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Allantoin: synthesis and chemical properties

The availability and multifunctionality of allantoin makes it extremely attractive to unlock the synthetic poten-
tial on the basis thereof, especially for the needs of the pharmaceutical industry. Numerous publications on the
allantoin chemistry are scarce, nonsystematic in nature and do not allow a deep understanding of the methods
for its preparation and its chemical properties. In order to close this gap, the present review integrates the sys-
tematic data on the methods for the allantoin synthesis and the study of its chemical properties as well as the
areas of allantoin practical application. In the present work, the methods most widely used in preparative prac-
tice to produce allantoin from the carbonyl compounds and urea are considered, and the ways of transformation
of a number of nitrogen-containing heterocycles under the influence of various reagents leading to the target
product are presented. The main chemical properties of allantoin are shown in hydrolysis reactions, complexa-
tion with organic and inorganic substrates, interactions with nucleophilic reagents, in chemoluminescence pro-
cesses. In some cases, when the unconventional methods for the allantoin synthesis are given and allantoin
transformations are considered, the mechanisms of the formation of final compounds are shown. A systematic
material on the preparation methods and the chemical properties of allantoin can serve as a reliable navigator
for those specialists who aim at manufacturing of allantoin-based practically important substances. Based on
the integrated data it is pointed out that allantoin can be successfully used as a basic azaheterocycle to manu-
facture a wide range of new compounds, including bioactive ones.

Keywords: allantoin, urea, carbonyl compounds, azaheterocycles, complexes, luminescence, hydrolysis.

Introduction

Allantoin belongs to the widely known azaheterocycles of the imidazolidinone series (in particular, hy-
dantoins). Its useful biological properties have been the subject of several generalizing communications [1, 2].
However, at the same time, to date, there are no works in the literature that reflect the generalized chemistry
of allantoin. Based on the aforesaid, this review aims to draw the attention of chemists and specialists in related
fields to the methods for allantoin preparation as well as its chemical properties to expand the potential for
application of allantoin-based compounds in organic synthesis and daily life.

1. General information and application of allantoin

Allantoin (Fig. 1), also known as (2,5-dioxo-4-imidazolidinyl)urea, is a heterocyclic compound compris-
ing a five-membered ring containing a urea substituent in the 4th position. Table 1 represents the main physi-
cal-chemical properties of allantoin.
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Figure 1. Allantoin structure

Table 1
Physical-chemical properties of allantoin

Parameter Value
Appearance White crystalline powder, odorless and tasteless
Melting point, °C 225 (with decomposition)
Solubility in water at 25 °C, g/l 5.7
Density, kg/m?® 800
pH of 5 g/l solution at 25 °C 4.5-6

_ 3436 (NH,), 3068 (NH,), 3192 (NH), 2947 (CH), 1780 (C=0),
_ 1

IR-spectrum, v, cm 1719 (C=0), 1667 (C=0)
IR-spectrum, §, cm™ 1602 (NH,), 1430 (NH)
NMR H (DMSO-ds), 8, ppm 8.05 (1H, s), 6.94 (1H, d), 5.83 (2H, s), 5.24(1H, d)
NMR *¥C (DMSO-ds), 3, ppm 173.79 (C=0), 157.70 (C=0), 157.06 (C=0), 62.61 (C-tert.)

Allantoin attracts the attention of researchers due to the fact that it is widely used as one of the active
ingredients in skin care products, promotes the healing of scar tissue and scars that makes it the in-demand
material for cosmetology and pharmaceutical practice. Currently, allantoin is included in more than 1300 var-
ious cosmetic products [1]. Thus, for instance, having a regenerating effect, allantoin helps to remove cicatricle
tissues and scars [3]. As a part of creams, allantoin protects the skin from sunburns, chapping and cracking [4].
Allantoin also has a genotoxic effect [5] and restores normal skin moisture and elasticity [6]. The compound
is able to reduce the genotoxic effect of ultraviolet radiation [7] and inhibit the development of a number of
destructive processes caused by reactive oxygen species, i.e. exhibits antioxidant properties.

