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NEW DERIVATIVES OF 5-MERCAPTO-3-PHENYL-1,3,4-THIADIAZOL-
2-TIONE. SYNTHESIS AND STRUCTURE

Annotation. The paper presents review of the past 10 years of research on preparative methods of synthesis of
new derivatives of 1,3.4-thiadiazole. The data on the synthesis of 5-mercapto-3-phenyl-1,3,4-thiadiazol-2-tion by
interaction of phenylhydrazine with carbon disulfide in an alkaline medium, followed by cyclization of the resulting
dithiocarbamate in an acidic environment is presented. Reactions of synthesis of thioethers of 1,3.4-thiadiazol-2-
thione via acylation by chlorine-anhydrides of acrylic acid were considered. Reactions of nucleophilic interaction of
various amino compounds and S-(4-phenyl-3-thioxo-4,5-dihydro-1,3,4-thiadiazol-2-yl)prop-2enethioate were
studied. The conditions of reaction of the oxidative condensation of 5-mercapto-3-phenyl-1,3,4-thiadiazol-2-thione
in aqueous-alcoholic medium of various mild oxidizing agents such as H,O,, J,, NaNO, were described. The results
of nucleophilic addition reactions of various reagents to the double bond S-(4-phenyl-5-thioxo-4,5-dihydro-1,3,4-
thiadiazol-2-yl)prop-2encthioate, and reactions of complexation 5-mercapto-3-phenyl-1,3.4-thiadiazol-2-thione in
aqueous solutions of metal salts were thoroughly investigated.

Keywords: 5-mercapto-3-phenyl-1,3.4-thiadiazole-2-thione, thiol, S-(4-phenyl-5-thioxo-4,5-dihydro-1,3,4-
thiadiazol-2-yl)prop-2enethioate.

Introduction. When designing various molecules basic starting compounds with different functional
groups may be useful. This is due to the fact that even small structural changes in the molecules of
biologically active substances (BAS) can lead to new therapeutic effects. An important BAS group, which
have become part of the arsenal of drugs in modern medicine as antimicrobial and other drugs, consists of
compounds of 1.3 4-thiadiazole fragments [1]. Among the derivatives of 1,3,4-thiadiazole are well
represented as fungicides, herbicides, aphicides, plant growth regulators, antibiotics, flotation and
analytical reagents, and others. [2]. The interest to the thiadiazole compounds by many researchers, called,
in due course, the emergence of a number of reviews, which to some extent reflected certain aspects of
thiadiazoles chemistry, however, since their publication we have a lot of experimental data, requiring
further generalization [3]. Further investigation of these structures-leaders for purposeful synthesis of new
BASes is promising. This review summarizes data on the study of the synthesis and properties of new
derivatives of 1,3,4-thiadiazole, that we have studied over the past 10 years.

5-mercapto-3-phenyl-1,3,4-thiadiazole-2-thione synthesis. As the starting core for administering
different pharmacophoric fragments, we have taken 5-mercapto-3-phenyl-1,3,4-thiadiazole-2-thione (1)
and studied its reactivity in various reactions of nucleophilic and electrophilic addition to various
substrates [4,5].
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This choice of source objects is due to the fact that these compounds, possessing high biological
activity, at the same time, will have a highly reactive active sites - carbonyl, aminothiol, ester and other
groups [5-8].

Synthesis of the starting substrate, a new thiadiazole derivative of 5-mercapto-3-phenyl-1,3 4-
thiadiazole-2-thione, was carried out by reacting a phenylhydrazine (1) with carbon disulfide in an
alkaline medium, followed by acidification of the resulting dithiocarbamate (2) for its cyclization by the

following scheme:
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The first stage - phenylhydrazine reacting (1) with carbon disulfide in strongly alkaline medium is
held by both nitrogen atoms. The resulting double potassium dithiocarbamate (2) was acidified with
hydrochloric acid to pH 3-4, the resulting dithiocarbamic acid (3) is immediately destroyed with hydrogen
sulphide and cyclization to the final product - 5-mercapto-3-phenyl-1,3,4-thiadiazole -2-thione (4). The
desired product (4) is a crystalline yellow solid with a weak specific smell [4-6].

Acylation of 5-mercapto-3-phenyl-1,3,4-thiadiazole-2-thione by carboxylic acid chlorides. The
presence in the molecule of multiple centers with lone electron pairs - nitrogen and sulfur ring atoms, as
well as phenol, thiol and thione groups allows for different chemical modifications, 5-mercapto-3-phenyl-
1,3,4-thiadiazole-2-thione . Most of the reactions of thiols include the type of nucleophilic addition and
nucleophilic substitution. The reaction S-alkylation depends on the ability of the thiol-SH groups to
dissociation with formation of the thiolates-anions. To increase the nucleophilicity of thiols different
alkali catalysts (sodium and potassium hydroxides, triethylamine, sodium ethoxide, pyridine) are often
used or it is reacted with a reactive sodium thiolates. In the acylation reaction as acylating agents
carboxylic acids, their anhydrides and acylase are used [5,9]. Below are our findings on the study of the
reaction of acylation of 5-mercapto-3-phenyl-1,3,4-thiadiazole-2-thione by various chlorides [10-12].
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R(compound number., %): CsHs (5, 89), 0-BrCeH, (5, 78), n-CH;CsHs (7, 82), CH,=CH (8, 71),
CH,=C(CHs) (9, 76).

The reactions proceed under mild conditions with exotherm at a temperature 0+5°C in the presence of
a base - tricthylamine as an acceptor of evolved hydrogen chloride. The obtained carboxylic acid thiol
esters (5-9) are white crystalline materials (7.5) and oils (8.9), soluble in most organic solvents.

In the IR spectra of compounds (5-9) there are observed the characteristic absorption bands of C=0
group at 1730-1710 cm™, bands group at 1270-850 cm™ refers to fluctuations of thiadiazole cycle. In the
NMR 'H spectra all the protons of the compounds (5-9) are shown in weak fields, typical for compounds
with phenyl and unsaturated groups, so phenyl protons appear as multiplets in areas 7.04-7.89 ppm,
protons (CH,=C) resonate as a doublet of doublets in 5.82-6.14 ppm

Reactions of nucleophilic addition to the double bond thione acyl derivatives. Acyl derivatives
(5-9) are convenient synthons for further modification of their structure. Its structure is interesting because
there are several reaction centers for the connection of nucleophilic reagents, as we used quinolizidine
alkaloid cytisine, alkaloid pyridine anabasine and some heterocyclic secondary amines - piperidine and
morpholine.

On the bases of 5 (acryloylthio)-3-phenyl-1,3,4-thiadiazole-2-thione (8), we studied its interaction
with amines and alkaloids. Reactions were carried out in absolute benzene environment under slight

heating [10-14].
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\
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Using in this reaction of another acyl derivative - 5 (metacryloylthio)-3-phenyl-1,3.4-thiadiazole-2-
thione (9) does not lead to the desired results (low yields, difficulty in isolating target substances) at the
conditions we have studied. The synthesized compounds (10-13) are white crystalline substances soluble
in polar organic solvents. The highest yields of desired products are observed in addition reactions of
alkaloid cytisine and morpholine, 91% and 86% respectively.

The composition and structure of the obtained substances are confirmed by elemental analysis and IR
and NMR-spectroscopy. The IR spectra of the compounds (8-13) showed absorption bands for C=0 group
in the 1730-1710 cm™, NH groups - 3270-3260 cm™. In the PMR spectra of compounds (10-13) protons
(amine) of the alkaloid occur in areas specific to them [12-14]. Aromatic ring protons resonate in the
weak region of the spectrum as a complex multiplet centered 7.14 ppm. Protons of two methylene groups
NH-CH,-CH,, appear as triplets at area of 2.55 ppm and 3.85 ppm.

Oxidative condensation reaction of 5-mercapto-3-phenyl-1,3,4-thiadiazole-2-thione with
amines. Thiols, as alcohols, may ecasily undergo oxidation [5]. However, oxidation of thiols differs
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sharply from the oxidation of alcohols. Bond dissociation energies in thiols are quite high, but these ties
are less strong than that of the O-H and C-O in oxygen equivalents of thiols - alcohols. The structure alkyl
groups in alkanethiols, linked to a sulfur atom, has virtually no effect on the bond strength S-H and C S.
Depending on the nature of the oxidant, thiol oxidation products are disulphides R-S-S-R, sulfinic RSO.H
or sulfonic RSO:H acids [5, 6, 15]. While the actions at mild oxidants such as iodine, bromine, hydrogen
peroxide, MnQ;, thiols usually oxidize to disulfides. Strong oxidizers - nitric acid or potassium
permanganate - can oxidize thiols to sulfonic acid and sulfates (products of exhaustive oxidation of
organic sulfur compounds).

