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The aim of this work is to develop a new method -microwave synthesis of zinc orthosilicate for
photocatalyst. A hydrothermal-microwave method for the synthesis of zinc orthosilicate for
photocatalysis from water-soluble zinc salts and sodium silicate has been developed and its
photocatalytic activity has been tested. The physicochemical properties of synthesized Zn,SiO,
have been studied and determined by various physicochemical analysis methods. Synthesized and
heat-treated zinc orthosilicate-willemite has a band gap of about 3.75 eV. The photocatalytic activity
of the obtained willemite was determined by the decomposition reaction of methylene blue under
UV irradiation. The conversion of methylene blue was determined by the optical method. The
obtaining zinc orthosilicate has a high photocatalytic activity and can successfully work as a
photocatalyst under UV irradiation. The conducted studies have shown the efficiency of microwave
synthesis of zinc orthosilicate compared to traditional methods.

Ref.36, fig. 9, tabl 1

Keywords: microwave synthesis, photocatalyst, zinc orthosilicate,
willemite, methylene blue.
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Introduction

Currently, research and practical application of the phenomenon of
photocatalysis in various fields of science, technology and ecology are
actively developing [1-7]. One of the most important tasks of ecology is
wastewater cleaning in the production of leather, textile, paper, food,
pharmaceutical industry, medicine, etc., where various dyes, pesticides and
organic preparations are widely used. In particular, organic dyes (methylene
blue (MB), methylene red, etc.) are very widely used in various fields, and
wastewater cleaning containing these dyes is an urgent problem. One of the
most important tasks of neutralizing organic dyes is their complete
mineralization -the transformation of organic compounds into less harmful
substances - carbon dioxide, inorganic salts - nitrates, phosphates, sulfates,
etc. Various methods are used for this purpose, including UV ozonation, UV
oxidation with hydrogen peroxide and heterogeneous catalytic
decomposition. The cheapest method is considered to be photocatalytic
oxidation. The photocatalytic activity depends on the type of catalyst,
radiation source, reactor design, etc. Due to the growing demand for cheap
effective photocatalysts, the creation of new composites with photocatalytic
activity is becoming relevant. Research in recent years have shown that
effective photocatalysts are semiconductors-oxides of iron, titanium, zinc,
etc. [8-18]. The aim of this work is to develop a microwave (MW) method
for the synthesis of a photocatalyst based on the ZnO-SiO, system - zinc
orthosilicate. There are various methods for obtaining zinc silicate with a
developed specific surface area - the calcination of zinc oxide and silicon
dioxide, exchanging reactions between zinc salts and sodium silicate, sol-gel
methods [19-23]. One of the foremost objectives in modern chemistry and
materials science involves the development of novel synthesis techniques for
substances to reduce energy consumption and accelerate the formation of
final products. Among these promising methods is the microwave (MW)
treatment of reaction mixture. MW synthesis proves to be an effective
approach for obtaining inorganic materials due to its capacity for uniform
and rapid heating, precise control over process duration and maintenance of
high process purity conditions. Simultaneously, it enables achieving a high
degree of structural motif unit packing in a short time frame while retaining
grain sizes within the nanometer range.

We have developed a new microwave method for the synthesis of zinc
silicate from solutions [24-25]. It was shown in [16-17, 24-31] that the MW
method is one of the most effective ways to obtain nanomaterials. The MW
synthesis of zinc orthosilicate from aqueous solutions of sodium silicate and
water soluble zinc salts is highly promising, easy to implement, is more
effective compared to solid phase or sol-gel methods and, most importantly,
yields nanoscale catalyst particles.
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This paper presents the results of studies on the preparation of zinc
orthosilicate (Zn,SiO;) by the MW method and the study of its
photocatalytic activity by the neutralization reaction of methylene blue. The
choice of MB is due to two reasons - it is widely used in various fields, and
based on its structure, MB can simulate the decomposition reaction of
organic dyes.

Methods

The composition of the initial and final products was determined by
physicochemical analysis methods (gravimetric, spectroscopic, photopolari-
metric, flame photometric). X-ray phase analysis (XRD) of samples was
carried on the URD 63 diffractometer, CuKa radiation. Differential thermal
(DTA) and thermogravimetric (TG) analysis was carried on the
"Derivatograph™ Q 1500 device (Hungary). IR spectra of samples in the
region of 400-4000 cm™ were obtained using a FTIR spectrometer Cary 630
(USA). SEM analysis was carried out using a Philips XL 40 scanning
electron microscope (Germany). The diffuse reflection spectra of Zn,SiO,
and the adsorbed MB dye on it were determined on the Cary 60
spectrometer (USA). The optical density of MB solutions was measured
using a Cary 60 spectrometer. The UV lamp Navigator is used for
photocatalytic reactions (maximum radiation of 253.7 nm and a power rating
of 15 W).

The reactor was a silica glass with a volume of 300 ml and a diameter of
80 mm, the distance of the UV lamp from the surface of the test solution was
100 mm. The specific surface area and pore volume of the samples were
measured by nitrogen adsorption by the BET method (on the device
"AccuSorb 2300E" (Micromeritics, USA) and adsorption of benzene vapor
by the weight method.

Experiment

The synthesis of zinc orthosilicate (Zn,SiO,) was carried out in a
CE1073AR (Samsung) microwave oven, the microwave frequency was
2.45GHz, the output power was 600 W, in an open pyrex glass flask
equipped with a reverse refrigerator and a stirrer. A flask with a volume of
1000 ml was loaded 2/3 by the initial solutions - 300 ml of zinc sulfate
(1,0 mol /1) and 300 ml of sodium silicate (0.5 mol /1), reaction temperature
95-100°C, reaction time - 30 minutes. The obtaining zinc orthosilicate
precipitate was filtered and repeatedly washed with distilled water (70-80°C)
to remove Na+ and SO, ions and dried at 115-120°C. To obtain the
crystalline phase of zinc orthosilicate — willemite, the samples were heat-
treated in an electric furnace of the brand LHT 08/17 of the company
“Nabertherm" (Germany) at a temperature of 1000°C for 2 hours on the air.
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The photocatalytic activity of willemite was determined by the degradation
reaction of methylene blue under UV irradiation under various conditions.
The initial concentration of MB was 10 mg/l, the the volume of MB solution
was 100 ml, the amount of catalyst was 100 mg, the UV irradiation time was
5-60 min. The decomposition reaction was carried out with free access of
air. To obtain a homogeneous mass, the solution with the catalyst was mixed
with a magnetic stirrer for 30 min in the dark and the resulting suspension
was irradiated with a UV lamp. Samples (about 2 ml) were taken every 5-
10 min, centrifuged and analyzed. The MB concentration before and after
irradiation in the presence of a catalyst was determined by measuring the
optical density of the solution at 664 nm.

Results and discussion

The results of the analyses show that zinc orthosilicate of the
composition Zn,SiOy4, which is a white, fine powder, has been synthesized.
On the basis of XRD (fig.1), it was found that during heat treatment of
synthesized zinc silicate, a crystalline phase is formed — willemite (JCPDS
70-12350).

Intensity(a.u.)

10 20 30 40 50 60 70
26(degree)

Fig.1. XRD patterns of zinc orthosilicate, a —MW synthesis (100°C), b —heat-treated at
700°C, ¢ — heat treated at 1000°C.