The main allantoin consumers are the cosmetics manufacturers as well as the pharmaceutical companies
that use it as a feedstock to manufacture drugs intended for the treatment of various diseases [8]. Moreover,
allantoin is used in agriculture as a plant growth regulator and is a component of fertilizers and veterinary
disinfectants [9].

2. Methods for allantoin preparation

2.1. Isolation from the cell structure of plants

Allantoin was found in the callus of the Coffea Arabica plant [10]. To date, several methods are known
for isolation of allantoin from the natural raw materials from the Coffea Arabica cell culture [10] and from the
explants of leaves and apical shoots of the Mertensia maritima plant [11].

2.2. Synthetic methods for allantoin preparation

2.2.1. Synthesis of allantoin from carbonyl compounds and urea

The reactions of low molecular weight carbonyl compounds with urea are probably the most important
in the allantoin synthesis since they represent the best conditions in terms of the availability of the reagents
and the manufacturability of the process in general. Figure 2 illustrates the generalized methods for the allan-
toin preparation using carbonyl compounds with urea.

The principle of allantoin formation is exemplified by the use of mesoxalic acid or its monohydrate as
the initial substrate in the reaction with urea at 110-115 °C.

One of the approaches to synthesize allantoin is the reaction in the presence of hydrogen peroxide as an
oxidant, where glyoxal interaction with urea gives allantoin with a 58 % yield [12]. During the implementation
of this process, the in situ transformation of glyoxal into glyoxalic acid under the action of the oxidant is
postulated, and the acid is responsible for the final heterocyclization stage. Allantoin can be synthesized from
various derivatives of acetic acid and urea, namely, from diethoxyacetic acid in the presence of HCI with a
yield of 45 % [13], from dichloroacetate or dichloroacetic acid with a yield of 62 % [14].
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Figure 2. Synthesis of allantoin from carbonyl compounds and urea

The acetaldehyde-based allantoin synthesis involves the one-pot aldehyde oxidation with nitric acid fol-
lowed by cyclization of the intermediate glyoxalic acid with urea, while the yield of the target product reaches

66 % [15].

Currently, the industrial allantoin production is based on the condensation of glyoxalic acid and urea in
the presence of various catalysts: mineral acids [16], cation exchange resins [17], solid acids [18], ionic liquids

[19], supported catalysts and zeolites [20, 21].
2.2.2. Synthesis from azaheterocycles

Figure 3 represents the most successful methods for allantoin production that utilize the chemical methods
of transformation of various nitrogen-containing heterocycles.

0 o)
NH, HO
o:< + NH NH
HN
NH, \\< o
oV o) N 0
o 5’4 & oo‘b H
N7 (o)
AN ks
H
H (0] N H
o N H,N ¥ Ph N
KMnO, T H* >:o
HN —— NH| & ~—
N 70 % O N —PhNH,  HN N
allantoin )\
o) o) 5 NH,
4
O 1,
Ve t‘&&
NH, > FN\"Q
NN
N = N\
k > o) o
X N N
N N H H

Figure 3. Allantoin synthesis from azaheterocycles

Cepus «Xumusi». Ne 1(97)/2020



A.A. Bakibaev, S.G. Il'yasov et al.

The oxidation of uric acid with potassium permanganate in an aqueous solution was found to lead to the
allantoin formation with a yield of 70 %. The use of other oxidants results in a non-selective reaction perfor-
mance since along with the target allantoin, various by-products are formed: acyclic amides, hydantoin, oxonic
acid, 4-imidazolidine carboxamide, oxalic acid, etc.

The electrolysis of an adenine aqueous solution in a phosphate buffer at room temperature is accompanied
by the oxidative degradation [22] to a number of nitrogen-containing heterocycles, where allantoin is the main
product (45 %).

The interaction of hydantoin and urea in the presence of bromine and acetic acid [23] allows synthesizing
allantoin with a relatively low yield (40 %). The allantoin formation implies an intermediate C-bromination
process followed by N-alkylation of urea with brominated hydantoin.