It is suggested that the oxidation of thiols occurs in two stages and leads to the formation of thiyl,
sulfinyl radicals, from which the above mentioned compounds are formed [5-7]. With most ease thiols are
eoxidized to disulfides:

R-S > R-S'+¢
2R-S" - R-S-S-R.

The rate of the first reaction depends on the concentration of mercaptide-ion R-S-, and, consequently,
for characteristics of reducing properties of thiols, tends to dissociate of their SH-groups (pKSH) are of
great importance. The speed of the second reaction-recombination of radicals depends on their structure.
New features in the synthesis of heterocycles, containing dithiol group and, simultaneously, from two
sides, the heterocyclic amine scaffolds, is opened by thiols oxidative condensation reaction with amines
leading to form bis-carbothioicsulfenamides.

In the literature, there are few data on the oxidative condensation of thiols with various nucleophilic
reagents. The first works of a similar nature were carried out in the late 50s, where the authors [5,7]
described the synthesis of some 1,4-piperazine bis-carbo-thioicsulfenamides, which proved to be effective
sulfur vulcanization accelerators for natural and synthetic rubbers.

Due to high physiological properties of dithiols it seemed to us interesting to synthesize and
comparative study of the biological properties change of character among the disulfide derivatives of 5-
mercapto-3-phenyl-1,3.4-thiadiazole-2-thione [5]. To this end, we carried out the reaction of oxidative
condensation of it with different reagents-substrates. Oxidative condensation reaction of 5-mercapto-3-
phenyl-1,3,4-thiadiazole-2-thione was carried out in aqueous-alcoholic medium with various soft oxidant
- H,0, (3-30%), J, (5-15% alcohol solution) NaNQ, et al. in a temperature range of 0-50 °C.

Ph Ph
12 C,H;OH N—N N—N~
S

DStV G §

For optimization of conditions of the oxidative coupling we studied the reaction of the oxidation of 5-
mercapto-3-phenyl-1,3.4-thiadiazole-2-thione with alcohol solution of iodine. Alcohol solution of iodine
dripped from the buret with vigorous stirring until slightly yellow color. The resulting disulfide was
washed with ethanol and air dried several times, disulfide yield was 92%. Implementation of this reaction
in the presence of amines in the reaction medium leads to the formation of molecules sulfenamides (102-
105), as a result of oxidative coupling.

Ph HN 2 |, I, C,HsOH
SN—N - SN—N
\ J\ )\
(15-18)
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When studying the effect of the nature of the oxidant, it was found that the highest yields of the
desired products are achieved during the process with a 10% alcohol solution of iodine at the temperature
of the reaction mixture 5-15°C. The yield is also dependent on electronic and spatial features of attachable
amine molecules. The highest yields are obtained with benzylamine sulfenamides and the lowest outputs -
with pyridine. The synthesized compounds (14-18) are white or yellow tinge crystalline materials which
are soluble in polar organic solvents.

In the IR spectra of all synthesized compounds (14-18) there is a moderate intensity band at 3250-
3050 cm™, characteristic to the tertiary amine function, absorption bands in the areas at 1510, 1160 and
720 cm™ refer to groups C=N, N-N, C-S-C, respectively, identifying thiadiazole cycle. The compounds
(18) have an intense band at 1635 cm™, characteristic to an amide carbonyl group, and in (15) - medium
intensity band at 1120 cm™, referred to vibrations of C-O-C-morpholino group cycle. In the NMR spectra
of "H compounds (14-18) protons of the amine skeleton of alkaloids occur in areas specific to them [5-8].
Proton signals of heterocyclic skeleton of piperidine nucleus in the compound (16) appear as multiplets in
the 1.8-2.6 ppm. Protons of morpholine moiety in (15) resonate as two multiplets in the areas of 2.6-2.85
ppm and 3.45-3.64 ppm with coupling constants of 6.3 Hz.

Obtaining complex salts based on 5-mercapto-3-phenyl-1,3,4-thiadiazole-2-thione. Complex
compound of 5-mercapto-3-phenyl-1,3 4-thiadiazole-2-thione with transition metals remain unstudied and
are of great interest in the possibility of using them as medicines possessing pesticidal, antidotal
properties. For example, many salts and complexes of thiols are widely used for combating various fungal
diseases of crop plants [2,4,5]. As fungicides, in a number of countries zinc ("Ziram"), iron ("Ferro"), and
other complexes are quite widely used. Zinc complexes (e.g., drug "Zineb") are particularly effective
against various crop pests [5,9, 14].

The high complexing ability of sulfur compounds is connected with the presence of several sulfur
atoms, and, especially, its structure, that is, the presence of not shared electron pairs and donor properties.
This leads to the possibility of formation due to the vacant sulfur d-orbitals of strong enough m-bonds,
including dative with metal ions [15,16]. They form complexes with the elements, ions of which have
partially unfilled d-orbitals or filled d-orbitals and low positive charge, or (18+2) electron configuration.
These are mainly ions of the elements that form low-soluble sulfides (hydrogen sulfide and ammonium
sulfide group). All this resulted in interest in the synthesis of metal complexes of 5-mercapto-3-phenyl-
1,3.4-thiadiazole-2-thione with ions of heavy metals (Cu, Fe, Co, Ni) in an aqueous medium as follows:

N—N

19-22) N\

Me = Ni (19), Fe (20), Cu (21), Co (22)

During the reaction it was established that the studied 5-mercapto-3-phenyl-1,3.4-thiadiazole-2-
thione easily reacts with the heavy metal ions to form complexes. Compounds (19-22) are crystalline
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compounds with high melting point. Outputs of metal complex (19-22) made up of 70 to 85%. The
synthesized compounds are crystalline materials which are soluble in chloroform [14,15]. The structure of
the synthesized compounds was proved by IR spectroscopy, their composition - by elemental analysis.

Reactions of S5-mercapto-3-phenyl-1,3,4-thiadiazole-2-thione with o, p unsaturated compounds.
Joining of thiols to compounds having the C=C bond, has long been known and has quite a big difference.
In these reactions it may be involved a wide variety of unsaturated compound types - olefins, dienes and
polyenes, reagents which activate the double bond substituents of different nature [2,5-9]. It was studied
the attachment of thiols to acrylonitrile, unsaturated carboxylic acids and their esters, vinylpyridine,
acrolein and other unsaturated compounds [5,16]. Tt is known [5,7] that the nature of the substituents in
close proximity to the active centers of the molecule affect the reactivity and biological properties of the
compounds. The interest, shown by us to reactions of this type, is due to the high practical relevance of
received new sulphides, many of the substances of the same class are actively used in the practice of
pesticides, antioxidants [5,9].

Reacting of 5-mercapto-3-phenyl-1,3,4-thiadiazole-2-thione with esters and amides of acrylic acid. In
order to study the effect of the substituent nature on the biological activity of 5-mercapto-3-phenyl-1,3,4-
thiadiazole-2-thione derivatives and development of methods for obtaining thioethers formulations it was
researched on reacting of 5-mercapto-3-phenyl-1,3,4 thiadiazole-2-thione with esters and amides of
acrylic acid.

V/
N—N CH,:CH-C N—I{I o
S/\S SH » SJ\S)\S-CHZ-CHZ-C-OR
(23-26)

R =H (23); CH; (24); i-C3H, (25); C.Hy (26)

Synthesis was carried out by Michael scheme in absolute ethyl alcohol environment and heating the
reaction mixture to 40-50°C. The reaction proceeds by nucleophilic addition mechanism on f§ carbon atom
of the double bond which is in conjugation with a carbonyl group. Reacting of 5-mercapto-3-phenyl-
1,3,4-thiadiazole-2-thione with acrylamides occurs under conditions similar to the connection of it to
esters of acrylic acid in alcoholic medium at a temperature of 45-50°C [10,11,13].

