluchowska M.H. Recent Progress in Barbituric Acid 

Chemistry // Advances in Heterocyclic Chemistry. Elsevier, - 1985. - Vol. 38. - P. 229–297. 
https://doi.org/10.1016/S0065-2725(08)60921-6. 

32. López C.A., Trigo G.G. The Chemistry of Hydantoins // Advances in Heterocyclic Chemistry. 
Elsevier, - 1985. - Vol. 38. - P. 177–228. https://doi.org/10.1016/S0065-2725(08)60920-4. 

33. Avetisyan C.A., Azaryan L.V., Kocharov S.L. Synthesis and properties of hydantoins. 1. Methods of 
synthesis of hydantoins. // Arm. chem. jurn. - 1986. - V.39, №3. - P.151-168. [In Russian] 

34. Avetisyan S.A., Azaryan L.V., Kocharov S.L. Synthesis and properties of hydantoins. 2. Chemical 
properties of hydantoins. // Arm. chem. jurn. - 1988. - V. 41, NO.9. - P.548-571. [In Russian] 

35. Mamaev V.P., Vais A.L. Pyrimidines: XLVII. New method for the synthesis of 2-aminopyrimidines 
// Chemistry of Heterocyclic Compounds. - 1975. - Vol. 11, № 11. - P. 1322–1326. 
https://doi.org/10.1007/BF00474465. 

36. Карре С.О. 100 Years of Biginelli dihydropyrimidine synthesis. // Tetrahedron. - 1993. - Vol.49, 
N32. - P.6937-6963. 

https://doi.org/10.1016/S0006-3495(75)85862-0
https://doi.org/10.1070/RC1960v029n08ABEH001245
https://doi.org/10.1016/S0065-2725(08)60921-6


Evolution of urea from prebiotic molecule to supramolecular architecture 

Л.Н. Гумилев атындағы Еуразия ұлттық университетінің ХАБАРШЫСЫ                  №4(149)/ 2024                51 
Химия. География. Экология сериясы 
ISSN: 2616-6771. eISSN: 2617-9962 

37. Bakibaev A.A., Il’yasov S.G., Tatarenko O.V., Tuguldurova V.P., Zorin A.O., Malkov V.S., Kasyanova 
A.S. Allantoin: synthesis and chemical properties. // Bulletin of the Karaganda University. “Chemistry” 
series. - 2020. - Vol. 97, № 1. - P. 7–21. https://doi.org/10.31489/2020Ch1/7-21. 

38. Petersen H. Syntheses of Cyclic Ureas by α-Ureidoalkylation // Synthesis. - 1973. - Vol. 1973, № 
05. - P. 243–292. https://doi.org/10.1055/s-1973-22190. 

39. Bakibaev A.A., Yagovkin A.Y., Vostretsov S.N. Methods of synthesis of nitrogen-containing 
heterocycles using ureas and related compounds // Russian Chemical Reviews. - 1998. - Vol. 67, № 4. - 
P. 295–314. https://doi.org/10.1070/RC1998v067n04ABEH000295. 

40. Kravchenko A.N., Chikunov I.E. Chemistry of ureido carboxylic and ureylene dicarboxylic acids // 
Russian Chemical Reviews. - 2006. - Vol. 75, № 3. - P. 191–206. 
https://doi.org/10.1070/RC2006v075n03ABEH003589. 

41. Panshina S.Yu., Ponomarenko A.A., Bakibaev A.A., Malkov V.S. Analysis of X-ray structural 
characteristics of glycoluryl and its derivatives. //Journal of Structural Chemistry. - 2020. - V. 61, № 9. - 
P. 1389-1432.  

42. Bakibaev A.A., Zhumanov K.B., Panshina S.Y., Gorbin S.I., Khrebtova D.V., Ponomarenko O.V., 
Malkov V.S., Tsoi I.G., Matniyazova G.K., Baibazarova E.A. NMR spectra of phosphorylated carbamide-
containing heterocycles: features of chemical shifts from the valence state of phosphorus and cycle size. 
//Investigations of the National Academy of Sciences of the Republic of Kazakhstan. - 2019. - V.5, N437. 
- P.100-107 [In Russian] 

43. Bakibayev A., Zhumanov K., Panshina S., Gorbin S., Malkov V., Tsoy I., Massalimova B., Matniyazova 
G., Baybazarova Е. Synthesis methods of phosphorylated carbamide containing acyclic and heterocyclic 
compounds // Bulletin of the Karaganda University. Chemistry” series. - 2019. - Vol. 95, № 3. - P. 115–
157. https://doi.org/10.31489/2019Ch3/115-157. 