Heat treatment of the sample leads to the improvement of the triclinic
crystal structure of willemite. This is also evidenced by the IR spectra
(fig.2). Displacement and narrowing of IR absorption bands (fig.2 a, b)
caused by deformation fluctuations of Zn-O-Si bonds with maxima at
922 cm™ and 535 cm™ at 890 cm™ and 574 cm™ respectively. Displacement
and narrowing of IR absorption bands 890 cm™ (fig.2 a, b) are caused by
v symmetric stretching SiO4?, 932 and 974 cm™ -v asymmetric stretching
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Si04?, 462 cm™ -v asymmetric deformation SiO42, 574 cm™ -v symmetric
stretching ZnO, and 605 cm™ -v asymmetric stretching ZnO,. The appea-
rance of the vibrations of SiO, and ZnO, groups clearly suggest the formation
of the Zn,SiO, phase [32, 33].

At the same time, the absorption bands of valence vibrations of OH
groups (3000-3500 cm™) and deformation vibrations of H,O at 1632 cm™
disappear.

T (%) T (%)

100 4 a 100

1632
90 - 462
96

80
92 60¢
70
88

60 4
535

84 922

T T T T T T T 50 T T T T T T T
4000 3000 2000 1000 500 4000 3000 2000 1000 500
Wavelength(cm™) Wavelength(cm ™)

Fig.2. IR spectra of Zn,SiO, synthesized (a) and heat-treated at 1000°C (b) zinc orthosilicate.

Comparison of DTA, TG data (fig. 3) from XRD showed what
processes take place when heating samples. Fig. 1(b) shows the presence of
crystal structure. On the TG curve there is a loss of mass with an
endothermic effect at 240°C (by DTA), at which crystalline water
disappears, at 670°C an exothermic process takes place (fig. 3), which,
according to XRD, is associated with the formation of a nucleated
crystalline phase (fig. 1b), which is also evidenced by the larger half-width
of X-ray reflections. The exothermic peak at 8660C. and XRD data (fig. 1c)
show that at this temperature the crystal formation of zinc orthosilicate
(willemite) is completed.

DTA(a.u.)
20

+15
10

2911(Humi

2904
2894

288
k-10
L-15
F-20
25
F-30
L35

284 T T T T T T T -40
0 200 400 600 800 1000 1200 1400
T(°C)

2874

286

285

Fig.3. DTA-TG analysis of zinc orthosilicate.
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This is evidenced by the narrowing of the X-ray reflection lines, as well
as the narrowing of the 922 cm-! IR absorption spectra and the appearance
of new bands (574, 605, 890, 932, 974 cm™ (fig. 2b).

The average diameter- D of crystalline particles is calculated from XRD
to the Scherrer equation: D = KA/Bcosd, where K is the dimensionless
particle shape factor, (Scherrer constant), for spherical particles it is assumed
to be 0.9; A is the wavelength of X—ray radiation (CuKa—~0.154 nm); B is
the width of the reflex at half-height (in radians and in units of 20); 0 is the
diffraction angle (Bragg angle).The results of the measurements of specific
surface area, pore volume and particle size are shown in tabl.1.

Table 1

The results of measurements and calculations the volume of pores, specific
surface area and the particles size of the synthesized Zn,SiO,.

Synthesis and heat treatment Specific Volume Particle sizes D,
conditions surface pores, nm
area, m?/g cm®/g
From XRD nm

MW synthesis at 100 °C 58,6 0,39 26

Heat treatment at 700 °C, 2hr in 19,3 0,26 53

the air

Heat treatment at 1000 °C 6,0 0,15 94
(Willemite), 2 hr in the air

The data in table 1 show that heat treatment leads to a decrease of
specific surface area, a decrease of the volume of pores and an increase of
the diameter of the crystals.

The nanoscale structure of the synthesized zinc orthosilicate is also
visible on SEM images shown in fig.4. It can be seen that heat treatment of
synthesized zinc orthosilicate leads to an increase in particle sizes.

ERT S .
I o Y ada
¥
15

Fig.4. Electron microscopic images of zinc orthosilicate. a -100 °C; b -. heat-treated at 700 °C,
c-. heat-treated at 1000 °C.
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Diffuse reflection measurements of willemite and willemite
impregnated methylene blue- were carried out in the region of 220-950 nm
before and after UV irradiation. The results are shown in fig.5.

1

14 [\\//—\‘

Absorbance

0.9 +
0.8 A1
0.7
0.6 4

054/a

0.4 T T T 1
200 400 600 800 1000
A (nm)

Fig.5. Diffuse reflection of samples: 1- willemite, 2 and 3-willemite with adsorbed MB before
(2) and after (3) UV irradiation.

It can be seen from the figure that samples with an adsorbed MB layer
actively absorb light with a wavelength of 600-700 nm. The band in the
region 220-350 nm corresponds to absorption involving charge transfer.
When a layer of MB is deposited on the surface of zinc orthosilicate (as
indicated by the presence of a band at 664 nm), the absorption in this region
(200-350 nm) decreases. The diffuse reflection of synthesized zinc
orthosilicate (willemite) in the visible region of the spectrum is more than
95%. The band gap of crystalline zinc orthosilicate (willemite) equal to 3.75
eV was determined from the data of diffuse reflection spectrum: it is

calculated from plot in Tauc coordinates (fig.6).
2 -

™~
>
= 16 A
42

1.2

0.8 1

04 A

0

3.25 35 3.75 4 4.25
hv, eV

Fig.6. The plot in Tauc coordinates for calculate the band gap of willemite.
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The spectrum of adsorbed MB on willemite showed that the maximum
absorption is at 664 nm. This absorption wavelength has MB both in
aqueous solution (fig.7) and adsorbed on willemite (fig. 5). In [34], the
absorption spectra of MB adsorbed on various clays with different acidity in
the visible region were studied. MB has the forms (MBH,+, MB+),,
(MB+)3, MB+. It is shown that the form that has an absorption maximum of
670 nm is the MB® and MB+ forms. Based on this, it can be assumed that the
MB on the willemite surface is either in the form of a neutral MB° or MB+.
Our measurements of the zero-charge point of the surface by the method
[35, 36] showed that the surface has a very weak acidity: pH = 5.3. On
such a surface, a strong interaction between MB and the acid centers of zinc
orthosilicate is impossible. Thus, MB on the surface of willemite is either in
the form of MB+ or MB°. Absorption at 664 nm (fig.5.3) UV irradiated zinc
silicate sample impregnated with MB shows that water, or rather OH-ions,
plays an important role in the catalytic oxidation of MB. About participation
of water in the photocatalytic process can be assumed from fig. 5.3, where it
can be seen that the irradiation of MB sorbed on the catalyst in the absence
of water does not lead to a change in the spectrum.

The activity of the obtained photocatalyst (crystalline form ortosilicate-
willemite) was studied by the decomposition reaction of methylene blue
under UV irradiation. The MB conversion is determined by the optical
method. Figure 7 shows the optical densities of methylene blue solutions at
different values of the wavelength of the spectrum before and after UV
irradiation for 5 to 30 min. It has been experimentally established that the
dependence of the optical density of the solution on the concentration (C) of
MB is linear. Based on this, the concentrations of solutions are determined
by the values of the optical densities of the MB solution at a wavelength of
664 nm, which corres1p‘?nds to the maximum absorption of MB solution.

£1.2 -
=
3 1
j=%
508 -
0.6 -
2, /3
0.4 - \
4
0.2 -
__—/%k
0 +— —— : 3
400 500 600 700 800

Wavelength (nm)

Fig.7. Optical density of methylene blue solutions at different values of the wavelength of the
spectrum before (1) and after UV irradiation: 2-5 min, 3- 10 min, 4- 20 min, 5- 60 min.
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The conversion curves of methylene blue under UV radiation under
various conditions are shown in fig.8 Without a catalyst, the degree of
decomposition of MB under UV irradiation is 36% in 45 min. In the presence
of a catalyst, the conversion of MB reaches 85-93% after 25-30 minutes of
irradiation.  The decomposition reaction of methylene blue on the
synthesized catalyst is almost completed in 30 minutes under UV irradiation.
Experimental data of photocatalytic decomposition of MB under UV
radiation show that the synthesized crystalline zinc orthosilicate-willemite
has photocatalytic activity. The conducted studies have shown the effective-
ness of the MW synthesis of the willemite zinc orthosilicate photocatalyst in
comparison with traditional methods [7, 18-23, 37-38].