.-
@ §* o
N—N 7
N—N

\ CH,:CH-C” - o
SA )SH e SA )\S—CHz—CHZ- l—N<

(27-30)

S

AN / \
N— = -NH, 27); (2]} < : .
y, 2 @27); O N-(28); N-(29):

The outputs of final products (27-30) in pointed range of amines are reduced due to the lowering of
the reactivity of the N-substituted cyclic acrylamides. This is primarily an increase of electron-donor
properties of the nitrogen lone pair, which significantly reduces the electron-withdrawing effect of
carbonyl oxygen on the m-electrons of the double bond, and also the steric factors of the amide group are
in progress. The synthesized compounds (27-30) are crystalline materials which are soluble in polar
organic solvents.

—_— 44 ——
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Using X-ray diffraction studies it was established the spatial structure of the molecule of 3-(4-phenyl-
5-thioxo-1,3,4-thiadiazol-2-ylthio)propanamide (27). The general form of the molecule (27) is shown in
Fig.

Figure - The spatial structure of the molecule (27)

In the TR spectra of compounds (14-30) it is observed the absorption band at 1640-1635 cm™,
characteristic for the amide carbonyl group. In the PMR spectra of all compounds (14-30), there is a
proton triplet of S-CH, group at 3.13-3.28 ppm, protons of CH,CO- group resonate at 2.78-2.83 ppm, and
also as a triplet. When analyzing the PMR spectrum (27) the phenyl ring protons appear as multiplets with
absorption area 7.13-7.26 ppm. SCH, methylene protons of the acid appear in the form of triplets in the
area of 2.25 and H;, 2.71 ppm with coupling constants J J H;Hy; 7.5 Hz.

Reacting of 5-mercapto-3-phenyl-1,3,4-thiadiazole-2-thione with vinyl ethers. Electrophilic addition
of thiol compounds to unsaturated electrophilic compounds, the double bond of which is activated by
electron-withdrawing substituents, is investigated rather poorly. Reaction with unsaturated acids, their
esters, anhydrides, unsaturated ketones and other compounds with a multiple bond can be synthesized by
a large number of S-substituted derivatives of thiols. Thiols electrophilic addition to the double bond is
often carried out in an acidic medium or in the presence of acidic catalyst (HCI, AlCl;, SO,Cl,) through
step of carbocation formation [13,16].

Continuing research on the synthesis of 5-mercapto-3-phenyl-1,3.4-thiadiazole-2-thione and
regularities of the addition reaction to o, B-unsaturated compounds, we have carried out reacting of 5-
mercapto-3-phenyl-1,3.4 thiadiazol-2-thione with vinyl ethers. The reaction proceeds under mild
conditions at equimolar ratio of the reactants in absolute alcohol with output of 62-70% of the target

product.
AN_E* CH,=CH-OR ©\N—N
s¥N\g7SH S S)‘S—?H—OR
(31-34) CHs
R = C,Hs (31); C;Hy (32); C4Hs (33); CoHs (34)
In contrast to derivatives of acrylic acid, in this case the connection of 5-mercapto-3-phenyl-1,3,4-

thiadiazole-2-thione occurs at a-carbon atom of the vinyl group by electrophilic addition mechanism.
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Formation of B-derivatives is observed. The resulting compounds are inactive yellow oils, soluble in polar
organic solvents. The composition of synthesized new compounds was proved by elemental analysis, and
the structure - by IR and NMR-spectroscopy. Currently, the resulting compounds are primary tested for
different bioactive species.

Conclusion. In studying the problem of the relationship between molecular structure and their
activity, different approaches are used, one of these methods is the chemical modification of the structure
of known biologically active compounds with the introduction to the structure of certain pharmacophore
fragments. This "symbiosis" of several pharmacophore groups with known activity in a single molecule,
can contribute not only to multiple strengthening of their biological action, but also the emergence of new
types of biological activity. Synthesis of new derivatives of 5-mercapto-3-phenyl-1,3,4-thiadiazole-2-
thione opens new possibilities for the synthesis of biologically active substances.
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HOBBIE ITPOU3BO/IHBIE 5S-MEPKAIITO-3-®EHWJI-1,3,4-
TNAAUA30JI-2-TUOHA. CUHTE3 U CTPOEHHUE

AnHotanusi. B pabore mpencrapicHsl B O00OOOIICHHOM BHAC PE3YJbTATHI HCCICAOBAHMA IPEHAPAaTHBHO
YAOOHBIX CHOCOOOB CHHTE3a HOBBIX MPOHM3BOJAHBIX 1,3.4-THanmasona, MoJydyeHHbIC 3a mociaeanue 10 ser. Ilpuse-
JICHBbI JIQHHBIC IO CHHTE3Y S-Mepkanrto-3-(eHui-1,3,4-Tuanua3on-2-THOHA B3auUMOACHCTBHEM (DCHUITHApA3UHA C
CEpOyTIACPOIOM B IICIOYHOH Cpele C MOCIACAYIOMmEH HHKIM3anuedl oOpa3yromerocs AUTHOKapOaMaTra B KHCIIOH
cpeae. PaccmoTpens! peakuun cuHTe3a THOI()HPOB 1,3,4-THanna301-2-THOHA IyTEM ALMIMPOBAHUS XJIOPAHTHIPH-
JIaMH AaKPHJIOBOH KHCJIOTBL M3y4eHBI peakiuy Hy KICO(PHIBHOTO B3aUMOACHCTBHS PA3IHYHBIX AMHHOCOCIHHCHUH H
5-(akpunonnTtuo)-3-¢penun-1,3,4-ruannazon-2-ruona. OMUCAHBI ONTHMAJBHBIC YCIOBHS PEAKUHH OKHCIHTEIbHON
KOHJEHCAIMU S5-MepKanTto-3-(enun-1,3 4-tuaaua3on-2-THOHA B BOJHO-CIIMPTOBOH CpeAc Pa3IHMYHbIMH MATKHMHU
oxuciurevu H,O,, J,, NaNO, B BOZHO-CITUPTOBBIX cpefax. PAaCCMOTPEHBI pPe3yIbTaThl PEaKMU Hy KI€O(DUILHOTO
TIPUCOCAMHEHNS PA3IMYHBIX PEarcHTOB IO ABOWHOH CBA3H S-(akpunomnTtuo)-3-(enu-1,3,4-1uaquason-2-THoHa, a
TAKOKE PEAKIUU KOMILIEKCOOOpa30BaHHA S-Mepkanto-3-(eHun-1,3,4-tuaauazon-2-THOHa B BOJHBIX PAacTBOPAx
COJICH METAIOB.

KimoueBnie cioBa: 5-mepkanto-3-(penun-1,3,4-tTnaaua3on-2-THOH, THOJ, S5-(aKpHIOWITHO)-3-(enun-1,3,4-
THAIHA301-2-THOH.

Beenenne. [lpu KOHCTPYHPOBAHHHM pPa3sHOOOPA3HBIX MOJICKYJI MOTYT OKa3aTbCd IOJC3HBIMH
0a3uCHBIC UCXOIHBIC COCIUHCHUS C PA3THIHBIME (DYHKIIMOHATBHBIMHA TPYIIIAMU. DTO CBSI3aHO C TEM, HUTO
Jake HEOONBLIME CTPYKTYPHBIC HM3MCHCHHS B MOJICKYJIaX OHOJOru4eckd axkTuBHBIX BemecTB (BAB)
MOTYT IPUBECTH K HOBBIM TepaneBTH4ecKuM 3(ddextam. Baxknyro rpynny BAB, koTopbie mpovHO BOILIH
B APCCHAN JICKAPCTBCHHBIX CPCACTB COBPCMCHHOW MCIULIMHBI B KAYCCTBE AHTHMHKPOOHBIX M APYTHX
MPETAapaToOB, COCTABILIIOT cocauHeHus ¢ 1,3 4-trnanunazonossiMu ¢pparmentamu [1]. Cpeau npou3BoaHbIX
1,3,4-tHagua3ona MIMPOKO MPEACTABICHBI TAKXKE (DYHIHLUABL, FepOUIUIBI, adULHIBL, PETYISATOPBI POCTa
pacTeHul, aHTHOAKTCPHAIBHBIC MPEMaparhl, (IOTALMOHHBIC W AHAIUTHYCCKHC pearcHThl u ap. [2].
I/IHTepec, HpOHBJ’IHeMbIﬁ K THaAHUA30JIOBBIM COCAMHCHUAM CO CTOPOHBI MHOTHUX HCCJTe,E[OBaTeI[eﬁ, BbI3BAJI B
CBOC BpeMs TIOSBJICHUE Psiaa 0O30PHBIX PadoT, KOTOPBIC B TOH WIIM HHOM CTCIICHH OTPAXKAIIU OTICIHHBIC
acreKThl XMMHHU THAJUA30JI0B, OAHAKO, CO BPEMECHH HX ONMYOIHKOBAHUSA HAKOMHIOCH MHOTO JKCIICPHU-
MCHTAJIbHBIX JAHHBIX, TPCOYIOIMUX AanpHEHImero obobmenuns [3]. HampHeHmne HCCACIOBAHUS TAKUX
CTPYKTYP-THACPOB IS LICJICHANPABICHHOTO CcHHTE3a HOBBhIX BAB sBnsercs mnepcrnektuHbiM. B
HACTOsAIEM 0030pe OOOOIICHBI JAHHBIC MO WU3YYCHHUIO CHHTE3a M CBOMCTB HOBBIX MPOU3BOAHBIX 1,3.4-
THAAWA307a, U3YUCHHBIE HaMH 3a nocieanue 10 meT.