The practical result affected the alloxan by KNO, and acetic acid is that in this case it is preferable to
narrow the pyrimidine trion cycle to the allantoin one, and the urea molecule, a product of the complete de-
struction of alloxan, is involved in the allantoin formation.

Ref. [24] shows that under the action of H>O- in the presence of AgNOs at 65 °C, glycoluril transforms
with the opening of one of the imidazolinone rings leading to allantoin with a high yield (76 %).

An example is given for the selective hydrolysis of the phenylamino derivative of allantoin in the presence
of mineral acids [25] yielding allantoin.

3. Chemical properties of allantoin

Already at the beginning of the last century, a communication appeared [26] postulating the phenomenon
of reversible isomerism (keto-enol tautomerism) for the allantoin molecule, and Figure 4 represents the tauto-
meric equilibrium established.

(6] OH

H,N ¥ H,N H
Y Y _
NH NH
o HN\< o HN\<

(6] (6]

Figure 4. Allantoin tautomeric equilibrium

Allantoin is known to exist as a racemic mixture of (R) and (S) sterecisomers. A number of studies [27,
28] considers the accumulation of (R)-allantoin and (S)-allantoin during the non-enzymatic and enzymatic
oxidative urate decomposition into allantoin during the purine catabolism in many organisms. The non-enzy-
matic racemization of allantoin was found to result in the accumulation of (R)-allantoin, since the enzymes
that convert allantoin to allantoate are specific for the (S)-isomer. The allantoin racemase enzyme catalyzes
the reversible conversion between the two allantoin enantiomers, thereby ensuring the overall efficiency of the
catabolic pathway and preventing the allantoin accumulation. Figure 5 shows the racemic mixture of allantoin.

o) 0
H H H
HZNYNW‘/( H2N\[]/N,,// M
NH NH
o HN\< © HN\<
o) o)

Figure 5. Allantoin racemization

T

I

To explain the spatial orientation paths in the allantoin stereochemistry, a mechanism was proposed [29]
for the mutual transition of allantoin stereoisomers into a racemic mixture under the action of urate oxidase
(Fig. 6).

Further studies [30] of allantoin diastereomers showed that the allantoin molecule had two optical centers
and two stereoisomers that are not the mirror images of each other and confirmed the transition of one stereo-
isomer into another one (Fig. 7).
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Figure 6. The mechanism of formation of allantoin sterecisomers
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Figure 7. Transition of allantoin stereoisomers

3.1. Complexation reactions
Currently, numerous studies are devoted to the methods to prepare various organic and organometallic

complexes of allantoin by changing the nature of the ligand, including the use of the mechanochemical syn-
thesis. Thus, the synthesis of the allantoin organic complexes with pantotheonic [31], polygalacturonic [32],

ascorbic [33], and urocanic [34] acids as well as glycine [35], was carried out. Figure 8 shows several exam-

ples.
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Figure 8. Allantoin complexes with organic acids
The synthesized allantoin-aluminum and allantoin-chlorohydroxyaluminium complexes with various or-
ganic acids [36] have found application in cosmetology as a part of deodorants, astringent lotions, aftershave,

and other personal hygiene products (Fig. 9) [37, 38].
11

Cepus «Xumusi». Ne 1(97)/2020



A.A. Bakibaev, S.G. Il'yasov et al.

0
H 0
HZNTN% Y\AI/N HY{
NH | \U/
o o

HO—,(
X = OH, Cl, Br, |

OH Y = OH, Cl, Br, I, SO3K, SO3NH,4, SO3Na
Figure 9. Allantoin-aluminum complexes

There is no doubt that the abovementioned examples of the preparation of allantoin complexes with or-
ganic ligands do not exhaust all the opportunities to create such compounds.