44. Bakibaev A.A., Malkov V.S., Gorbin S.I., Hoang N.P., Panshina S.Yu. Tetraacetylglycoluril and its 
derivatives: synthesis, properties and application // izvestiya vysshikh uchebnykh zavedenii khimiya 
khimicheskaya tekhnologiya. - 2019. - Vol. 62, № 9. - P. 4–19. 
https://doi.org/10.6060/ivkkt.20196209.5924. 

45. Bakibaev A.A., Yagovkin A.Yu, Korolkova S.M. Chemical properties and application and their 
derivatives imidazolidin-2-ones. //Vuzvestiya vuzov. Chemistry and Chemical Technology.  - 2000. - 
V.43, N.3. - P.43-64.  

46. Kravchenko A.N., Baranov V.V., Gazieva G.A. Synthesis of glycolurils and their analogues // 
Russian Chemical Reviews. - 2018. - Vol. 87, № 1. - P. 89–108. https://doi.org/10.1070/RCR4763. 

47. Bakibaev A., Malkov V., Kurgachev D.A., Kotelnikov O.A. Methods of analysis of glycoluril and its 
derivatives // Bulletin of the Karaganda University. Chemistry” series. - 2020. - Vol. 100, № 4. - P. 5–34. 
https://doi.org/10.31489/2020Ch4/5-34. 

48. Ponomarenko O., Panshina S., Bakibaev A., Erkasov R. Sh., Kenzhebaj M., Montaeva A. Glycoluril 
and Its Chemical Properties // Eurasian Journal of Chemistry. - 2023. - Vol. 110, № 2. - P. 4–28. 
https://doi.org/10.31489/2959-0663/2-23-9. 

49. Lebedev O.B., Khmelnitsky L.I., Epishina L.V. et al. Saturated bicyclic bismochevins - a new class 
of substances with psychopharmacologic activity // In Collected Works: Targeted search for new 
neurotropic drugs. Riga. - 1983. - P.81-93. 

50. Bakibayev A., Zhumanov K., Panshina S., Gorbin S., Malkov V., Tsoy I., Massalimova B., Matniyazova 
G., Baybazarova Е. Synthesis methods of phosphorylated carbamide containing acyclic and heterocyclic 
compounds // Bulletin of the Karaganda University. Chemistry” series. - 2019. - Vol. 95, № 3. - P. 115–
157. https://doi.org/10.31489/2019Ch3/115-157. 

51. Barsegyan Y.A., Baranov V.V., Kravchenko A.N. Glycolurils in the synthesis of fused 
polyheterocyclic compounds // Chemistry of Heterocyclic Compounds. - 2017. - Vol. 53, № 2. - P. 116–
122. https://doi.org/10.1007/s10593-017-2029-5. 

52. Kabieva S.K., Zhumanazarova G.M., Kanasheva N., Bakibaev A.A., Panshina S.Yu., Malkov V.S., 
Mamaeva E.A., Knyazev A.S. Methods of synthesizing glycoluril-based macrocyclic compounds as 
precursors for polymeric compounds // Journal of Saudi Chemical Society. - 2023. - Vol. 27, № 6. - P. 
101768. https://doi.org/10.1016/j.jscs.2023.101768. 

53. Levin M.D., Kaszynski P., Michl J. Bicyclo[1.1.1]pentanes, [ n ]Staffanes, [1.1.1]Propellanes, and 
Tricyclo[2.1.0.02,5 ]pentanes // Chemical Reviews. - 2000. - Vol. 100, № 1. - P. 169–234. 
https://doi.org/10.1021/cr990094z. 

https://doi.org/10.31489/2020Ch1/7-21
https://doi.org/10.1055/s-1973-22190
https://doi.org/10.1070/RCR4763
https://doi.org/10.31489/2020Ch4/5-34
https://doi.org/10.31489/2019Ch3/115-157
https://doi.org/10.1021/cr990094z


A.A. Bakibaev 

52                 №4(149)/ 2024               Л.Н. Гумилев атындағы Еуразия ұлттық университетінің ХАБАРШЫСЫ 
Химия. География. Экология сериясы 

ISSN: 2616-6771. eISSN: 2617-9962 

54. Dilmaç A.M., Spuling E., de Meijere A., Bräse S. Propellanes—From a Chemical Curiosity to 
“Explosive” Materials and Natural Products // Angewandte Chemie International Edition. - 2017. - Vol. 
56, № 21. - P. 5684–5718. https://doi.org/10.1002/anie.201603951. 