Cunre3 5-mepkanto-3-penun-1,3,4-ruagnazon-2-ruona. B kauecTBe HCXOZHOTO OCTOBA IS
BBCACHHUS PasnH4HbIX (papMakoGOpHEIX (QparMEeHTOB HAMHU B3AT S-MepkanTo-3-denun-1,3,4-tnaanazon-
2-trioH (1) u W3ydeHA €ro peaxKiHOHHAs CIOCOOHOCTh B PA3MUYHBIX PEAKIMIX HYKICOPHIBHOTO H
3ICKTPOPHIBHOTO MPUCOCIMHCHES C Pa3InIHBIMU CyOcTpaTamu [4,5].
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Mo audunumpyronye cyOocTparsl

Takoii BHIOOP MCXOAHBIX OOBCKTOB OOBACHACTCS TCM, YTO JAHHBIC COCAMHEHHS, 00Nazas BHICOKOU
OHOIOrMYIECKOH AKTHBHOCTBIO, B TO & BpPeMs OyAyT MMETh BHICOKOPCAKI[MOHHBIE AKTHBHBIE LCHTPHI —
KapOOHUIbHEIC, AaMUHOTHOIIBHBIC, CIIOXKHO3(UPHBIE U Apyruc rpymmnst [5-8].

CuHTE3 HCXOAHOTO CyOCTpaTa, HOBOTO THAJHA30JOBOrO NPOWU3BOXHOTO — S-mepkanto-3-(heHun-
1,3,4-traana3on-2-THOHA, OCYIIECTBILICA B3auMmoneHcTeueM ¢enmarnapasuna (1) ¢ cepoyriaepoaom B
LICTOYHOH cpele, ¢ TOCICAYIOMMM MOIKHCICHHEM, oOpasyromerocs autrokapbamara (2) amst ero
LUK/TA3AIHHN TI0 CIEAYIOMEH CXeMe

@

KOH NN Hel
— - —
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IMepBast cragus — BaumozetcTere permmruapasuHa (1) ¢ CepoyriIepoaoM MPOXOAUT B CHIIBHOLIE-
JIOUHOM cpeae mo obomm aromam asota. [IonydeHHbIi ABOMHON mauTHoKapOamar kamus (2) MoIKHCISIH
costHOU kucnoroi 10 pH 3-4, obpasyromasics mpu 3ToM auTHokapOaMuHOBas Kuciaora (3) cpazy ke
paspymacTcs ¢ BBIACICHHEM CEPOBOIOPOJA M LHUKIU3ANNCH N0 KOHEYHOT'O MPOAYKTA — S-MEpKamTo-3-
¢dennn-1,3,4-ruaauazon-2-trvona (4). Lenesoit mpoxykr (4) mpeacraBuser co00H KPUCTALIMHIECKOES
BEIIICCTBO JKEJITOTO IBETA CO CabbiM CrIeIA(HICCKIM 3armaxom [4-6].

AunnnpoBanue S-mepkanto-3-gennsi-1,3,4-THaqua3os-2-THOHA XJIOPAHTHAPHAAMH KapOOHO-
BBIX KHCJIOT, [IPHCYTCTBHE B MOJICKYJIC HECKOJIBKHUX LICHTPOB C HCTIOASICHHEIMH BJICKTPOHHBIMU NApaMHU
— ATOMOB a30Ta U CEPBI B LIUKJIC, & TAKXKC (PCHOIBHOMN, THOHHOH W THOJBHOMU TPy, MO3BOJISCT IPOBOAUTH
PA3MIMHYI0 XUMHYIECKYI0 MogubuKammo, S-mepkanro-3-¢hennn-1,3,4-tnaguason-2-tnona. bombmag
YacTh PEAKLHUIA THOIOB OTHOCATCA K THUIY HYKJICO(HIBHOTO MPUCOSAUHCHHUS H HYKICO(HIBHOTO
samerueHus. [IpoTekanue peakuuu S-aJKUTUPOBAHMS 3aBUCHUT OT CIIOCOOHOCTH THONMBHOM SH-rpynmer k
JUCCOLIMAIIMK ¢ OOpPa30OBAHHMCM THOJAT-AaHUOHOB. [y YBEIHUYCHUS HYKICO(PUIBHOCTH THOJIOB HAaCTO
HCTIONB3YIOT PA3NHUYHEIC ICIOYHBIC KATAIM3ATOPH! (THAPOKCHUAR HATPUS M Kalus, TPUITHIAMUH, 3THIAT
HATpUsl, IHUPUANH), THOO0 TPOBOMAT PEAKLHUIO ¢ 0ONCe PEeaKLHMOHHO-CIIOCOOHBIME THOJIATaMH HaTpus. B
peaKIMsIX alIUPOBAHUs B KAUCCTBE ALMIMPYIOLIMX areHTOB HCIONB3YIOT KapOOHOBBIC KHCIOTHI, HX
aHTUAPHUABL ¥ aruiassl [5,9]. Huwke npencrapicHs! MOMYyUYeHHBIE HAMU JAHHBIE 10 U3YUEHHBIM PEAKLIHAM
arIMpoBaHus S-MepkanTo-3-¢enn-1,3,4-tuaarnazon-2-THOHA pa3IMYHbIMU Xytopanruapugamu [10-12].
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R(uomep coexn., %): CsHs (5, 89), 0-BrCsH. (5, 78),
n-CH;CqHs (7, 82), CH,=CH (8, 71), CH,=C(CHj3) (9, 76).

Peaximu npoTeKkaroT B MATKUX YCIOBHAX C SK30TepMudeckuM dddexroMm mpu temmneparype -5+0°C B
HNPUCYTCTBHH OCHOBAHHS — TPUSTHIAMHHA, B KAUCCTBE AKLEHTOPA BBLACIAIOIIETOCS XJIOPOBOAOPOAA.
INony4yennsie THONOBBIC 3huUpPH  KapOOHOBBHIX KHcmOoT (5-9) mpeacraBmsiror  cobol  Gernbie
KpucTaummdeckue semecrsa (5-7) mnmm macma (8,9), pacTBopuMbic B OOJBIIMHCTBE OPTaHHYCCKHX
pacTBOPUTENIEH.

B HK-cnexrpax coexuHeHui (5-9) HaOMIOAAOTCA XapakTepHbIe moyockl noriomeHus ans C=0-
rpymmel mpu 1730-1710 cm!, rpymma momoc mpu  1270-850 oM oTHOCHTCS K KOJMEGaHMAM
THaMa3071080r0 KA. B crexrpax AMP 'H Bce mpoTOHBI coeauHeHHit (5-9) MPOSsBAIOTCS B 061aCTH
cralBIX IONICH, XapakTCPHBIX IS COCAUHCHHWH C (CHIIBHBIMH W HCNPCACIBHBIMH TPYIIIAMH, TaK
(beHUNTBHBIC MPOTOHEI IPOSIBISIIOTCS B BHAEC MYJIBTHILICTOB B oOnactsix 7,04-7.89 m.x., mporons! (CH,=C)
PE30HUPYIOT B BUAE ayOnera ny0neToB B obnactu 5,82-6,14 m.a.