100+
804

60{ 2

Co-C/Co (%)

401 /_——-—*"

204

0

0 10 20 30 40
t (min)

Fig.8. Conversion of MB vs time under UV irradiation 1-without catalyst, 2-in the presence of
Zn,Si0,4 (willemit) catalyst. The source of UV radiation is the Navigator lamp.

The photocatalytic decomposition of MB on the surface of the catalyst
can be explained by the following mechanism. The process of heterogeneous
photocatalytic decomposition of a substance in an aqueous medium can be
divided into the following stages: transfer of a substance from an aqueous
medium to the surface of the photocatalyst; adsorption of a substance;
photocatalytic decomposition of the adsorbed substance; desorption and
removal of decomposition products from the surface of the photocatalyst [1-
5]. The proposed scheme of the processes occurring during the photo-

catalytic oxidation of MB is shown in fig.9.
0,

Co,
O - N & H.,O
Y e SO T L. Y NH,
‘O F e NO.
a
H,0 SO, ©

Fig.9. The scheme of the processes of photocatalytic oxidation of MB.
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When UV radiation with an energy equal to or greater than the band gap
width (for Zn,SiO, AEg = 3.75) is applied to the willemite (photocatalyst),
an electron-hole pair (e- h +) is generated. The photogenerated positive
holes of the valence band (VB) react with adsorbed water on the surface of
Zn,Si0y, or with hydroxyl groups. This process leads to the formation of a
radical «OH, which has strong oxidizing properties. The electrons of the
conduction band react with electron acceptors - oxygen adsorbed on the
surface of dissolved in water. O, radicals are formed.

Zn25i04+ hv — h+VB +e

02 +e— 02-

OH(s)+h ™ — «OH

The highly active radicals O, and «OH formed in this way oxidize the
MB adsorbed on the surface of the photocatalyst to form intermediate
compounds, which decomposing form inorganic ions, as shown in fig. 9

* OH + MB— oxidized products —degradation

O, +MB— oxidized products —degradation

Conclusion

1. The zinc orthosilicate photocatalyst was synthesized first time by the
MW method from the aqueous solutions.

2. Synthesized and heat-treated zinc orthosilicate-willemite has a band
gap of about 3.75 eV. The UV lamp used for photocatalysis has a
maximum radiation energy approximately in this area.

3. The synthesized zinc orthosilicate —willemit exhibits high activity in
the photocatalytic degradation of methylene blue and can
successfully work as a photocatalyst under UV irradiation.

4. The conducted studies have shown the effectiveness of the MW
synthesis of the willemite zinc orthosilicate photocatalyst in com-
parison with traditional methods.
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Lenpto nanHol paboTHI sBIsieTCs] pa3paboTKa HOBOI'O METO/1a — MUKPOBOJIHOBOTO
CHHTE3a OPTOCWIIMKATa IIMHKa 1yisl (hoTokaranusaropa. Paspaboran ruapoTepMaibHO-
MHUKpPOBOJIHOBOW METOJ CHHTE3a OpPTOCHJIMKATa IMHKA JuIsl (OTOKaTajiuza M3 BOJO-
pacTBOPUMBIX COJIEH IIMHKA U CHJIMKATa HATPUS M MPOBEPEHA ero POTOKaTATUTHIECKAs
aKTUBHOCTh. (DU3MKO-XMMHYECKHE CBOMCTBAa CHHTE3UPOBAHHOTO Zn,SiO,; M3yveHbl W
OTIpEJIeTICHbl PA3IMYHBIMH METOAaMH  (H3MKO-XUMHYECKoro asHanm3a. CHHTE3upo-
BaHHBIH M TEpMOOOPaOOTaHHBIN OPTOCHINKAT-BIIJIEMUT IIMHKA UMEET IIMPHUHY 3arpe-
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LIEHHOH 30HBI 0k0/0 3,75 5B. MOTOKATAMIUTUYECKYI0 aKTUBHOCTbH IOJIyY€HHOTO BMII-
JIEeMUTa OIpEeAe/sIM 10 PEaKUUU Pa3JIoKEHHs METHICHOBOro cuHero mnox YO-
oOyyenneMm. KoHBepcHI0 METHIEHOBOTO CHHETO ONpPENEISUTH ONTHYECKUM METOJIOM.
[MonyueHHBI OpPTOCHIIMKAT IMHKA 00JagaeT BHICOKOH (OTOKATaNUTHYECKOH aKTHB-
HOCTBIO M MOJXKET yCIIeIIHO paboTaTh B KadecTBe (oTokaTaiauzaropa npu Y D-o0imy-
yenuu. [IpoBeneHHbIe MccnenoBanus Nokasanu 3G (HeKTHBHOCTh MUKPOBOJIHOBOI'O CHH-
Te3a OPTOCUWIMKATA UHKA 10 CPAaBHEHUIO C TPAAULIMOHHBIMU METOJAMHU.
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K MEXAHU3MY OBPA30BAHUS CIITUPTOB ITPU 'A30PA3HOM
TEPMUYECKOM OKHUCJIEHUU DTUJIEHA

M. A. 3BUHSH, A.T'. JABTAH*, C. 1. APCEHTBEB

WHcrutyT xummudeckoit pusuku uM. A.b. Han6annsana HAH PA
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M3yyeH mexaHM3M o006pa3oBaHWM 3TaHoONa npu B3auUMOZEWNCTBAM TMOPOKCUMITUIIBHOMO 1
3TOKCUINBHOTO pagukanoB C dopmanbaerngom. [mMbpuaHeiM MeTogoM Teopun  dbyHKUMOHana
nnoTtHoctn B3LYP/6-31+G(d,p) nccnegoBaHa MNOBEPXHOCTb MOTEHLMANbHOW 3HEPrUM CUCTEMBI
C,HsOH+HCO Ha koTopon, Ansi peakuum obpasoBaHWsA 3TaHona, NokanuaoBaHbl NepexofHble
COCTOSIHUSI U CTPYKTYpbl, COOTBETCTBYIOLLME MPea- U NOCT-peakUMoHHbIM Komnnekcam. PaccunTtaHsl
3HepreTUyeckne napameTpbl peakuuii obpasoBaHuM aTaHona u opMUNLHOrO pagukana.

Bubn. ccbinok 17, puc. 3, Tabn. 1.

Knrwuesvie cnoea: TIpOKCUITWIBHBIA PAaUKaN, YTOKCHILHBINA pajIu-
kai, sranoi, B3LYP, DFT

BBEJEHMHE

B ocHOBe MHOTMX TPUKIAIHBIX 3a7ad Ta30XMMUU W TOPEHHUS JIEKAT
pPEaKLMH OKHMCIUTEIBHOTO MPEeBpalIeHus yrieBoaopoaos [1-3], mostomy
MOJy4YeHHE HaJEKHON MHPOPMALMK O JETAJIbHOM MEXaHHU3ME 3THX Ipo-
IIECCOB SIBJIACTCS aKTyaJIbHOMU 3a/1aueil.