55. Cucurbituril–based Functional Materials./Ed.D.Tuncel //Royal Society of Chemistry. - 2019. – 
289 p. 

56. Gerasko O.A., Samsonenko D.G., Fedin V.P. Supramolecular chemistry of cucurbiturils // Russian 
Chemical Reviews. - 2002. - Vol. 71, № 9. - P. 741–760. 
https://doi.org/10.1070/RC2002v071n09ABEH000748. 

57. Lagona J., Mukhopadhyay P., Chakrabarti S., Isaacs L. The Cucurbit[ n ]uril Family // Angewandte 
Chemie International Edition. - 2005. - Vol. 44, № 31. - P. 4844–4870. 
https://doi.org/10.1002/anie.200460675. 

58. Gerasko O.A., Kovalenko E.A., Fedin V.P. Macrocyclic cavitands cucurbit[ n ]urils: prospects for 
application in biochemistry, medicine and nanotechnology // Russian Chemical Reviews. - 2016. - Vol. 
85, № 8. - P. 795–816. https://doi.org/10.1070/RCR4595. 

59. Kim K., Selvapalam N., Ko Y.H., Park K.M., Kim D., Kim J. Functionalized cucurbiturils and their 
applications // Chem. Soc. Rev. - 2007. - Vol. 36, № 2. - P. 267–279. https://doi.org/10.1039/B603088M. 

60. Masson E., Ling X., Joseph R., Kyeremeh-Mensah L., Lu X. Cucurbituril chemistry: a tale of 
supramolecular success // RSC Adv. - 2012. - Vol. 2, № 4. - P. 1213–1247. 
https://doi.org/10.1039/C1RA00768H. 

61. Assaf K.I., Nau W.M. Cucurbiturils: from synthesis to high-affinity binding and catalysis // 
Chemical Society Reviews. - 2015. - Vol. 44, № 2. - P. 394–418. https://doi.org/10.1039/C4CS00273C. 

62. Ni X.-L., Xiao X., Cong H., Liang L.-L., Cheng K., Cheng X.-J., Ji N.-N., Zhu Q.-J., Xue S.-F., Tao Z. 
Cucurbit[n]uril-based coordination chemistry: from simple coordination complexes to novel poly-
dimensional coordination polymers // Chemical Society Reviews. - 2013. - Vol. 42, № 24. - P. 9480. 
https://doi.org/10.1039/c3cs60261c. 

63. Mock W.L. Cucurbituril // Supramolecular Chemistry II — Host Design and Molecular 
Recognition / ed. Weber E. Berlin, Heidelberg: Springer Berlin Heidelberg, - 1995. - Vol. 175. - P. 1–24. 
https://doi.org/10.1007/3-540-58800-0_16. 

64. Rudkevich D.M. Emerging Supramolecular Chemistry of Gases // Angewandte Chemie 
International Edition. - 2004. - Vol. 43, № 5. - P. 558–571. https://doi.org/10.1002/anie.200300606. 

65. Lee T.-C., Kalenius E., Lazar A.I., Assaf K.I., Kuhnert N., Grün C.H., Jänis J., Scherman O.A., Nau W.M. 
Chemistry inside molecular containers in the gas phase // Nature Chemistry. - 2013. - Vol. 5, № 5. - P. 
376–382. https://doi.org/10.1038/nchem.1618. 

66. Fedin P., Gerasko. Cucurbituril: playing in molecules // Priroda. - 2002. № 8. - P.3-13.  
67. Ma X., Zhao Y. Biomedical Applications of Supramolecular Systems Based on Host–Guest 

Interactions // Chemical Reviews. - 2015. - Vol. 115, № 15. - P. 7794–7839. 
https://doi.org/10.1021/cr500392w. 

68. Barrow S.J., Kasera S., Rowland M.J., Del Barrio J., Scherman O.A. Cucurbituril-Based Molecular 
Recognition // Chemical Reviews. - 2015. - Vol. 115, № 22. - P. 12320–12406. 
https://doi.org/10.1021/acs.chemrev.5b00341. 

69. Lee J.W., Samal S., Selvapalam N., Kim H.-J., Kim K. Cucurbituril Homologues and Derivatives: New 
Opportunities in Supramolecular Chemistry // Accounts of Chemical Research. - 2003. - Vol. 36, № 8. - 
P. 621–630. https://doi.org/10.1021/ar020254k. 