Peaxkun Hyki1eoHILHOr0 NMPHCOETHHEHHS IO ABOHHOH CBSI3H ANMJINPOH3BOIHBIX THOHA.
Amunmpon3ssogusic  (5-9) ABIAOTCS yAOOHBIMH CHHTOHAMH Ul JATBHCHIICH MOAMQPHKALMHA UX
crpykrypel. Ero crpykrypa HMHTEpPECHa TEM, YTO HMECTCS HCCKOJIBKO PCAKLMOHHBIX LCHTPOB UL
NpUCOCAUHC HUS HyKHeO(i)I/IHLHbIX pe€arcHTOB, B KAUCCTBC KOTOPBIX MBI HCIIOJIb30BAIN XHHOHHBHﬂHHOBLIﬁ
ATKATOUA LWUTH3WH, MUPHIUHOBBIM ankagon] aHaba3WH, a TAKKE HEKOTOPBIC TIeTECPOLIUKIHYCCKHC
BTOPHYHBIC AMUHBI - IUNCPUIHH U MOP(OIHH.

Ha mpumepe S-(akpunomnruo)-3-denun-1,3,4-tnaanazon-2-tuona (8) HamMu H3Y4YCHO €ro
B3aUMO/ICHCTBHC C AJKAJIOHJAMHU U amMmuHaMHy. Peakimn mpoBoauiancs B cpeae abCoIIOTHOro0 OeH30a npu
cnabom Harpesanuu [10-14].
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Hcnonp30BaHue B 3TOH PeaKLUU JPYTOTO ALHIIPOU3BOAHOTO — S-(METAaKPHIOWITHO)-3-henmn-1,3,4-
THAIHA3071-2-THOHA (9) HE MPUBOAMIO K JKEJIACMBIM PE3yJIbTaTaM (HH3KHC BHIXOIBI, TPYAHOCTH BBLAC-
JCHUS LEJCBBIX BCIIECCTB) B H3YVUCHHBIX Hamu ycinoBmax. CuHresmpoBanHbie coexuHeHus (10-13)
HPEACTABISIOT CO00i OClblc KPHCTATIMUCCKUC BEILECTBA, PACTBOPHUMBIC B MOJSPHBIX OPraHUYECKHX
PacTBOPUTCIIAX. HaI/I60.TH:H_II/Ie BBIXOABI LCJICBBIX IIPOAYKTOB Ha6moz[amc;1 B pCaknuAX NMPUCOCAUHCHUAL
ankanonaa muTu3uHa ¥ Mopdonuna, 91% u 86% cooTBETCTBEHHO.

CocTaB M CTPOCHHE THOIYICHHBIX BCINECCTB MOATBSPIKACHBI JAHHBIMH JIeMEeHTHOro aHamm3a u K- u
IMMP-criextpockonuu. B UK cnexrpax coeannenuii (8-13) nHabmroxarorest nonocsr normomeHust st C=0
rpyrmsl B o6macta 1730-1710 em™', NH rpymmsr — 3270-3260 em™'. B cnextpax ITMP coexunermii (10-13)

N
- =—NH, (10) ;
/N 5 (10)
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MPOTOHBI (AMHHHON) ANTKATOWAHON YacTH TPOSBILIIOTCS B XapaKTCPHBIX I HUX obmactax [12-14].
[IpoToHB apOMATHUECKOTO KONbLA PE3OHUPYIOT B cinaboil 007JacTH COeKTpa B BHAC CIOXKHOTO
myapTammeTa ¢ nentpom 7,14 m.a. Iportonsr apyx metmienossix rpymn NH-CH,—CH,, nposssrorcs B
BUJC TPHUILICTOB B 00aactu 2,55 m.a. u 3,85 m.1.

Peakumu okHcIHTELHOI KOHAeHcAUHH S-mepranto-3-penmi-1,3,4-Tuaana3on-2-THoHA ¢
amMuHAMHU. THOMBI, KaK U CIIAPTHL MOTYT JIETKO MOABEPraTbes OKUCICHUIO [5]. OaHaKko OKHUCICHHE THONIOB
PE3KO OTIUYACTCS OT OKUCICHHS CITUPTOB. JHEPIHU AUCCOLUALNY CBA3CH B THOIAX JOCTATOYHO BBICOKH,
OIHAKO 3TH CBsA3U MeHee npouHsl, yeM cBa3u O-H u C-O B kucI0OpoAHBIX aHATOraX THOJIOB — CIIUPTOB. B
ANTKaHTHOJIAX CTPOCHHE AJKWIBHBIX TPYIII, CBA3AHHBIX C aTOMOM CEpBL, NMPAKTUYCCKH HE BIAAET Ha
npouHocTh ca3ei S-H u C- S. B 3aBrcHMOCTH OT NPHUPOIB OKUCTHATEIS HPOIYKTAMH OKHCICHHS THOIOB
apsroresa aucynbduasl R-S-S-R, cynedunossie RSOH wnn cymsdonoseie RSO;H kucnorer [5, 6, 15].
Ipu aeiicTBUM MATKUX OKHUCIUTENICH, TAKUX Kak Mo, Opom, mepokcua Bogopoaa, MnO;, THombl 0OBIYHO
OKHCIAIOTCA A0 Aucyabduaos. CUIbHBIC OKUCIUTEIN — a30THAS KUCIOTA HIW HEPMAHTAHAT KU —
MOTYT OKUCJISAITh THOMBI 10 CYIB(OHOBBIX KUCIOT U CYIb(aToB (IPOIYKTOB HCUCPIBIBAIOIIECTO OKUCICHHUS
OPTraHHYCCKUX COCIUHCHUH CEpBbI).

BrickazaHo MPEIONOKEHHE, YTO OKHCICHHE THOJOB MPOTEKACT B JABE CTagUM W NPHUBOIUT K
00pa30BaHUIO THHIBHBIX, CYTb(UHHUIBHBIX PAJHKAIOB, U3 KOTOPHIX M 00Pa3VIOTCS BBILIC- YKA3AHHBIC
coequueHus [5-7]. C HauOOBIICH TETKOCTHIO THOJIBI OKUCISIOTCS 10 AUCYIb(PUI0B:

R-S - R-S'+¢
2R-S§" - R-S-S-R.

CxopocTh HepBOU PeakIiy 3aBHCHT OT KOHLICHTpalMu MepkanTua-nona R—S™ u, cnexosatensno, ps
XapaKTCPUCTUKH BOCCTAHOBHTCIBHBIX CBOWCTB THOJOB OOIBINOE 3HAYCHHEC HMECT CKIOHHOCTh K
muccormaruu ux SH-rpymm (pKsy). CkopocTs BTOPOI peakuuu -peKOMOUHALINK PATUKAIOB, 3aBUCHT OT
uxX cTpoeHus. HoBbIC BO3MOKHOCTH B CHHTE3¢ TETCPOLMKIOB, COACPKAINUX AWTHOBYIO TPYNIY U
OJHOBPEMCHHO C ABYX CTOPOH aMHHHBIE TETCPOLUKIMICCKHEC KAPKACHL, OTKPHIBACT PCAKLHS OKUCIUTEIb-
HOW KOHACHCAIIMH THOJIOB ¢ aMUHAMH, ITPUBOSIIAS K 00Pa30BaHUIO O1C-KapOOTHOCY Tb(HCHAMUIOB.

B mmaTeparype Mano AaHHBIX N0 OKUCIUTEIBHOH KOHIACHCAIIMH THOJIOB C PA3MHYHBIMHI HYKICO(DHITb-
HBIMH pearcHTami. llepBeie paboThl aHAJIOTHYHOrO XapakTepa MPOBCACHBI B KOHLE 50-X roos, rae
aBTopaMu [5,7] omucaHBl CHHTE3BI HEKOTOPBIX 1.4-mumepaznH-OHc-kapOoTHOCYTbGCHAMUIOB, KOTOPHIC
oxazanuch 3QGPEKTUBHEIMUA YCKOPUTEISIMHU CCPHOHM BYJIKAHU3ALMU ISl HATYPATBHOTO U CHHTETHUCCKOTO
Kay4IyKOB.