Kak M3BeCTHO, NMpU OKHCIEHUM MNPOCTEHIINX MapauHOBBIX M OJe-
(UHOBBIX YITIEBOJOPOJOB B HAaUOOJBIIMX KOHIEHTPAIMAX 00pa3yroTcs ai-
Kunnepokcuanele pamukansl RO, Peakunum 3THX paauKaioB HIParoT
ONPEAETSIONIYI0 POJIb B IIPOIECCaX OKMUCIEHHWS METaHa, TaHa, MPOIIaHa,
OyTaHa, 3TWiIeHa, mponuicHa [4-6]. B 4acTHOCTH, NPU OKUCIICHUH METaHa,
JUMUTHPYIOILIEH CTaguell mpomecca SBIAETCS B3aHMMOJCHCTBHE METHII-
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NEPOKCUIHBIX PaTUKAIOB MEXIy COO0OW, a MpHU OKHUCICHWH STHICHA —
peaKiys NEPOKCUIHBIX PAIUKAJIOB C 3TUIICHOM [4].

B pe3synbraTe B3aMMOACHUCTBHS aIKUINEPOKCHIHBIX PAJUKAIOB APYT C
JIPyTroM WK oJie)uHOM, 0O0pa3yIOTCsl aJKOKCWIbHBIE pamukansl RO, mamb-
HEHIIMMU peaKUuusiMU KOTOPBIX HPUHATO OOBICHITH O00pa30BaHHUE OCHOB-
HBIX TIPOJYKTOB IPOIECCOB OKHCICHUS YIIIeBOIOpoaoB. COTiIacHO 3THUM
NpeJCTaBICHUsAM, 00pa30BaHHe METAaHOJAa U STAHOJIA TOJDKHO MPOHCXOIUTh
B pe3ysibTaTe peakuii METOKCUJIbHBIX WJIM STOKCHIBHBIX paJHMKalOB,
SBIISIOMIMXCA TMPOAYKTAaMHU PEAaKIUH METHINEPOKCUAHBIX U STHIIEPOKCHI-
HBIX Pa/INKaJIOB

CH30+RH — CH30H+R 1)

CoHs0+RH — CoHsOH+R (2)
rne RH mpencrasisier co060it MOJIEKyTy C OTHOCHTENBHO CJIa00 CBSI3aHHBIM
aToMoM Bojoposa. B ponmn RH Moryt ObITh yrieBoAgopoAbl U allbJEeTH/IbI.
Hcxons U3 cka3aHHOTO, MOKHO IpeojaraTh, YTO IPU OKHCICHUN YTIIEBO-
JOPOAOB, KHHETUYECKNE KPUBbIE HAKOIUICHUS CIIUPTOB JOJDKHBI OBITH CXO-
xuMu. OJHAKO B Ipoleccax razo(azHoOro TEPMHUUECKOTO OKHMCIEHUS 3TH-
JIeHa W TpornaHa HabiromaeTcs WHas kapTuHa. Ha puc. 1 mpuBeneHsl Ku-
HETHYECKHE KPUBBIE HAKOIUICHHMS METaHOJa W ATaHOJA NpPU OKUCICHHU
3TUJIeHA, MOJIy4YeHHbIE B [7].

P, Topp
3, CH;0H

25

o I - I -
0 200 400 600 800 1000 1200 1400 ¢, ¢

Puc. 1 KnHetnueckune KpmBble HakonneHusi MeTaHona 1 aTaHomna npu OKUCNEeHUn aTuneHa.
To=364°C, Po=250 Topp, CoH4:0-=1:1.

U3 puc. 1 MOXXHO BUAETh, KUHETUYECKHE KPUBbIE HAKOIUICHHS METa-
HOJIa W ITaHOJA CHJIBHO pa3HECeHbl BO BpeMeHH. [Ipuuém, oOpazoBaHume
3TaHOJa CYLIECTBEHHO YCKOPSETCS TOJBKO IOCJE TOro, Kak KHCJIOPOJ B
CUCTEME IMPAaKTHUUECKU u3pacxoaoBaH. Habmonaemass kapTHHa MOKET ObITh
00BsICHEHA pa3IMuueM peaklni, MPUBOIAIINX K 00pa30BaHUIO METaHOA U
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3TaHosia. BO3MOXHBIM KaHAJIOM 00pa30BaHMs 3TaHOJA, KPOME PEakiuu 2,
MOXET CITY>KUTh TIpejiokeHHast B [8] peakius (3) oTpbiBa aToMa BOJAOpOaa
rHAPOKCUATIIIbHBIM paukaioM (C,H4OH) ot anpaerunna (RCHO)

C,H4,OH+RCHO—C,HsOH+RCO (3)

[lenpto paboOTHI ABNAETCS MONydeHHE MHPOPMALUH O TEPMOXHUMHUYEC-
KHX mnapamerpax peakuuit (2) u (3) ¢ NOMOIIBIO KBAHTOBO-XUMHYECKOTO
HCCNe0BaHusl MOBEepXHOCTU ToTeHnuanbHoi sHeprun (I1113) cuctemsr
C,H50H+HCO.

BbBIYUCJ/IMTEJIBHBIE METO/1bI

Jlns u3ydeHHsT TOBEPXHOCTH IMOTCHUIUAIBHON SHEPrUH HPUMEHSIICS
rubpunabiii Metoq B3LYP [9, 10] teopum ¢yHKIMOHANA IUIOTHOCTH C
Habopom Oasucubix Qyakumi 6-31G (d,p) [11]. sst yTouHeHHST TEPMOXH-
MHUYECKHX ITapaMeTPOB HAWICHHBIC SKCTPEMYMBI OBLIH IIEPECUYUTAHBI TAKKE
meromoM B3LYP ¢ 6asucHbiM Habopom 6-31+G (d,p) BKIFOUAIONIIMM TaKXKe
muddysusle pynxmuu [12]. JInga pacuéToB ucnoiab3oBagachk NpOrpaMMHBIHN
nakeT Gaussian 16 [13], a mas Bu3yaqu3alii MOJEKYISIPHBIX CTPYKTYp -
Gauss View 6.1 [14]. Pacuérer npoBoammuch aast T = 298.15 Ku P =1
amm. Jlns moucka mepexomubix cocrostauit (Transition State — TS) wc-
nosib3oBanuch MeTonasl bepunm m STQN-QST2 [15, 16], 3amoxeHHbIC B
nporpammHsIi maket Gaussian 16.

B xadectBe moHopa atoMoB Bonopoaa B peakmusx (2) u (3) ObuT B3ST
(bopManpaeru]], KOTOPbIi HAKAITMBACTCS PH OKUCICHUH YTIIEBOJIOPOIOB B
3aMETHBIX KOJIMYECTBAX.

PE3YJIBTATHBI U UX OBCYKIEHUE

Meronom B3LYP/6-31G(d,p) onTUMU3HUpOBaHBI TEOMETPHUYCCKUE TTapa-
METpBl TPOAYKTOB M peareHToB peakmmii (2) m (3) — C,H,OH, CyHs0O,
CH;0, C;HsOH u HCO. bbutn nokanu3oBaHbl CTPYKTYpPbI, COOTBETCT-
BYIOIIIUE TEPEXOTHBIM COCTOSHHSIM, a TAaKKe TPEeA- U MOCT-PEaKIIMOHHBIC
KOMIIIEKCHI UCCIIElyeMBIX peaKIuii (cM. puc. 2).