70. Das D., Assaf K.I., Nau W.M. Applications of Cucurbiturils in Medicinal Chemistry and Chemical 
Biology // Frontiers in Chemistry. - 2019. - Vol. 7. - P. 619. https://doi.org/10.3389/fchem.2019.00619. 

71. Cong H., Ni X.L., Xiao X., Huang Y., Zhu Q.-J., Xue S.-F., Tao Z., Lindoy L.F., Wei G. Synthesis and 
separation of cucurbit[n]urils and their derivatives // Organic & Biomolecular Chemistry. - 2016. - Vol. 
14, № 19. - P. 4335–4364. https://doi.org/10.1039/C6OB00268D. 

72. Day A., Arnold A.P., Blanch R.J., Snushall B. Controlling Factors in the Synthesis of Cucurbituril and 
Its Homologues // The Journal of Organic Chemistry. - 2001. - Vol. 66, № 24. - P. 8094–8100. 
https://doi.org/10.1021/jo015897c. 

73. Gürbüz S., Idris M., Tuncel D. Cucurbituril-based supramolecular engineered nanostructured 
materials // Organic & Biomolecular Chemistry. - 2015. - Vol. 13, № 2. - P. 330–347. 
https://doi.org/10.1039/C4OB02065K. 

https://doi.org/10.1039/B603088M
https://doi.org/10.1039/C1RA00768H
https://doi.org/10.1039/c3cs60261c
https://doi.org/10.1007/3-540-58800-0_16
https://doi.org/10.1021/cr500392w
https://doi.org/10.1021/acs.chemrev.5b00341
https://doi.org/10.1021/jo015897c
https://doi.org/10.1039/C4OB02065K


Evolution of urea from prebiotic molecule to supramolecular architecture 

Л.Н. Гумилев атындағы Еуразия ұлттық университетінің ХАБАРШЫСЫ                  №4(149)/ 2024                53 
Химия. География. Экология сериясы 
ISSN: 2616-6771. eISSN: 2617-9962 

74. Svec J., Necas M., Sindelar V. Bambus[6]uril // Angewandte Chemie International Edition. - 2010. 
- Vol. 49, № 13. - P. 2378–2381. https://doi.org/10.1002/anie.201000420. 

75. Dhiman R., Pen S., Chandrakumar P.K., Frankcombe T.J., Day A.I. Glycoluril derived cucurbituril 
analogues and the emergence of the most recent example: tiarauril // Chemical Communications. - 2020. 
- Vol. 56, № 17. - P. 2529–2537. https://doi.org/10.1039/C9CC07233K. 

76. Burkhanbayeva T., Guslyakov A.N., Tarikhov F.F., Pavlov D.I., Erkasov R.S., Bakibaev A.A., Potapov 
A.S., Yanovsky V.A., Malkov V.S. Synthesis and study of a novel supramolecular “host–guest” complex 
based on cucurbit[6]uril and 1,4-bis(2-hydroxyethyl)piperazine dihydrochloride // Journal of Saudi 
Chemical Society. - 2024. - Vol. 28, № 2. - P. 101819. https://doi.org/10.1016/j.jscs.2024.101819. 

77. Burkhanbayeva T., Ukhov A., Fedorishin D., Gubankov A., Kurzina I., Bakibaev A., Yerkassov R., 
Mashan T., Suyundikova F., Nurmukhanbetova N., Khamitova A. Development of New Composite 
Materials by Modifying the Surface of Porous Hydroxyapatite Using Cucurbit[n]urils // Materials. - 
2024. - Vol. 17, № 9. - P. 2041. https://doi.org/10.3390/ma17092041. 

78. Burkhanbayeva T., Ukhov A., Assylbekova D., Mussina Z., Kurzina I., Abilkasova S., Bakibaev A., 
Issabayeva M., Yerkassov R., Shaikhova Z. The Role of Methods for Applying Cucurbit[6]uril to 
Hydroxyapatite for the Morphological Tuning of Its Surface in the Process of Obtaining Composite 
Materials // Materials. - 2024. - Vol. 17, № 20. - P. 4995. https://doi.org/10.3390/ma17204995. 

79. Lizal T., Sindelar V. Bambusuril Anion Receptors // Israel Journal of Chemistry. - 2018. - Vol. 58, 
№ 3–4. - P. 326–333. https://doi.org/10.1002/ijch.201700111. 

80. Yawer M.A., Havel V., Sindelar V. A Bambusuril Macrocycle that Binds Anions in Water with High 
Affinity and Selectivity // Angewandte Chemie International Edition. - 2015. - Vol. 54, № 1. - P. 276–279. 
https://doi.org/10.1002/anie.201409895. 