B cBsa3u ¢ BrIcOKMMHU (PU3HOIOTHYECKUMHU CBOWCTBAMH JUTHOIIOB HAM MPEACTABISIIIOCh HHTCPECHBIM
OCYILECTBHTh CHHTC3 M CPABHUTEIBHOC U3YUCHUE XapakTepa U3MEHCHHS OHONIOTHUCCKUX CBOHCTB Cpeau
JUCYIb(HUAHBIX MPOU3BOAHBIX S-Mepkanto-3-penmi-1,3,4-tuanuaszon-2-ruona [5]. C 310 UeapI0 HAMH
OCYILECTBICHA PEaKIH OKHCIUTEIBHOW KOHACHCALMH €r0 C Pa3NHYHBIMH PEarcHTaMH-CYOCTpATaMH.
Peaknuro oxucnuTenpHOM KOHAEHCAUMH 3-mepkanto-3-¢peHun-1,3,4-tnaanazon-2-THoHa OPOBOAWIH B
BOJHO-CIIUPTOBOU CPEeAC pas3auuHbiMu Markumu okucautesasmu — H,Q, (3-30%), 1, (5-15% crmprosoit
pactBop), NaNO; u ap. B uarepsasie temmeparyp 0-50 °C.

Ph_ Ph _Ph

AN

(14)

Hnst oTpaOOTKH YCIOBHH OKHCIHTCIBHOIO COUCTAHUS HAMH H3VUCHA PEaKLMs OKUCICHHSI 3-
MepkanTo-3-hennn- 1,3,4-tTnagnazon-2-THoHa CIUPTOBBIM pacTBOpoM Hoxa. CrupToBBIA pacTBOp Hoza
MPOKANbIBAICS W3 OIOPETKH NPH HMHTCHCUBHOM TNICPEMCLIMBAHUN IO TOSBICHHUS cnabo JKENTOro
oxpamuBanug. O6pazoBaBIIHNCH AUCYIb(QUI MPOMBIBANCA HECKOJIBKO Pa3 STAHOJOM W BBHICYLIHIH HA
BO3AYXE, BBIXOA Aucyabduaa coctasun 92%. OcyliecTBICHHE AaHHOH peakLUH B NPUCYTCTBUH B

— ) ——
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PCAKLOHHOW CpPEAC MOJCKYJ AMHHOB MPUBOAMT K oOOpasoBanmio cyibdenamumgos (102-105) s
Pe3ynbTaTe NX OKUCIUTCIIBHOTO COUCTAHUA.

Ph
Ph HN/E I, C,H.OH ~
o , o, CoHs N—I\\I
, —— L
S SH S S S—N
(15-18)

N /\
§/NH: 0  N=(15), { N-=(16), @—CHZNH—(W),

IMpu m3yueHHM BIHSHMS HPUPOJBI OKHCIUTENS YCTAHOBJICHO, YTO HAamOOJEC BBICOKHC BBIXOJbI
LIEJICBBIX IPOAYKTOB AOCTHracTCs HpH mposeacHuu mporecca 10%-HbIM CIIMPTOBEIM pacTBOpOM HozAa
OpU TEMIEPaType peakuuoHHONH cMmecH 5-15°C. BbIXOObl KOHCYHBIX MPOAYKTOB 3aBHCAT TAKKE OT
SIEKTPOHHBIX H HMPOCTPAHCTBCHHBIX OCOOCHHOCTCH MPHCOCAMHACMOH MONCKYJbl amuHAa. HamGomsimme
BBIXOABI CYIb(CHAMHUIOB MOJYYCHbI C OCH3MIAMHHOM, 4 HAWMCHBINHE BBIXOABI — C MHPUANHOM.
CunresupoBannbic coemunenust (14-18) mpencrapmastror coOoi Oenble MM € JKCATBIM  OTTCHKOM
KPUCTATLTUICCKUC BCIICCTBA, PACTBOPHUMBIC B IOJISIPHBIX OPraHUYICCKUX PACTBOPUTCIIAIX.

B HK-cmexrpax Bcex cuHTE3WpoBaHHbIX coeauneHuil (14-18) mpucyrcrByer monoca cpeaneit
MHTCHCHBHOCTH TIpH 3250-3050 c¢M', XapakTepHas TPeTHYHOH aMHHO(MYHKIHH, TIONOCH TOTJIOMEHHS B
obmacrax mpu 1510, 1160 u 720 cv”' ormocsress k rpymmav C=N, N-N, C-S—C COOTBETCTBEHHO,
HACHTH(DUITUPYFOIITHE THAIHA30I0BBIH UK. B coeanuennn (18) mmeercs uHTeHCHBHAS momoca ipu 1635
CM , XapaxkTepHas A1 KapOOHMIbHOU aMHIHOU Tpymmbl, a B (15) — monoca cpeaHel HHTCHCHBHOCTH TIPH
1120 cv”', otHecennas k xoneGammam C-O—C-rpymmer MopdonuroBOro mukma. B cnextpax SIMP 'H
coenquacHUH (14-18) mpOTOHBI aMUHHOTO KapKaca ANKaIOWIOB MPOSBIAIOTCS B XAPAKTCPHBIX I HUX
obnactsix [5-8]. CurHanel DPOTOHOB IETCPOLIUKIMICCKOTO KapKaca MUNCPHANHOBOTO SIAPA B COCANHCHUH
(16) mposBsroTCs B BHAC MybTHIUICTa B 0bmactu 1,8-2.6 m.x. [Tpotons MopdomauHoBoro dparmenra B
(15) pe3oHupyIOT B BUAC ABYX MYJIBTHIUIETOB B oOnactsx 2,6-2,85 m.x. u 3,45-3,64 m.a. ¢ KCCB 6,3 I'mr.

Ilony4yeHne KOMIIEKCHBIX cojieii HA OCHOBe S-mepkanTto-3-¢enni-1,3,4-Tnaanason-2-TuoHa.
KomnnexcHsle coeauueHns 5-Mepkanto-3-heHun-1,3 4-tnaana3on-2-THoHa ¢ MEPEXOTHBIMHA METAIIAMH
JO CHX TOp OCTAalOTCS HEW3YUCHHBIMH W MNPEACTAB/SIIOT OONBINOH HHTEPEC BO3MOXKHOCTBIO
HCIIONB30BAHUS MX B KA4YECTBE MPEHApaToB, 00IaJaOLINX NECTULMAHBIMU, aHTUIAOTHBIMH CBOMCTBaMU.
Hanpumep, mMHOrHe cOMM M KOMIUIEKCH THOJOB INHPOKO MPHMEHSIOTCS sl OOpBOBI ¢ pa3nudHBIMH
IPUOKOBBIMHU OOJIC3HSIMH CEITbCKOXO3SIMCTBEHHBIX pacTeHuil [2,4,5]. B xauectBe (QpyHrHUILMIHBIX CPEACTB
JOCTATOYHO IIHAPOKOS MPHUMEHEHHE B PAAC CTPAH HAILIH HUHKOBAS («UUpam»), xkenesHas («deppam») u
ap. xkomruiekceol, Oco6eHHO 3(EKTHBHEI B OTHOIICHAH PA3IMYHBIX BPCIUTCICH CCIbCKOXO3IHCTBCHHBIX
KYJIBTYP IIAHKOBBIC KOMILICKCH (HampuMep, penapar «uuHeo») [5,9, 14].

Bricokast KOMITTEKCOOOpa3yIOINas ClIOCOOHOCTh CEPOCOACPIKAINNX COSANHCHHN CBSI3aHA C HATTMYIHUEM
HECKOJIBKHX aTOMOB CEphl M OCODCHHOCTBIO €€ CTPOCHHS, TO ©CTh HAJIMYHACM HEMOJCICHHBIX
SIEKTPOHHBIX MAP M JOHOPHBIMU CBOICTBAMH. JTO 0OYCIABIMBACT BO3MOXKHOCTh OOPAa30OBAHHUS UMH 32
CUCT BAKAHTHBIX d-Op6HTa,]'[eI>’I CCPBhI AOCTATOTHO ITPOIHBIX TC-CBfIBeI\/’I’ B TOM YHCJIE U JATUBHBIX C HOHAMH
metamioB [15,16]. Ouu 00pa3yrOT KOMIUIEKCH € 3JCMCHTAMH, HOHBI KOTOPBIX HMMEIOT YaCTHIHO
He3anoJaHeHHsIe d-opOWTamn Wi 3anonHEeHHbIE d-OpOWTATH W HU3KHH IOIOXWUTEIBHBIA 3apsi, WIH
(18+2)-anexrponHyo koHGUIypamuoo. IJTO, TIJIaBHBIM 00pa3oM, HOHBI 3JICMCHTOB, 00pasyroinue
MaJIOpacTBOPUMbIC CyIbGuAb (IpyIma cepoBoAopoaa M cymbhuma amMonHus). Bce ato 0OycmoBuio
HHTEpEC K CHHTE3Y MCTAUIOKOMILICKCOB S-Mepkanto-3-dennn-1,3,4-tuaguazon-2-THoHa ¢ HOHAMH
soxensix Metawios (Cu, Fe, Co, Ni) B BoZHO# cpee Mo CIeayIOmeH cxeme:
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Me = Ni (19), Fe (20), Cu (21), Co (22)