Figure 10 represents certain successes achieved in the synthesis of allantoin complexes and the composi-
tion of the allantoin-chlorohydroxyaluminium complex with ascorbic acid with the participation of the imide
atom of the allantoin heterocyclic fragment [33].
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Figure 10. Allantoin-aluminum complexes

Figure 11 shows the same type of complex, where the total composition of the allantoin-aluminum com-
plexes with various organic acids is presented [37, 38], however, the terminal amino group of the urea substit-
uent is involved.

R = salicylate, phenolsulfonate, lactate, benzoate, acetate
Figure 11. Allantoin-aluminum complexes

The intensive development was the study of allantoin complexes with silver, zinc and organic acids due
to their manifestation of the wound healing, bactericidal [39, 40] and antithrombotic properties [41]. Figure 12
illustrates the overall composition of allantoin-zinc-silver complexes.

HZNTH\’/<
o | N—Ag| Zn(OH),

- -2

Figure 12. Complexes of allantoin with silver and zinc
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3.2. Hydrolysis reactions

Allantoin is prone to chemical and enzymatic hydrolysis reactions, including those in living organisms
[42] leading to allantoic acid (Fig. 13).
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Figure 13. Hydrolysis of allantoin

By changing the depth of the allantoin hydrolysis it was found [43] that 5-aminohydantoin and fulminic
or carbamic acid are the products of this reaction (Fig. 14).

o) o) HCNO
H,N H
2 N H,N
W]/ H2o or
O NH —_— +

NH
HN HN o
o HoN OH

o}

Figure 14. Hydrolysis of allantoin

3.3. Chemo- and electrochemoluminescence

Sagqib et al. [44] found the allantoin ability for intensive chemoluminescence with lucigenin. To explain
the results, a reaction mechanism was proposed (Fig. 15) suggesting that allantoin can decompose and release
a cyanide radical in an alkaline medium to react with lucigenin.
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Figure 15. The mechanism of allantoin chemoluminescence

In the experiment described in Ref. [45], the electrochemiluminescence based on allantoin and tris(2,2'-bi-
pyridine) ruthenium [Ru(bPy)s]?* in an alkaline buffer solution at pH = 11.0 was studied. Given the specific
nature of the established effect, the reaction mechanism (Fig. 16) suggests that allantoin in an alkaline medium
turns into a radical anion involved in further stages of electrochemiluminescence.
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Figure 16. Allantoin-based electrochemiluminescence

3.4. Interaction with phenol

A method based on the reaction of allantoin and phenol [20] in the presence of heterogeneous catalysts
comprising mineral acids supported on solid zeolite supports allows producing the ortho/para-hydroxyphenyl-
hydantoins (Fig. 17).

HO
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O

Figure 17. Reaction of allantoin and phenol

3.5. Nitrogen Substitution Reactions

For the first time, the N-alkylation of allantoin was carried out at the beginning of the 20th century [46]. In
the proposed method, the silver-substituted allantoin was initially prepared followed by the Ag replacement by
methyl group under the influence of methyl iodide. Figure 18 shows the process for producing of 1-(1-methyl-
2,5-dioxoimidazolidin-4-yl)urea and 1-(3-methyl-2,5-dioxoimidazolidin-4-yl)urea using these reactions.

(@)

Figure 18. N-methylation of allantoin

In Ref. [47], a comprehensive silylation of allantoin was carried out by heating the latter with bistrime-
thylsilylacetamide (BSA) in pyridine (Fig. 19).

SiMe ;
H 0 ’ 3 ’SIMe3 o

N
T Y( BSA, Py Me33i/NTN
0 NH : N—SiMe
HN\\< 110 °C o N 3
e
Me3Si \<

0]

H,N

©)

Figure 19. N-silylation of allantoin
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3.6. Reactions with aldehydes

There is a noticeable amount of bactericidal substances that are synthesized by the interaction of allantoin
with glutaraldehyde [48] and formaldehyde [49]. Figure 20 shows an example of the allantoin condensation
reaction with glutaraldehyde.
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Figure 20. Allantoin condensation with glutaraldehyde
The most studied are the allantoin condensation reactions with formaldehyde (Fig. 21).
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Figure 21. Allantoin condensation with formaldehyde