81. Havel V., Sindelar V. Anion Binding Inside a Bambus[6]uril Macrocycle in Chloroform // 
ChemPlusChem. - 2015. - Vol. 80, № 11. - P. 1601–1606. https://doi.org/10.1002/cplu.201500345. 

82. Singh M., Solel E., Keinan E., Reany O. Dual‐Functional Semithiobambusurils // Chemistry – A 
European Journal. - 2015. - Vol. 21, № 2. - P. 536–540. https://doi.org/10.1002/chem.201404210. 

83. Solel E., Singh M., Reany O., Keinan E. Enhanced anion binding by heteroatom replacement in 
bambusurils // Physical Chemistry Chemical Physics. - 2016. - Vol. 18, № 19. - P. 13180–13185. 
https://doi.org/10.1039/C6CP00442C. 

84. Havel V., Babiak M., Sindelar V. Modulation of Bambusuril Anion Affinity in Water // Chemistry – 
A European Journal. - 2017. - Vol. 23, № 37. - P. 8963–8968. https://doi.org/10.1002/chem.201701316. 

85. Havel V., Svec J., Wimmerova M., Dusek M., Pojarova M., Sindelar V. Bambus[ n ]urils: a New Family 
of Macrocyclic Anion Receptors // Organic Letters. - 2011. - Vol. 13, № 15. - P. 4000–4003. 
https://doi.org/10.1021/ol201515c. 

86. Fiala T., Sindelar V. Supramolecular complexes of bambusurils with dialkyl phosphates // 
Supramolecular Chemistry. - 2016. - Vol. 28, № 9–10. - P. 810–816. 
https://doi.org/10.1080/10610278.2016.1146278. 

87. Fiala T., Ludvíková L., Heger D., Švec J., Slanina T., Vetráková L., Babiak M., Nečas M., Kulhánek P., 
Klán P., Sindelar V. Bambusuril as a One-Electron Donor for Photoinduced Electron Transfer to Methyl 
Viologen in Mixed Crystals // Journal of the American Chemical Society. - 2017. - Vol. 139, № 7. - P. 
2597–2603. https://doi.org/10.1021/jacs.6b08589. 

88. Havel V., Sindelar V., Necas M., Kaifer A.E. Water-mediated inclusion of benzoates and tosylates 
inside the bambusuril macrocycle // Chem. Commun. - 2014. - Vol. 50, № 11. - P. 1372–1374. 
https://doi.org/10.1039/C3CC47828A. 

89. Zhumabayeva G., Turebayeva P., Ukhov A., Fedorishin D., Gubankov A., Luchsheva V., Kurzina I., 
Bakibaev A., Ryskaliyeva R., Abdullina G., Bolysbekova S., Yerkassov R. Development of Novel Composite 
Biocompatible Materials by Surface Modification of Porous Inorganic Compounds Using Bambus[6]Uril 
// Materials. - 2023. - Vol. 16, № 23. - P. 7257. https://doi.org/10.3390/ma16237257. 

90. Marchenko E., Luchsheva V., Baigonakova G., Bakibaev A., Vorozhtsov A. Functionalization of the 
Surface of Porous Nickel–Titanium Alloy with Macrocyclic Compounds // Materials. - 2022. - Vol. 16, № 
1. - P. 66. https://doi.org/10.3390/ma16010066. 

91. Turebayeva P., Guslyakov A.N., Novikova S.A., Khlebnikov A.I., Befus E.A., Meshcheryakov E.P., 
Bakibaev A.A., Kusepova L., Kassenova N., Sharipova S., Yerkassov R. Absorption of Water Vapor by 
Bambus[6]uril and a Density Functional Theory Study of Its Aqua Complexes // Molecules. - 2023. - Vol. 
28, № 23. - P. 7680. https://doi.org/10.3390/molecules28237680. 

https://doi.org/10.1002/anie.201000420
https://doi.org/10.1039/C9CC07233K
https://doi.org/10.1016/j.jscs.2024.101819
https://doi.org/10.3390/ma17092041
https://doi.org/10.3390/ma17204995
https://doi.org/10.1002/ijch.201700111
https://doi.org/10.1002/anie.201409895
https://doi.org/10.1039/C6CP00442C
https://doi.org/10.1002/chem.201701316
https://doi.org/10.1021/ol201515c
https://doi.org/10.1080/10610278.2016.1146278
https://doi.org/10.1021/jacs.6b08589
https://doi.org/10.1039/C3CC47828A
https://doi.org/10.3390/ma16010066
https://doi.org/10.3390/molecules28237680