B xo1¢e peakiiiy yCTaHOBJICHO, YTO M3y4aeMEIil S-MepkanTo-3-¢enmn-1,3,4-tnannaszon-2-THOH JIETKO
BCTYNAET B PEAKUHH C HOHAMH TSDKCIBIX METANIOB, ¢ OOpa30BaHHEM KOMIUIEKCHBIX COCAMHCHHE.
Coeanuenna (19-22) mpeactaBisaoT coOOH KPHUCTAIMUYECKHE COCAMHEHMS C BBICOKOH TeMIepaTypoH
miasneHud. Beixoasl merautokoMruiekcoB (19-22) cocrasumu ot 70 mo 85 %. Cunte3upoBaHHBIC
COSIUHEHMS MPEICTABIIOT COOOM KPHCTA/UTHUECKHE BEIIECTBA, pacTBOpuMEIC B Xiopodopme [14,15].
CrpocHHE CHHTE3MPOBAHHBIX COCAWHCHHH JokazaHbl maHHbIMH HK-cmexrpockommH, uX coctaB —
3IEMECHTHBIM aHAIU30M.

Peaxunn 5-mepxanro-3-dpennn-1,3,4-tnagnazon-2-THoHa c 0,B-HenpeaeIbHLIMH
coepuneHusimu. [IpucoeanHeHHe THOMOB K COeOUHEHHAM, uMeromuM cBsi3b C=C, H3BECTHO JAaBHO H
HMEIOT [JOBOJBHO OONBIIOC 3HA4YeHHE. B 3TH peakuun MoOryT OBITh BOBJCUYECHBI HETPCACIBHBIC
COCIMHCHHUS CAMBIX PA3HOOOpPA3HBIX THUIOB — OJCGHHHBL, JUCHBI U TOJHEHBI, PCarcHTH, B KOTOPBIX
JBOWHAS CBA3b AKTHBHPOBAHA 3aMECTHTEISIMH PAa3IHYHON mpHpodsl [2,5-9]. M3ydyeHO NpHCOEAHHEHHE
THOJIOB K aKPWJIOHHTPHUIY HCHACHINICHHBIM KapOOHOBBIM KHCJIOTaM H HX 3¢HpaM, BHHHINHPHINHAM,
AKPOJICHHY W JAp. HENpeAcnbHBIM cocauHeHusM [5,16]. M3BectHO [5,7] Taroke, 94TO Ha PEaKLMOHHYIO
CHOCOGHOCTh U OHOJOrMYECKHE CBOMCTBA COCAMHCHHU BIUAET MPHUPOAA 3aMECTUTENCH, HAXOAALINXCA B
HETIIOCPEICTBCHHOW OJIM30CTH C AKTHBHBIMH IICHTpaMH MoueKyjbl. MHTepec, mposBaseMbIi HAMH K
peaKkUMsAM 3TOTO THMA, OOBIACHACTCS OONBINON MPAKTHUECKOH 3HAYMMOCTBIO IIONYYacMbIX HOBBIX
cyIb(pHI0B, MHOTHC U3 BECHICCTB AHAIOTHYHOTO KIIACCA ABJIIOTCA AKTHBHO HCIIONB3YEMBIMU B MPAKTHKE
TICCTUIMAAMU, AHTHOKCHIAHTaMH [5,9].

Bzaumooeiicmeue  5-mepranmo-3-penun-1,3,4-muaduazon-2-muona ¢ sQupamu u  amudamu
axpunogoii kucnomol. C NENBIO U3yUYCHHS BIMAHUS MPUPOABI 3aMECTHTEISI HA U3MCHEHHE GHOIOTHYECKOi
aKTHBHOCTH TIPOU3BOAHBIX 5-mepkanro-3-¢pennn-1,3,4-tuaana3on-2-TuoHa %} pa3paboTku
MPCTIAPATABHBIX MCTOAOB MOIYUCHHS THOI(HPOB H3yUeHO B3aUMOACHCTBHE S-MepkanTto-3-henui-1,3.4-
THAHAa30/-2-THOHA ¢ 3(UpaMu ¥ aMULAMH aKPHIOBOH KHCIIOTHI.
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(23-26)
R = H (23); CH; (24); i-C;H, (25); C.H, (26)

Cunres mpoBogmmi mo cxeme Muxasins B cpeae aGCONIOTHOrO 3THIOBOTO CIIMPTA M HATPEBaHHU
peaxmonnoii cmecu 10 40-50°C. Peakuus NpoTEKAcT MO MEXaHW3MY HyKJICO(HIBHOTO IPHCOESTHHCHHS
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Mo P-yrIepomgHOMY aroMy ABOMHOM CBA3H, HAXOIAINETOCS B CONPSDKCHHU ¢ KapOOHHMIBHOU TIpYIIOH.
Bsaumoneiicteue  S-mepkanro-3-henun-1,3,4-tnaanason-2-THOHA ¢ AKPHIAMHAAMH  TIPOTEKACT B
YCIIOBUSIX, AHAIOTMYHBIX MMPUCOCAMHEHHIO €ro K 3(HpaM akpHIOBOH KHCIOTHI B CIIMPTOBOHM Cpeae mpu
temneparype 45-50°C [10,11,13].
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Brixoapl koHEUHBIX NMpOAYKTOB (27-30) B yKa3aHHOM psAy aMHHOB CHIDKAIOTCS, YTO CBA3aHO C
MOHIKEHHEM PCAKLIMOHHON CHOCOOHOCTH N-3aMCLICHHBIX LHKJIMYCCKUX AKPWIAMHIOB. JTO MPEKIEC
BCCTO MOBBILICHHC 3JICKTPOHOJOHOPHBIX CBOWCTB HEIMOJCICHHOH Iaphl a30Ta, KOTOpas CYIIECTBEHHO
MOHIKACT HJICKTPOHOAKLCTITOPHOE BIHMSHHC KapOOHUIIBHOTO KHUCIOPOAA HA M-3IEKTPOHBI JBOWHOH CBSI3H,
a TaKKE MMECT MECTO CTepHucCKHe (aKTOpsl OOBCMHOM amuaHOM rpymnbl. CHHTC3HPOBAHHBIC
coeaurcHus (27-30) mpeacTaBIAIOT COOOM KPHUCTAUTHYCCKHE BEINECTBA, PACTBOPHUMBIC B IOJLIPHBIX
OPTaHUYCCKUX PACTBOPHUTEIISX.

C moMOLIBIO PEHTTCHOCTPYKTYPHOIO HCCICIOBAHHS YCTAHOBICHO NPOCTPAHCTBEHHOE CTPOCHHE
MoJeKyIbl  3-(4-henmn-5-tnokco-1,3,4-ruaanazon-2-mrrno)npornanamus (27). OOmmii BHA MOJICKYIIBI
(27) npuBeICH HA PUCYHKE.