Diazolidinyl urea (Germal I) and imidazolidinyl urea (Germal 115) are the well-known methylol deriv-
atives of allantoin widely used in various fields of human activity. Diazolidinyl urea (Germal I1) is a hetero-
cyclic compound comprising methyl-substituted allantoin derivative. Currently, the location of substituted
methylol groups in this compound is a matter of discussion, and two main configurations are assumed. Ac-
cording to the published data [49], diazolidinyl urea is a tetra-N-methylol derivative of allantoin, however,
recent studies [50] have shown that the product of the allantoin condensation with formaldehyde is a compound
where one of the four methylol groups is bonded to the tertiary carbon atom of the hydantoin cycle. Table 2
represents the physical-chemical properties of Germal 1l and Germal 115.

Table 2
Physical-chemical properties of diazolidinyl urea and imidazolidinyl urea
Parameter Value

Diazolidinyl urea [51] Imidazolidiny! urea [52]

Appearance White crystalline powder White crystalline powder
PP with a slight characteristic odor with a slight characteristic odor

- Easily soluble in water, Soluble in water, ethylene glycol, propylene glycol, glycerin,
Solubility . - . -
propylene glycol slightly soluble in methanol, insoluble in ethanol
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Diazolidinyl urea is one of the most commonly used preservatives in cosmetics [53-55] releasing formal-
dehyde as a result of decomposition. The concentrations of the released formaldehyde in the cosmetic products
and the factors affecting the release of formaldehyde during the decomposition of diazolidinyl urea have been
previously studied [56, 57]. However, to date, there is not much data on its decomposition, and analytical
methods to determine the diazolidinyl urea have been developed during the last 15 years [53, 58]. It was pre-
viously reported that (4-hydroxymethyl-2,5-dioxo-imidazolidin-4-yl)urea (HU compound in Figure 22) is the
only decomposition product of diazolidinyl urea [53]. The scheme 21 shows a possible decomposition path for
diazolidinyl urea. Doi et al. [59] proved that diazolidinyl urea (compound 1) releases formaldehyde to form
the HU (compound 8) and six other decomposition intermediates (compounds 2-7).
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Figure 22. Decomposition products of diazolidinyl urea

The Germal 11 and Germal 115 are bactericidal components that are mainly used as preservatives in cos-
metic products, protect them from bacteria, yeast, and mold. These substances are a part of various shampoos,
hair conditioners, shaving gels. Being active against both gram-negative and gram-positive bacteria, these
compounds have antimicrobial activity, can be used individually [50] and in a combination with para-
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hydroxybenzoic acid esters (parabens), are also synergistic with a number of other preservatives. Imidazoli-
dinyl urea has the same positive effects as diazolidinyl urea, but it has no antifungal effect [60].

Both compounds can cause irritation to the eyes and skin, and are also capable of causing the contact
dermatitis, since they release free formaldehyde, however, the amount of this formaldehyde is much lower
than the recommended limits [61]. The use of diazolidinyl urea as a part of the personal care products is al-
lowed in concentrations of up to 0.5 wt.% [51].

Conclusions

Thus, this work summarizes the information on the methods for producing allantoin from various sub-
strates and considers its inherent chemical properties. An analysis of the literature on the chemical properties
of allantoin shows that it is most characteristic for the complexation reactions that allow obtaining new bio-
logically active compounds. In some cases, the work is focused on the methods to prepare and use allantoin
under industrial conditions.
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A.A. Bakub6aes, C.I'. Unbsicos, O.B. Tarapenko, B.I1. Tyrynsayposa,
A.O. 3opuHn, B.C. Manbskos, A.C. KacbsiHoBa