C 1enbio yTOUYHEHHS TEPMOXMMUYECKHX MapaMeTpOB BCEX ONTUMU3U-
POBaHHBIX MOJICKYJISIPHBIX CTPYKTYpP MPOBEICHBI JIOMOJTHUTEIILHBIC BBIUKC-
nenusi B 6azucaoM Habope 6-31+G (d,p) yuursiBatomm aupdysHsie GyHK-
1uii. OTHOCUTENBHBIE DHTANIBITUK, CBOOOIHBIC YHEpruu [ ' mdbOca U MHUMBIE
YaCTOThI, KOTOPBIE SBJSIFOTCS XapaKTEPUCTHKON MEPEXOJHOTO COCTOSHHS,
BCEX JIOKAIM30BaHHBIX 3kcTpeMymoB Ha [II1D cucremsr C,HsOH+HCO
Npe/ICTaBJICHbI B Ta0IHIIE.
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[C2H:0H-CH:0] T51 [C:H;0H-CHO]
Fy
e @ R
a? N
e | o
J‘ @y f 9 02
") Y
[C2H:0 - CH:0] Ts2 [C2H-0H - CHO]J
> 4
, ,3 ’,’/ 3
p . -
M& J~$ 9 P
99
9 Jd

Puc. 2. MNpocTpaHCcTBEHHbIE CTPYKTYPbI NPea-peakLMOHHLIX KOMMMEKCOB, NepPexoaHbIX
COCTOSIHUI N MOCT-peaKLMOHHbIX KOMMMEKCOB peakunii 1 n 2 nonyvyeHHble metogom B3LYP\6-
31G (d,p). TS1 1 TS2 — nepexofHble COCTOSHUS peakumii 2 n 3.

Tab6umua. OTHOCHTE/IbHBIC YJHTAIBIINH, CBO0OAHBIe JHepruu I'nd6ca u
MHHMMbI€ YaCTOThI EPEX0IHbIX COCTOSHUM, PACCYUTAHHbIE METOAAMH

B3LYP/6-31G(d,p) u B3LYP/6-31+G(d,p).

AHl, KKA/MOJIb AGZ, KKA/MOIb vls,cM'1
Cucrema 6- 6- 6- 6- 6- 6-

31G(d,p) | 31+G(d,p) | 31G(d,p) | 31+G(d,p) | 31G(d,p) | 31+G(d,p)
C,HsOH+HCO 0.00 0.00 0.00 0.00
C,H,0H+CH,0 13.53 12.48 12.99 11.89
C,Hs0+CH,0 10.10 11.36 8.21 10.80
[C,H,OH-CH,0] 11.93 12.10 19.62 18.90
[C,HsOH-CHO] -2.05 -1.69 5.11 3.66
[C,H50-CH,0] 7.22 9.89 15.12 17.94
[C,HsOH-CHO] -1.96 -1.74 4.45 3.64

TS1 17.75 17.99 27.28 27.15 -1425.88 -1485.9

TS2 7.70 10.28 17.71 19.78 -876.96 -729.77

1 N
OtHocutenbubie kK C,HsOH+HCO BenmnuuHbI SHTANBIN;

2OrHoCuUTeIbHbIE K C,HsOH+HCO Bemmuuns! suepruii ['n66ca;

31\/[HI/IMI:IC YacCTOThI, YKa3bIBAIOIINE HAa HAJIMYHNE MEPEXOJHOIO COCTOSAHUA.

325



AHanu3 nMaHHBIX TaOMUIBI TMOKA3bIBAET, YTO, NMPU OTCYTCTBUU TU(-
¢dy3ubIx Qynkiuid, metog B3LYP, B ocHOBHOM, HEIOOIICHUBAET BEIUUMHY
SHTAJIBITUU SKCTPEMYMOB.

Ha ocHOBe mMONy4eHHBIX 3HAYEHWN MOJHOW 3HEPTHUH, PACCUATAHHBIX
metonaom B3LYP/6-31+G(d,p), mocrpoeHa auarpamma (puc. 3) Ha KOTOPO
MpeCTAaBICHBI YHEPTeTUYECKUE MYyTH Peakuii 2 u 3.

A AE [kkan/mons]

20
| TS1

18.6

CR1
C2H4OH+CH20 E] TS2 C2H50+CH20

CR2
o 12.5 10.0 ™o 114

C,H;OH+HCO

0 CPL_~oom=_CP2

-1.1 -1.2

Puc. 3. Jnarpamma nonHom aHeprum ansg CUCTEMbI, ONMCbIBatoLLas B3aMMOOENCTBUS
rMOPOKCUITUNBHONO U 3TOKCUITBHOTO pagnkanoB ¢ hopManbaerngom, paccuntaHHas
meTogom B3LYP/6-31+G(d,p) ans T=298,15 K, P=1 atm. CR1 — [C2H,OH - CH,0], CP1 —
[C2HsOH - CHOJ], CR2 - [C;H50 - CH,0O] u CP2 — [C2HsOH - CHO] — npea- n nocT-
peakuMOHHbIE KOMMNIEKChI, COOTBETCTBYIOLLME peareHTaM 1 NpoaykTam peakumn 2 u 3.
OHeprun nokasaHbl OTHOCUTENBHO 3Heprun cnuctemosl C,HsOH+HCO.

Kak BugHO M3 puc. 3, peakiusi MEXMOJIEKYJISIPHOTO MEPEeHoca aToma
BOJIOpOJia OT (hopMaspAeruja K I'MIPOKCHUITWIBHOMY DPaJuKaly 3K30Tep-
MU4HA Ha 12.5 kxan/mons, a peakuys nepeHoca BOA0POAa K ITOKCUILHOMY
paaukainy 3k30orepmMuuHa Ha 11.4 kkan/monb, 4TO yKa3blBa€T HAa BO3MOXK-
HOCTh TIpOTeKaHus o0enx peaknuit. CiieyeT OTMETHTD, YTO ISl PEAKIHHA C
nepexoaom aromoB H merox B3LYP wHorma mpuBogut k apredakTHOMY
OTpUIIATEILHOMY 3HAaYEHHIO JUIsl BeIHUuH OapbepoB peakiuii [17]. UMenHo
C 3TUM CBsi3aH TOT (akt, yro npeapeakiuonnoe (CR2) u nepexoanoe (TS2)
cocrosinus peakiuu C,HsO+CH,0 — C;HsOH+HCO na nuarpamme (puc.
3) pacnoyioKeHbl HUKE UCXOJHBIX PEareHTOB.
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BbIBO/1bI

Takum 00pa3oM, KBAaHTOBO-XUMHUYECKOE HccienoBanue ceuenuit [1115
cucrembl C,HsOH+HCO, cootBerctBytonux peaknusm C,H,OH+CH,O0—
C,Hs0OH+HCO u C,Hs0+CH,0—C,;HsOH+HCO u mocTpoeHue cooTBeTCT-
BYIOILIEW JUarpaMMbl SHEPTUi TO3BOJISIET 3aKJIFOUUTh CIEAYIOLIEE:

MeXMOJeKYIISIpHBIN TTEpeHOC aroMa BOJOpoJa OT (GopMaibiaeruaa K
THIPOKCUATIIIBHOMY U 3TOKCHJIBHOMY PajJifKaliaM MPOHUCXOIHT yepe3 odpa-
30BaHMe npomexyrounsix cocrosuuii [C,H4,OH-CH,0] u [C,Hs0-CH,0].
[Tokazana Tak)ke BO3MOXHOCTh OOpa30BaHMS IOCTPEAKIIMOHHBIX KOMII-
nekcoB [C,HsOH-CHO] u [C,Hs0H-CHO], pacnag KOTOphIX MOXET HpH-
BECTH K 00pa30BaHMIO 3TaHOJa U (POPMUIBLHOTO paJuKaa.