Pucynoxk - [IpocTpaHCTBEHHOE CTPOCHHE MONIECKY B (27)

B UK-criektpax coeauueruii (14-30) mabmoxactes nonoca normomenns B odmactu 1640-1635 ev™',
XapakTepHas AT aMUIHOH KapOoHmneHOHU rpymmsl. B cnekrpax ITMP Beex coenunennii (14-30) nmeetes
tpumet nporoHoB S-CH, rpymmsr mpu 3,13-3,28 m.a., nporonst CH,CO-rpymmnsr pe3onupyiot mpu 2,78-
2,83 m.a. take B BuAe Tpumieta. Ilpm amammse crmekrpa [IMP (27) mpotoHel (eHIIBHOrO KOIBLA
MPOSIBIIIIOTCS. B BHIAC MYJBTHILICTA ¢ 00MacThio moryoweHus 7,13-7,26 m.a. MeTuneHOBbIC MPOTOHBI
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SCH, KHCITOTHOW 4YacTH MPOSBISIOTCS B BHAC TpUIuieToB B obmactu 2,25 u Hyy 2,71 ma. ¢ KCCB J
H10H11 7,5 FI.[

Bsaumooeiicmeue  5-mepranmo-3-genin-1,3,4-muaouazon-2-muona ¢ NpoOCMbIMU  GUHUTOGLIMU
s@upamu. IneKTPOGIIBHOC TPUCOCANHCHNC THOIOBBIX COCAMHCHUHN K HEIPCICIBHEIM 3JICKTPO(MIBHBIM
COCOAUHCHU M, ,Z[BOI>’IHa}I CBA3b KOTOPBIX AaKTHBHPOBAHA J3JICKTPOHOAKLCIITOPHBIMU 3aMCCTHUTCIISIMU,
H3yUCHa JOBOJBHO c1abo. B3anmoneiicTereM ¢ HeNpe e IbHBIMHU KUCIOTAMH, UX 3(upamu, aHrHAPUAAMH,
HETIPSACTbHBIMHA KETOHAMH H € Jp. COCAUHCHUAMH C KPATHOU CBSA3BIO, MOXKHO CHHTE3HPOBATh OONBIIOE
YHUCAO S-3aMELICHHBIX NPOH3BOAHBIX THOJOB. JICKTPOMHIBHOC MPUCOCAUHCHHE THOJOB K JBOHHOU
CBSI3U 4YaCTO OCYLICCTBIIETCS B KHUCIOH CpeJe WIM B IPUCYTCTBUH KUCIOTHBIX kartanmsaropos (HCI,
AICI;, SO,Cl,) gepes craguto obpazoBanus kapoxarnona [13,16].

Ipoomxkas uccnejoBaHMs CHHTE3a MPOM3BOAHBIX S-MepkanTto-3-denui-1,.3,4-tnaguazon-2-TuoHa u
3aKOHOMEPHOCTCH NMPOTEKAHMS PEAKIMU MPUCOCIHHEHUS K 0,-HEPEACTBHBIM COCIUHCHUAM, HAMH OCY-
IIECTBICHO B3AMMOACHUCTBHE S-MepkanTo-3-(henmn-1,3,4-tnagnazon-2-THoHA ¢ BUHHJIOBBIMH 3(upamu.
Peakims mpoTekacT B MATKHMX YCIOBHSX IMPU SKBHUMOIBPHOM COOTHOIICHHM PEardpyoINNX BEIUCCTB B
abCOITIOTHOM CITHPTE € BBIXOJOM LICJICBOroO mpoaykra 62-70%.

X_K CHy=CH-OR __ N—l\\I
NG SJ\S)\S—?H—OR
CH,
(31-34)
R = C,H;s (31); CsHy (32); C4Ho (33); CsHs (34)

B ornnune 0T mpoU3BOAHBIX AaKPHIOBOH KUCJIOTHL B JAHHOM CIIydac IMPUCOEAUHEHUE S-MepKanTo-3-
¢ernn-1,3 4-rnaauazon-2-THOHA MPOHMCXOJUT IO O-YINICPOJHOMY aTOMy BHHIIBHOH TPYIIBI IO
MEXaHM3My d3JeKTpodmisHOro mnpucoeamHeHus. (OOpazosBaHue [-mpoW3BOTHBEIX HE HAOTIOZACTCA.
INony4eHHbIE COCAMHEHUS MPEACTABIIOT COOOM MAIOMOJBIIKHBIC JKEITHIC MAacia, PacTBOPHUMBIC B
MOJISIPHBIX  OpraHudeckux pacreopureisix. COCTaB CHHTE3HPOBAHHBIX HOBBIX COCHUHCHHH JTOKA3aHEBI
JAHHBIMU 3JIEMEHTHOTO aHanusa, a crpoenue - merogamu UK- u [IMP-cnekrpockonuu. B macTosimee
BpeMsl MOMYYCHHBIC COCOIUHCHUSA TMPOXOMIT ICPBUYHBIC HCHBITAHHWS HA  PA3TUYHBIC  BHIBI
OHOAKTHBHOCTEH.

BeiBoa. B n3ytucHuu mpo6iaeMbl B3aUMOCBSI3H MEKAY MOJCKYJISIPHBIM CTPOCHHUEM M HX aKTHBHOCTbIO
NPUMEHSIOT PA3IMYHBIC MOAXOABI, OJHMM K3 TAKUX METOMOB SBICTCS XHMHHYCCKas MOXU(BHKALHS
CTPYKTYPBl H3BECTHBIX OHOJIOTMYECKH AaKTHBHBIX COCAMHEHHH C BHEJPCHHEM B HX CTPYKTYPY
onpeeieHHbIX hapMakoPopHEIX (hparMeHTOB. Takol «CHMOHO03» HECKONBKUX (hapMako(OPHBIX TPyl ¢
H3BECTHOH aKTHBHOCTBIO B OJHOM MOJEKYJIE MOXKET CIOCOOCTBOBATH HE TONBKO MHOTOKPATHOMY YCH-
JCHUI0 UX OHOJIOTHUECKOrO ACHCTBUSI, HO M MOSIBACHHMIO HOBBIX BHIOB OHOIOIMYECKOW AKTHBHOCTH.
CuHTE3 HOBBIX MPOW3BOTHBIX S-MepkanTo-3-henui-1,3,4-tnamna3on-2-THoHa PaCKPBIBACT HOBBIC
BO3MOKHOCTH B CHHTE3¢ OHONOTHYCCKH aKTHBHBIX BCINECTB.
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5-MEPKAIITO-3-®EHWJI-1,3,4-THATUA30J-2-THOHHBIH
KAHA TYBIHABLIAPBI. CUHTE3I ’)KOHE KY¥PbILJIbIMbI

AnvoTtanus. Makanaga KOPBITBIHABUIBIK TYpae 1,3,4-THaaua3onablH sKaHA TYBIHABLIAPBIHBIH COHFBI 10 KbLI
IITHAET] YKYMBICTAPBIHBIH MPETAPTHBTI BIHFANUIIBI CHHTE3/ICY OMICTEMEJICPIH 3EPTTEY HOTHXKEIICPI KApaCTHIPHLIFAH.
OcHIITHAPA3HH MCH KYKIPTTi KOMIPTCKTiH HETIi3miK OpTaga OPEKETTECY1 apKbLIbl ATBIHATHIH 5-MEpKanTo-3-()CHUI-
1,3,4-THanna3on-2-THOHABI CHHTE3ACY KOJAAPHI JKOHES OCHI JHTHOKAPOAMATTHI KBIIKBUIABIK OpPTaga apel Kapau
LUKJIAEY HeTmkenepi kemaripiared. 1,3,4-Tuaamazon-2-THOHABI AKPHI KBIIKBUIBIHBIH —XJIOPAHTUAPHATEPIMEH
aIMJIICY apKbUIBI OHBIH KAHA THOI(DHPICPIH Ay PeaKIIsUIAPhl KApacThIPbUFaH. S-(AKpHIomITHO)-3-(hbermn-1,3,4-
THAIUA30JI-2-THOHHBIH OPTYPJIl AMUH/I 3aTTapMEH HyKICO(UIBAI KOCBUIY PEakUUsUIaphl 3epTTeIreH. 5-Mepkanro-
3-(pennn-1,3,4-Tuannazon-2-THOHHBIH CYJIBI-COHPTTI opTaga apTypia H,O,, J,, NaNO, skyMcak ocepii TOTHIKTBIP-
FBIITAPMCH TOTHIFYJIBIK KOHACHCAIMIAHY PCAKUISUIAPEI CHIATTATFAH. S-(AKpHIomITHO)-3-(enmn-1,3,4-tuaauna-
30JI-2-THOHHBIH KOC OalIaHBICBIHA OPTYPIl PeareHTTEPAIH HYKICOQMII KOCBLTY PEaKIUsUIAphl MEH 5-MEpKanTo-3-
(penun-1,3,4-Tuanuazon-2-THOHHBIH 9PTYPIL METAJUT TY3AAPbIHBIH CYJIbl OPTaJaFbl EPITIHAIEPIHAE KOMIUIEKC TY3Y
PeaKIUATAPBI KAPACTHIPBUFAH.

Tyiiin ce3nep: S-mepkanro-3-(penun-1,3,4-ruaauazon-2-THoH, THON, S-(akpuiaowITHO)-3-(heHun-1,3,4-Tua-
JHA301-2-THOH.