A.A. Bakibaev 

54                 №4(149)/ 2024               Л.Н. Гумилев атындағы Еуразия ұлттық университетінің ХАБАРШЫСЫ 
Химия. География. Экология сериясы 

ISSN: 2616-6771. eISSN: 2617-9962 

92. Turebayeva P., Luchsheva V., Fedorishin D., Yerkassov R., Bakibaev A., Bolysbekova S., 
Tugambayeva T., Sergazina S., Nurmukhanbetova N. Nanoparticles Based on Silver Chloride and 
Bambusuril[6] for the Fine-Tuning of Biological Activity // International Journal of Molecular Sciences. 
- 2023. - Vol. 24, № 22. - P. 16126. https://doi.org/10.3390/ijms242216126. 

93. Fedotova O.Y. Polyurea. // Encyclopedia of Polymers. - 1974. - V.2. - P.1011-1013. [In Russian] 
94. Fedotova O.Y., Novikova L.I. Synthesis and properties of polyurea from diamines and 

diisocyanates. // Dep. VINITI №7/26-V87. - M., 1987/ - 36p. [In Russian] 
95. Gruin J. Polynitrilurethane-urea and polynitrileurethane-urea elastomers. // Polymery- 

tovorzywa weilkoczasezkowe. - 1987. - Vol.32, N11/12. - P.451- 452 (Translation of VCP.-#3-15472). 
[In Russian] 

96. Dominguez R.J.G., Rice D.M., Grigsby R.A. Polyurea RIM: Novel Applications and Technical 
Advances // Journal of Elastomers & Plastics. - 1987. - Vol. 19, № 4. - P. 275–286. 
https://doi.org/10.1177/009524438701900404. 

97. Romanov N.M. Chemistry of urea- and melamine- formaldehyde resins. -M.: LLC "Advanced 
Solutions", 2016. - 528 p. [In Russian] 

98. Dunky M. Urea–formaldehyde (UF) adhesive resins for wood // International Journal of Adhesion 
and Adhesives. - 1998. - Vol. 18, № 2. - P. 95–107. https://doi.org/10.1016/S0143-7496(97)00054-7. 

99. Pizzi A.; Mittal K.L. Handbook of Adhesive Technology. - New York: Taylor & Francis Group, 2003. 
- 999 p. 

100. Mioduski C. Gumiński D. Zeng. IUPAC–NIST Solubility Data Series. 94. Rare Earth Metal 
Iodides and Bromides in Water and Aqueous Systems. Part 1. Iodides / // J. Phys. Chem. Ref. Data. – 
2012. – V. 41, № 1. – P. 1-63. [In Russian] 

101. Labrini Drakopoulou, Constantina Papatriantafyllopoulou, Aris Terzis, Spyros P. Perlepes, Evy 
Manessi–Zoupa, Giannis S. Papaefstathiou. Synthesis, X–Ray Structure, and Characterization of a 
Complex Containing the HexakisUrcobalt(II) Cation and Lattice Urea Molecules / // Bioinorganic 
Chemistry and Applications. – 2007. – V. 2007. – Р. 1-7. [In Russian] 

102. Ibrahim O.B., Refat M.S., Salman M., Al-Majthoub M.M. Chemical Studies on the Uses of Urea 
Complexes to Synthesize Compounds Having Electrical and Biological Applications // International 
Journal of Material Science. – 2012. – V. 2, № 3. – Р. 67-82. [In Russian] 

103. Melnikov N.N., Volkov A.I., Korotkova O.A. Urea derivatives. / In Vn.: Pesticides and 
Environment. Chemistry. - M., 1977. - P.129-138. [In Russian] 

104. Isayeva L.I. New herbicides for cereals. // Plant Protection. - 1990. - №3. - P.62-63. [In Russian] 
105. Melnikov N.N. Modern directions of creation of new pesticides // Agrochemistry. - 1993. - №10. 

- P.80-118 
106. Rosenthal I., Wender I. Organic syntheses via metal carbonyls. - Vol.1 - M., Mir, 1970. - 348 p. 
107. De Loos M., Van Esch J., Kellogg R.M., Feringa B.L. Chiral Recognition in Bis-Urea-Based 

Aggregates and Organogels through Cooperative Interactions // Angewandte Chemie International 
Edition. - 2001. - Vol. 40, № 3. - P. 613–616. https://doi.org/10.1002/1521-
3773(20010202)40:3<613::AID-ANIE613>3.0.CO;2-K. 