4U0.2U0.50.2 LAPLEGR 26rUTU8P L OLURTHULBU LY LULAUSLNRT
UMb rSLEMk UMULAULSUL Y UbhU.LPAUT ULUPL

U. U.. k4bpL8U7, U. & H4,R8U.T, U. . U.MUBLSEY,

Neuncdimuppyby & Spgpopupbfify b §fdopuf mugplpuybbph $rpdujqhSpph
iILUUﬁITHLFJLUiI CLLIJI.UP qll[Il.Lll‘Ll{bl 4_ [lllﬂnL/JJLLIiI l%”LilqgllﬂiILUl[l mbllnL/JJllliI 4[1Fl1[1—
wnnugduts nbulyghuf wignedwgpi f fulbbpp, Sufus- b Shunbulghni fod-
thputibipp: Quyuwplply by §fpwbhmp b popdpy nogplugh wnwuwgdul nbo-
glwhbiph §ubpgbnply wpupudbnpbpp: Snvyg & npdly, np Spgpopupbfify b §fdopupy
nuwgpljpmyibpp GrpdupqhbSfnp Shn dinfumgypbynffyub dudwbuly L[Fubngf wnm-
Quugdints bl puiibph byt f$blpmbbpp dninudnpumgh Suifuump B

ON THE MECHANISM OF FORMATION OF ALCOHOLS DURING GAS-
PHASE THERMAL OXIDATION OF ETHYLENE

M. A. EVINYAN, A. H. DAVTYAN, S. D. ARSENTEV

The mechanism of ethanol formation during the interaction of hydroxyethyl and
ethoxy radicals with formaldehyde has been studied. The hybrid density functional
theory method B3LYP/6-31+G(d,p) was used to study the potential energy surface of
the C,HsOH+HCO system on which, for the reaction of ethanol formation, transition
states and structures corresponding to pre- and post-reaction complexes are localized.
The energy parameters of the reactions for the formation of ethanol and formyl radical
were calculated. It has been shown that the thermal effects of the reactions of ethanol
formation during the interaction of hydroxyethyl and ethoxyl radicals with for-
maldehyde are approximately equal.
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lMpoBeaeHbl 3KCMEPUMEHTbLI MO AMHAMUYECKOW COpPOLMM HEKOTOPbIX LEMNOYHbIX MeTannoB
(kanusa, uesnsa, pybuagusi) c ucnonb3oBaHWeMm copbeHTa Ha oOcHoBe OeHTOHWTa-gMaTomuTa.
paHynupoBaHne copbeHTa NpoBoAvnM Npu nomMoLum pocdOopHON KUCNOTbI C LENblo MOBbILLEHUS]
COMPOTMBIEHNSA NOTOKY XuakocTh. CopOLMOHHAs EMKOCTb, OMnpeaenéHHasi C MCMonb3oBaHWeM
mogenen JleHrmiopa n ®penHanuxa, coctasnset 1.2 me/e, 0.14 mka/z n 2.0 Mke/2 Ansa kanusi, uesus
n pyomnaus cootseTcTBeHHO. CkopocTb notoka 3.0 Mn/MVH SBRAETCS ONTUMAanbHOW ANs KOHTPONs

3HayeHus pH BHYTpU xpoMaTorpadnyeckon KONOHKN.

Knrouesvie cnoga: copOEHTbl Ha OCHOBE TIJIMH, COPOLMS IIEIOYHBIX
MeTayyioBS, Mozaenu ancopoumu Jlenrmiopa n @peitHanmxa, AncopOuoH-
Hast EMKOCTb.

1. BBenenue

O} PeKTUBHOCTh OYMCTKH CTOYHBIX BOJ XpoMaTorpauyecKuMH MeETO-
noM Moxer gocturate 80-95% B 3aBUCHMMOCTH OT XMMHUYECKOW HPHUPOJIBI
copOeHTa, CTPYKTYpbl U BEJIMYMHBI YAEIbHOW MOBEPXHOCTH. B mocnennue
roJbl yaensercs 00JbllIoe BHUMaHUE MPUMEHEHHUIO MPUPOAHBIM COPOEHTOB
U COpOCHTOB HAa OCHOBE MPHUPOIHBIX MATEPUANOB I OYUCTKH M 00€3-
3apaxuBaHus BoJ. Hambornee MHTEpECHBIMU U MPHUBIEKATEIbHBIMU B 3TOM
OTHOILIEHUU SIBJIIOTCS BOJIOKHUCTBIE HAIOJIHEHHbIE COpOEHTHI, (peppolua-
HUBl TIEPEXOTHBIX METANIOB M COeAMHEHUs THTaHa. OHHM YCTENHO TMpH-
MEHSIIOTCSI TaKKe Ui paszaernenust paauonyknunos [1-5]. CopOironHbie
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MPOIIECCHl TPEJCTABISAIOT W3 Cce0s JOCTYNMHYIO albTepHATUBY IPYTUM
METOoJIaM, a BCJIEICTBUE BO3MO>KHOCTH MHOTOKPAaTHOW pereHepaluu MmyTeMm
00pabOTKM CHJIBHBIMH KHCIOTAMHH, a TAaK)K€ HCIIOJIB30BAaHHS TAaKUX IPH-
POIHBIX COPOEHTOB, KaK amaTUTHI, TJIMHBI, JPYTHe CHIMKATHBIE CHUCTEMBI,
oOnajarole BBICOKOW IMOPUCTOCTBIO W COAEpIKAllMe Ha TMOBEPXHOCTU
(GYHKIHMOHAIBHBIC TPYIIIbI, CHOCOOHBIC XUMHUYCCKH/(U3UUECKU YAAISTh
pas3IMYHbIC 3arPS3HUTEIIN U3 PacTBOPOB [5, 7].

Jia noBeiieHUS 3QPEKTUBHOCTU pa3AeNeHUs] HEOOXOAUMO CO3/IaHUE
HOBBIX THUIIOB COPOEHTOB C MaKCHMAaJIbHOW CEJIEKTUBHOCTHIO IO OTHOIIE-
HUEIO K LIEJIEBBIM JJIEMEHTaM.

[TpuponHbie COPOEHTHI MIUPOKO TCHOIB3YIOTCS BCICACTBUE MX HU3KOM
CTOMMOCTH. JTO KAOJMHUT, MOHTMOPHWUIOHHT, JIUTHUH, JAMATOMUTOBAs
3eMJIs, IeoNuT, Topd u ap. [IpupoaHbie cCOpOCHTHI B JECSATKH pa3 JeIIeBiIe
HCKYCCTBEHHBIX. [ JIMHUCTBIE MaTepuanbl — HEOpPraHUYeCKHe COpOCHTHI,
KOTOpBbIe HanOoJiee YacTO MPUMEHSIOTCS JJIsl OYUCTKH BOJ. 3HAYUTEIHHOE
YHCIO MPUPOAHBIX MaTepasioB (LEOJHTHI, TJIMHBI, KIWHONTHIIOIUT, MOp-
JeHHUT, TyGsl U T.A.) 00IaJar0T BhIICYKa3aHHBIMU XapaKTEPHBIMU TPEU-
MYILIECTBAMH, YTO HECBOMCTBEHHO HEOPraHWYECKUM MaTepHaiaM M HOHO-
oOMeHHBIM cMoiaM. [lo3ToMy HMEHHO OHM Hambojee u3ydeHbl [8-11].
N30uparenbHOCTh SBISETCS HAMOONBIIMM BBI3OBOM JJISI  TPUPOTHBIX
MuHepaoB. [TpeiokeHo HECKOIBKO CIIOCOO0B YBEITHUCHHS CEIEKTUBHOCTH
Takoro poxa cucreM mno otHomeHuto k CS m Sr. Cpenu Hux Hambomee
pactpocTpaHEHHbIE — KUCIOTHAS WM IIeJI04YHast 00paboTKa, TepMaibHast U
THIpOTEepMalibHas 00padoTKa U MeXaHu4eckas aktuBarws [12, 13].