AJJIAHTOMH: CHHTE3i 7K9He XUMMSUIBbIK KacueTTepi

AJITaHTOWHHIH KOJI )KETIMILTIr MEH Kol (yHKIIMOHAIIBLIBIFEI OHBIH HETi31HJC CHHTETHKAJIBIK 3aTTap alyaa,
COHBIH 1mIiHe (hapMaIeBTUKAIBIK OHAIPIC KKETTUTIKTEP1 YIIiH YIKEH KbI3BIFYIIBUIBIK TyFBI3YAA. AJUIAHTOUH
XUMHMSCHI TYpalbl KOITEreH 9/1e0u Ke3/1ep TOJIBIK eMeC, KyHeci3 xKoHe OyJI MOJIIMETTep OHBIH allbIHY dAicTepi
MEH XMMUSUIBIK KaCHETTEPiH TOJNBIK TYCiHyre MYMKIHAIK Oepmeliai. Ochl Makanaia aJulaHTOMHII CHHTE3ICY
JKOHE XMMHSUIBIK KACHETTEPIH 3ePTTey dicTepi, OHBIH NPAKTUKAIBIK KOJIAHBLTYBI Typaibl KYHEICHIeH MJTi-
MeTTep KelTipinreH. by skyMpIcTa ajutaHTOMHHIH KapOOHMIII KOCBUIBICTAp MEH MOYEBHHA/IAH ATy IbIH IIpe-
NapaTHBTIK TOKipuOene KeHIHeH KOJIIaHBUIATHIH d/IICTepi KapacThIPBUIFAH JKOHE a30TKYpaMIbl TeTepOLNKII-
JIEPiH 9PTYPIIi pearcHTTEep dCEPiHECH HETi3Ti OHIMIEe 9KEJIETiH TPaHCHOPMAIMSITBIK aifHATyIap JKOJAaphl Kep-
CeTUIreH. AJUTAHTOMHHIH HETi3Tl XMMHSUIBIK KAacHeTTepi T'MIPOJIN3 peakUMsulapblHIa, OPTaHUKAIBIK JKOHE
OeliopraHUKaJIBIK CyOCTpaTTapMEH KOMILIEKCTY3YAS, HYKIeOo()IbIi peaKTUBTEPMEH dPEKETTeCy e, XEeMOII0-
MUHECICHIHS MIPOIECTEPiHIe KOPCETIITeH. AJTITAHTOWH CHHTE31HIH CTaHIAPTTHI €MeC 9IicTepi MEH OHBIH XH-
MUSUTBIK ©3TepiCTepTe YIIBIPaybl OepisireH xKepiepiHae COHFBI OHIMICPIiH TY31Ty MeXaHH3MIepi KOpCEeTiIreH.
AJNNaHTOWHHIH CHHTE31 MEH XUMHUSUIBIK KACHETTEPl Typasbl XKYHeli MaTeprall aJlIaHTOWH HET131He MaHBI3IbI
3aTTapbl CHHTE3/CT ajyFa OaFbITTaIFaH MaMaHIap YIIiH KaXeTTi Kypan Oosa anaisl. XKanmbuiaHFaH MoTi-
MeTTep HeTi3iH/e aJUTaHTOMHII a3a3TePOLMKII PETiH/Ie KaHa OUOIOTHSIIBIK OeJICeH 1l JKoHe 6acKa J1a KOChUIBIC-
TapAbIH KeH CIEKTPiH aly YIIiH KOJIIaHyFa OOJIaThIH/IBIFbl A TBUIFaH.

Kinm 06306171 aJllTaHTOWH, MOYCBHUHA, KaPGOHI/IHI[i KOCBUIBICTAp, a3areTCPOLUKIACP, KOMIIJICKCTEP, JIIOMUHEC-
LEHIMA, TUAPOIIUS.