108. Kim M.-J., Park N.-G. Urea as a long-term stable alternative to guanidium thiocyanate additive in 
dye-sensitized solar cell // Applied Surface Science. - 2012. - Vol. 258, № 22. - P. 8915–8918. 
https://doi.org/10.1016/j.apsusc.2012.05.116. 

109. Chang C., Zhang L., Zhou J., Zhang L., Kennedy J.F. Structure and properties of hydrogels prepared 
from cellulose in NaOH/urea aqueous solutions // Carbohydrate Polymers. - 2010. - Vol. 82, № 1. - P. 
122–127. https://doi.org/10.1016/j.carbpol.2010.04.033. 

110. Xue S., Pei D., Jiang W., Mu Y., Wan X. A simple and fast formation of biodegradable 
poly(urethane-urea) hydrogel with high water content and good mechanical property // Polymer. - 
2016. - Vol. 99. - P. 340–348. https://doi.org/10.1016/j.polymer.2016.07.034. 

111. Fastnacht K.V., Spink S.S., Dharmaratne N.U., Pothupitiya J.U., Datta P.P., Kiesewetter E.T., 
Kiesewetter M.K. Bis- and Tris-Urea H-Bond Donors for Ring-Opening Polymerization: Unprecedented 
Activity and Control from an Organocatalyst // ACS Macro Letters. - 2016. - Vol. 5, № 8. - P. 982–986. 
https://doi.org/10.1021/acsmacrolett.6b00527. 

112. Doi T., Kajimura K., Takatori S., Fukui N., Taguchi S., Iwagami S. Simultaneous measurement of 
diazolidinyl urea, urea, and allantoin in cosmetic samples by hydrophilic interaction chromatography 

https://doi.org/10.1002/1521-3773(20010202)40:3%3c613::AID-ANIE613%3e3.0.CO;2-K
https://doi.org/10.1002/1521-3773(20010202)40:3%3c613::AID-ANIE613%3e3.0.CO;2-K
https://doi.org/10.1016/j.apsusc.2012.05.116
https://doi.org/10.1016/j.polymer.2016.07.034
https://doi.org/10.1021/acsmacrolett.6b00527


Evolution of urea from prebiotic molecule to supramolecular architecture 

Л.Н. Гумилев атындағы Еуразия ұлттық университетінің ХАБАРШЫСЫ                  №4(149)/ 2024                55 
Химия. География. Экология сериясы 
ISSN: 2616-6771. eISSN: 2617-9962 

// Journal of Chromatography B. - 2009. - Vol. 877, № 10. - P. 1005–1010. 
https://doi.org/10.1016/j.jchromb.2009.02.032. 

113. Albèr C., Brandner B.D., Björklund S., Billsten P., Corkery R.W., Engblom J. Effects of water 
gradients and use of urea on skin ultrastructure evaluated by confocal Raman microspectroscopy // 
Biochimica et Biophysica Acta (BBA) - Biomembranes. - 2013. - Vol. 1828, № 11. - P. 2470–2478. 
https://doi.org/10.1016/j.bbamem.2013.06.011. 

114. Mashkovsky M.D. Medicines.16th edition, revised, corrected and supplemented. - Reference 
edition Moscow: LLC “RIA ‘Novaya volna’, 2012. - 386 p. [In Russian] 

115. Boldyrev A.I. Epilepsy in adults. - Moscow: Medicine, 1984. – 288 p. [In Russian] 
116. Bakibaev A.A., Novozheeva T.P., Akhmedjanov R.R., Saratikov A.S. Phenobarbital-type inducers. 

// Chem.-pharm. jurn. - 1995. - №3. - P.3-13. [In Russian] 
117. Bakibaev A.A., Gorshkova V.K., Saratikov A.S. Antihypoxic properties of organic compounds. // 

Chem.-pharm. jurn. - 1997. - №2. - P.3-16. [In Russian] 
118. Saratikov A.S., Akhmedjanov R.R., Bakibaev A.A., Khlebnikov A.I., Novozheeva T.P., Bystritsky 

E.L. Regulators of enzymatic detoxification systems among nitrogen-containing compounds. - Tomsk: 
Siberian Publishing House, 2002. - 264 p. [In Russian] 

119. Law V., Knox C., Djoumbou Y., Jewison T., Guo A.C., Liu Y., Maciejewski A., Arndt D., Wilson M., 
Neveu V., Tang A., Gabriel G., Ly C., Adamjee S., Dame Z.T., Han B., Zhou Y., Wishart D.S. DrugBank 4.0: 
shedding new light on drug metabolism // Nucleic Acids Research. - 2014. - Vol. 42, № D1. - P. D1091–
D1097. https://doi.org/10.1093/nar/gkt1068. 