Cremyer OTMETUTB, YTO CYILIECTBYET €IIE OJIMH BBI30B B Ipoliecce copo-
MM HEOPraHMYEeCKUX KAaTHUOHOB, TaKWX, Kak K*, Ca®* u CI', BbI3BaHHBII
BBICOKOH CKJIOHHOCTBIO K THApaTanuyd B BoAHou cpene [14, 15]. B mpo-
TUBOIIOJIO)KHOCTh K 3TUM MOHAM MEHEEe CKIIOHHBIC K THpATallii KaTHOHBHI,
Takue, kak CS* xapakTepu3yloTcs TeHAeHIMeH K (uKcamuedl Mo3uuuii Ha
TBEP/IBIX MOBEPXHOCTAX Yallle v OObIIe, YeM TUApaTupyemMble HOHBI [15].

Lenbto HacTosmIeH CTAaThbHU SIBISETCS W3y4YeHHE COPOIMH HEKOTOPBIX
IIEJIOYHBIX METAIOB cOpOEHTaMH Ha OCHOBE OCHTOHWTA-JAMATOMHTA B JIH-
HaMHUYECKOM PEKUME.

2. MaTtepuaJjbl 1 METO/bI

2.2. IlpuroToBJ/ieHHE ¥ OLIECHKACOPOEHTOB

2.2.1. CopOeHT HA OCHOBE JMATOMUTA-0EHTOHUTA

CopOenTt moxa kogom DB-12-HP Ha ocHoBe OeHTOHMTa-muaTomuTta. Oc-
HOBHOM Matepuan — OeHTOHUT mpowusBoiacTBa «The ljevan Bentonite Com-
pany», auatoMuT — npoaykT «The Masis Diatomite Company», o6e gpupmbl
3apeructpupoBanbl B Apmenun. Konx “DB” otHocuTcs k cricteme OEHTOHUT-
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nuaToMuT. beuta npurotoBieHa 6eHToHuTOBas cycrniensus 200 /1 00bEMoM
1 1, mocme yero e€ cmemmBaiu co 100 mz pactBopa optodochopHoit
kucnoThl ¢ KoHreHTpamuer 10% (mo o0béMy). OOBEMHOE COOTHOIIICHUE
o6enroHuToBOM cycniensuu u HzPO, 6510 10:1.

Cmech octaBisiin 0e3 mepeMelinBaHusl Ha OJHY HOYb, MOCIE Yero K
yrnoMsiHyTol cMecu nobassiiu 0.5 2 cycnensuu auaromuta (200 2/7).

Kox «12P» cootBercTBYyeT cooTHOIIEeHNO benTonuT : Iuaromut = 2:1.
Hanee cucremy (UIBTPOBAIN M MOJYYECHHBIH KMBIX CYLIIWIA MPU KOMHAT-
HOH Temrepatype 3ateM HarpeBanu npu Temmeparype 105 °C. Cucremy (u3-
MeJbYal) JUIS TOJTyYeHHUs OAHOPOIHON MOPOUIKOOOPa3HON KOHCUCTEHIIUH.
«HP» o3nauaeT nocnenyomyr 06padboTky opTodocthopHOI KUCIOTOH.

Jis TpaHyJIMpOBaHWs TOPOIIKA IMOJIydeHHoro copbOenta DB-12P-HP
WCTIONB30BAIM PACTBOP OpTO(oCcHOpHOIl KHUCIOTHI ¢ KOHIEHTparuein 5%
00BEMHBIX. ['paHynupoBaHHE BBINOJHAIN MyTEM 100aBIECHUS pacTBOpa
optodochopHoit KUCIOTHI (mpuMepHO 50 M) B KOHTECHHEp, COAepIKalTuil
nopoikoodpasnyw cucremy DB-12P-HP B kommyectBe He Gomee 50 e.
I'panynsl monmyyanu myTéM BCTPSIXMBAaHUS CMECH TNpPH TOMOIIM Bpalia-
TEJBHBIX JBIDKEHHN 10 arrperupoBaHus CHCTEMBI. BiaykHble rpaHyIbl Ipo-
cenBaiu uepe3 cuto ot 3 1o 4 mm. [lomydeHHble COPOCHTHI BHICYIIMBAIH
IIpY KOMHATHOHM TeMmIleparype ¢ HOCieayrouled TepMuueckoi o0paboTKoi
npu temmneparype 500 °C B TeueHue 4 4acoB /il TOBBIIMIEHUS TTOPUCTOCTH
MaTepHuala U yCTOWYMBOCTH B TIOTOKE KHIKOCTH.

2.2.2. CopOuHOHHBIE CBOICTBA

VYaensHyto moBepxHOcTh copOenta DB-12P-HP wusmepsiiu meTomom
BOT na nopozumerpe Gemini VI® (Micromeritics USA). [l1st omydeHHOro
B paboTe 06pasia ona cocrasmma 209 m?/g.

2.3. lunamMuyeckas copouus

I'panyner DB-12-HP nomemnianu B KOJOHKY auameTrpoM 1.5 cwm 00bé-
MoM 50 . Macca copbeHTa B KOJIOHKE 24 2 HAChINHAs MJIOTHOCTH COp-
6enta DB-12-HP 0.54 2/un. AxtuBanusi copOeHTa B IIEPBOM SKCIIEPUMEHTE
no copOuuu OblIa MPOBEIEHAa PACTBOPOM COJISTHOM KUCIOTHI 00BEMOM 1 1
(7.5% o6bémubIx). Kosonka 3aTeM OblTa POMBITA JIEHOHH3UPOBAHHON BO-
JIOW JUIsl yaJIeHusl OCTaTKOB KUCIOThL. B mocnencTBum nzyvyaemolit oOpaszen
MPOIyCKaJId Yepe3 KOJIOHKY CO CKOPOCThIO 3 ma/mun (camMoTEKoM). B Teue-
HHUE BCEro dKcIepuMmenTta temneparypa Obuia 20 °C. Beixoasimii U3 KoaoH-
KM PacTBOp COOMPAIOT M ONPEEIIAIOT KOHUEHTPALMIO KATHOHOB METaJLIa.

[Tocne HachllieHUs: KOJOHKH MPOBOJUTCS pereHepanys Mpu MOMOLIU
pacTBOpa COJITHOM KHCIIOTHI ¢ KOHLEHTpauen 7.5% o0bvémubix. [Ipu sTOM
0oTOMpPaOT 00pa3lbl pacTBOPOB MAJIsi ONPENECNIECHUST KOJUYECTBAa KHUCIIOTBHI,
HeoOxoauMon s “ouncTku” copOeHTa. Ilo OKOH4YaHMU pereHepanuu Ko-
JIOHKY NPOMBIBAIOT JI€HMOHU3UPOBAHHOW BOJOW, NOBOIAT 3HadeHWs pH 1o
4.0.
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2.4. AHasMTHYeCKHe MeTOAUKHU

bruin ucnoab30BaHbpl aHATUTUYECKUE MCTOAWKH NPHUMCHACMBIC B CTaH-
JApPTHBIX METOJaX KOHTPOJS W OYHCTKM MPHUPOJHBIX U CTOYHBIX [16].
3HaveHus pH MPOMBIBHBIX BOJ M3MEPSUIMCH MPU MoMouin npudopa Thermo
Orion pH-meter Model Dual Star (USA).

CopneprxaHne HCCIIEAYeMbIX JJIEMEHTOB OIPEASISIIM METOJIOM WHIYK-
TUBHO-CBs13aHHO# 11a3mbl (ICP), macc-cniektpometpuu (MS).