A.A. baku6aes, C.I'. Unbsacos, O.B. Tarapenko, B.I1. Tyrynsayposa,
A.O. 3opuHn, B.C. Manbkos, A.C. KacbsiHOoBa

AJJIAHTOMH: CHHTE3 M XUMHYECKHEe CBOMCTBA

JlocTymHOCTB ¥ oM YHKIMOHATIBHOCTD AJUTAHTOMHA JIETIAI0T €ro KpaifHe IPHUBJIeKaTeIbHBIM JUIS pean3alui
CHHTETHYECKOTO TOTEHIMAIa Ha ero OCHOBE, 0COOCHHO /Il HYXI (apMaleBTHYSCKONH MPOMBIIUICHHOCTH.
MHoro4nciIeHHbIe TUTepaTyPHbIE CBEACHHS M0 XMMHH aJUTAHTOWHA HOCST OTPBIBOYHBII, HECHCTEMHBIH Xapak-
Tep, ¥ OHH HE TIO3BOJIIOT NMETh MOIHOIIEHHOE MPEICTaBICHHE O METOJaX €ro MOITyUYEeHUS U €r0 XUMHUIECKIX
cBoifctBax. C menmbio yCTpaHEHHs JaHHOTO Mpo0ela B IpecTaBIeHHOH 0030pHON CTaThe MPUBEIEHBI CHCTe-
MAaTU3HPOBAHHbIE JaHHEIE TI0 METOAAM CHHTE3a ATAHTOWHA U M3YYEHHIO er0 XUMHIECKHX CBOUCTB, a TAKKe
3aTPOHYTHI 00IaCTH NPAKTHYECKOTO IPUMEHEHH aJUIaHTOMHA. PaccMOTpeHbl Hanboee pacpoCcTpaHeHHBIE B
IpenapaTUBHON NMPAaKTUKE METOJBI MONyYeHUS aJUIAHTOMHA U3 KapOOHMJIBHBIX COCIMHEHUH M MOUYEBHHBI, a
TaKOKe TIPUBE/ICHBI MyTH TPaHC(HOPMALUK Psa a30TCOASPIKAIIMX TeTEPOLMKIIOB MO ACHCTBUEM Pa3IUYHBIX
peareHToB, MPUBOIINE K 1IeJIeBOMY IPOAYKTY. OCHOBHbIE XUMHUYECKHE CBOMCTBA aJUIaHTOMHA ITPEACTaBICHbI
B PEaKNUIX THAPOIIN3a, KOMIUIEKCOOOPa30BaHUS ¢ OPTaHNIECKUMH U HEOPTaHUIECKUMH CyOcTpaTaMu, B3au-
MOZEHCTBHS C HYKICO(MIPHBIME peareHTaMu, B IPOIeccaX XEeMOJIIOMHUHECIIEHINH. B OTAeNbHBIX Clydasx,
KOT/Ia TIPUBOAATCS HETHIIOBBIE METOJBI CHHTE3a AJUIAHTOWHA M PacCMATPHBAIOTCS €r0 MPEBPAIICHHs, ITOKa-
3aHBI MEXaHU3MBI 00pPa30BaHMs KOHEUHBIX coefMHeHnH. CHCcTeMaTH3NPOBAaHHBII MaTepral o0 METOAaM CHH-
Te3a ¥ XMMIYECKIM CBOHCTBAM aTTAHTOMHA MOJKET CIIYXKHTh HA/IS)KHBIM HAaBHTaTOPOM JIJIS T€X CIEI[HAICTOB,
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KOTOpBIE HALIEJIEHBI TTOy4aTh MIPAaKTUYECKH Ba)KHbIE BEIIECTBA HA OCHOBE amnaHTonHa. Ha ocHoBaHMM 0600-
IMIEHHBIX JaHHBIX OTMEYEHO, YTO AJUIAHTOUH MOXET OBITh YCIEIIHO HCIONB30BaH B KauecTBe 0a30BOro a3are-
TEPOLHKIIA IS TOMYYIEHHs ITHPOKOTO KPyra HOBBIX OMOIOTHYECKH aKTUBHBIX U JPYTHX COSTUHEHUIL.

Knrouesvie crosa: AJUIaHTOWH, MOYCBHUHA, Kap60HI/IJ'[I>HBIe COCIMHEHNS, a3ar€TEPOLNKIIbI, KOMIIJICKCEI, JIOMU-
HECUCHIUA, TUIPOJIN3.
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