120. Davies M., Nowotka M., Papadatos G., Dedman N., Gaulton A., Atkinson F., Bellis L., Overington 
J.P. ChEMBL web services: streamlining access to drug discovery data and utilities // Nucleic Acids 
Research. - 2015. - Vol. 43, № W1. - P. W612–W620. https://doi.org/10.1093/nar/gkv352. 

 
 

А.А. Бакибаев 
Ұлттық зерттеу Томск мемлекеттік университеті, Томск, Ресей 

 
Mочевинаның пребиотикалық молекуладан эволюциясы супрамолекулалық 

архитектура (шолу) 
 
Аңдатпа: Мақалада мочевина бір жағынан архетиптік пребиотикалық қосылыс ретінде, ал 

екінші жағынан құрамында оттегі бар реактивті қосылыстар көрсетілген, олар әртүрлі ациклді 
және гетероциклді карбамид-құрамды заттар түріндегі химиялық қосылыстардың көптеген 
түрлерінің  түзілуіне негіз болып табылатыны көрсетілген. Құрамында мочевина бар заттардың 
ішінде бұл жұмыста жаңа макроциклді және супрамолекулалық жүйелерді қоса алғанда, 
синтетикалық органикалық химияда бастапқы құрылыс материалы ретінде мочевинаның 
пребиотикалық мономерін пайдалануға ерекше назар аударылады. Мочевина химиясы 
бойынша жүргізілген тәжірибелердің көпшілігі пребиотик тәрізді жағдайлардан алыс жағдайда 
жүргізілгенімен, жүргізілген зерттеулердің кейбір аралық нәтижелері азотты құрамдас күрделі 
органикалық молекулалардың түзілу траекториясына жол ашады, олар мочевина мен реактивті 
компоненттерді итерациялық жинақтау. Ұсынылған жұмыста ациклді және гетероциклді 
мочевиналардың практикалық қолдануының әртүрлі салаларына айтарлықтай көңіл бөлінеді. 
Көптеген құнды ациклді және гетероциклді мочевиналардың ішінде адам өмірінде 
практикалық қолданысын тапқан ең маңызды заттар бөлек анықталған. Мочевинаның 
химиясы мен қолданылуы туралы жалпылама мәліметтер оның химия, физика, материалтану 
және медицина салаларындағы білімдердің жақындасуы арқылы тұрақты дамуын көрсетеді. 

Түйін сөздер: мочевина, пребиотиктер, эволюция, ациклді және гетероциклді мочевина бар 
заттар, гликолурилдер, кукурбитурилдер, бамбусурилдер, супрамолекулалық жүйелер. 
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Эволюция мочевины от пребиотической молекулы до супрамолекулярной 
архитектуры (обзор) 

 
Аннотация: В статье показано, что мочевина - как архетипическое пребиотическое 

соединение, с одной стороны, и реакционноспособные кислородсодержащие соединения, с 
другой стороны, служат основой для формирования большого репертуара химических 
соединений, которые представлены различными ациклическими и гетероциклическими 
карбамидсодержащими веществами. В ряду карбамидсодержащих веществ в данной работе 
отдельное внимание уделено использованию пребиотического мономера мочевины в качестве 
стартового строительного блока в синтетической органической химии, в том числе и новых 
макроциклических и супрамолекулярных систем. Несмотря на то, что большинство 
выполненных экспериментов по химии мочевин проводились в условиях, которые далеки от 
пребиотикоподобных состояний, некоторые промежуточные результаты проведенных 
исследований открывают путь на траектории формирования сложных азотсодержащих 
органических молекул, которые могут появиться в результате итеративной сборки мочевины и 
реакционноспособных компонентов. В предлагаемой работе значительное внимание обращено 
различным областям практического применения ациклических и гетероциклических мочевин. 
Среди многочисленных ценных ациклических и гетероциклических мочевин отдельно 
выделены важнейшие вещества, нашедшие практическое приложение в человеческой 
жизнедеятельности. Обобщенные сведения о химии и применения мочевин указывают на 
постоянное ее развитие путем конвергенции знаний в области химии, физики, 
материаловедения и медицины. 

Ключевые слова: мочевина, пребиотики, эволюция, ациклические и гетероциклические 
карбамидсодержащие вещества, гликольурилы, кукурбитурилы, бамбусурилы, 
супрамолекулярные системы. 
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