3. Pe3yabTaTthl 1 00Cy:KIeHUe

3.1. Ounenka TaHHBIX
PaBHOBecHOE KOJIMYECTBO aJCOPOMPOBAHHOTO JIEMEHTA PACCUUTHIBAIOT

110 ypaBHEHHUIO |
_ (co—)v
- m

1)

['me q 3TO KOJIMYECTBO MOHA MeTaula aJCcOpOMPOBAHHOTO B YCIOBHUSX
HACBIIICHUS SIMHUYHOM Maccoil copOeHTta (me/e); Co — HCXOOHAs KOH-
LEHTpALKsl ONPEesIeMOro aHauuTa B pacTBope (me/1); C — OCTaTOYHas
KOHIIGHTpAIsl aHalduTa (Me/1) B pacTBOpe IMOCIEe KOHTAKTa ¢ COpPOCHTOM
(me/n); V — obwem ucciemyeMoro odpasiia pactsopa (1), M — Macca Cyxoro
copbenra (2).

Jns momydeHus: SKCIEPUMEHTAIBHBIX HM30TEPM aJcOopOLuu ObUIH HC-
MoJIb30BaHbl 00e Monenu Jlenrmiopa n @peitaanuxa [15].

B T0 xe Bpemst monens @pelinanuxa Oblia BeIOpaHa Ui ONpEaeIICHHS

CpOACTBAa HOHOB MICTIOYHBIX METAJITIOB K COp6€HTaM COIIaCHO YPaBHCHHUIO 2
c 1 c

fe o4l @

q QoKL qo

q

I'ne K. — KoOHCTaHTa, NOJNydYeHHas: W3 3HAYCHUH SHEPrUM COpO-
uu/necopOuun (1/me), a (o — MakCUMalibHasi COpOIMST B PaBHOBECHBIX
YCIIOBHSIX WJIM TPH HACBIIICHUU TMOBEpXHOCTH copOenTa (me/e) [17]. Kpu-
Basi 3aBUCHMOCTH C/( OT C IO3BOJISIET OMPEACTUThH TH KOHCTAHTHI

log(q) = log(Ky) + ~log(c) ©)

rie Kg — koHcranta @pelHpymxa u SIBISETCS MeEpOl COpOIMOHHON
€MKOCTH; N — KOHCTaHTa KOTOpPAas OMHUCHIBAET CPOJCTBO KATHOHOB IIie-
JIOYHOT'O METajuia Mo OTHOIICHHUIO K TIOBEPXHOCTH JaHHOTO copOeHTa. Kg 1
N paccYMTHIBAIOTCS M3 JHHEHHBIX 3aBucuMocteii 10g(q) ot log(c) [17].

Ha mnpuBeneHHbIX HIDKE puc. 1-3 mpeacTaBieHBl KpHBBIE, XapaKTe-
pu3ytomye COpOIMOHHYI0 €MKOCTh TOJy4eHHOTO copOeHTa. M3 prcyHKOB
cieayeT, uto kpuble JlenrMioopa u dpeliHrxa XOpoIo XapakTepU3yoT
AKCIIEPUMEHTAIBHBIE W30TEPMBI COPOIIMHU, YTO JETaeT BO3MOXHBIM HC-
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MOJIb30BAHNE JAHHBIX MOJENEH JJIsl OLIEHKH COPOLMOHHON €MKOCTH COp-
OeHTa MO YyKa3aHHbBIM MeTauiaM. Mogenb Jlenrmiopa Oojiee aaeKBaTHO
XapaKTepu3yeT SKCIIEPUMEHTAJIbHbIE JaHHBIE, IO3TOMY HUMEHHO OHa Oblia
WCTIOJIb30BaHa HaMU IS OLIEHKU COPOIIMOHHOI eMKOCTH copOeHTa.

2 K
1.5 -
.—:/7/,4 0
. @
! s
Q .
En - ¢ Experimental
8y 5 ? i Langmuir
: Freundlich
0 n* v
0 3 6 9 12
C,mg/L

Puc. 1. CopbLmoHHas eMKOCTb copBeHTa Ha OcHoBe auatommTa u 6eHToHuTa no K,
paccynTaHHasa cornacHo mogenen JleHrmiopa n ®penHanunxa.

0.2 Cs

0.15 v P
oy 0.1 ' ‘/,./'» :
o B " et Langmuir

0> /’J; —m— Freundlich

"’/'/:/ Experimental
0 0.1 0.2 0.3 0.4
C, meg/L

Puc. 2. CopbLMOHHAs eMKOCTb CopbeHTa Ha ocHoBe anatommTa u 6eHToHnTa no Cs*,
paccunTaHHasi cornacHo mogensim JleHrmiopa n GpenHanmxa.
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Puc. 3. CopbuymoHHas eMKocTb copbeHTa Ha OcHoBe anaToMuTa 1 6eHToHnTa no Rb*,
paccynTaHHas cornacHo mogensam JleHrmiopa n ®penHanunxa.

BBIBO/JbI

C ucnons3zoBanuem mojenei Jlenrmiopa n @pelHanuxa MOCTPOEHBI
M30TEPMBl Ha OCHOBE IIOJIyYEHHBIX OKCIIEPUMEHTAIbHBIX JAaHHBIX. W3
n3otepMbl JIeHrMropa oneHeHa copOLMOHHasi EMKOCTh COpOEHTa Ha OCHOBE
nuatomuta u 6enronuta no K, Cs* u Rb* (coorsercrsenno 1.2 me/z, 0.14
mre/e 1 2 mxe/2). Ilonxon Jlenrmiopa ncnonb30BaH HAMU JJIs1 yCTAaHOBJICHUS
MaKCUMaJbHOW COPOIIMOHHOW €MKOCTH COpOEHTa MPH COOTBETCTBYIOIIEH
YAEIBbHOU OBEPXHOCTH.

~RBLSNULPSP-HPU.SNURSE LPURNY, UNPABLSP UWN1.URS
ULYULPUYL D UBESULLEMP UNPAUU L LU.SUNREBNhLLEME

U.U. U.8M.asS8u.%, U.U. £0.8ru.a6S80.%, U..U. U.MHU.-ABLBU.G,
L. UL.reursue, £.%. wl.2usrsiu

fby § pruprpuwlputs [dnd: Lhugdynepy b Spbyhgppup dngbpibph
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ALKALINE METALS’ SORPTION PROPERTIES OF A
BENTONITE-BASED SORBENT
M.S. HAYRAPETYAN, S.S. HAYRAPETYAN, A.S. ARAKELYAN,

L.A. MARGARYAN, H.G. KhACHATRYAN

Yerevan State Universiti RA
0025, Yerevan, 1Manukyan str.
E-mail:Gold@ yse.am

dynamic sorption experiments have been performed for sorption of some

alkaline metals (potassium, cesium and rubidium) with a diatomite-bentonite based
sorbent. Granulation of the sorbent was carried out with phosphoric acid for improving
its flow resistance with both laboratory and pilot scales considered. A sorption capacity

of 1.2

mg/g, 0.14 mcg/g, and 2,0 mcg/g for potassium, cesium, and rubidium

respectively by means of Langmuir and Freundlich isotherm models. The flow rates of
3 mL min™ were effective process parameters for controlling the pH inside of the
columns.
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(5]
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Tloctynumo 06.10.2023

B crtatbe npuBeaeHbl pesynbTaTbl MOPOXUMWUYECKOTO MOHUTOPMHIA MUHEepasnbHbIX BOA
LleHTpanbHon ApmeHun. lNMpoBegeH obwmii  XMMUYECKUA aHanmu3 cocTaBa BO4 WM cOcTaBneHa
¢dopmyna Boabl. B pesynbTate npoBeaeHHbIX paboT BbISIBIEHO U3MEHEHME XMMUYECKOro COCTaBa
MUHeparnbHbIX BO4 B CBA3M C CENCMWYECKOW aKTMBHOCTBIO pernoHa. B uyacTHocTu, oTmeveHo
BNUSIHNE MPOU3OLLEALWINX 3EMIETPSICEHNA Ha U3MEHEHME BEeNUYMHbI MUHEepanusaumm u Opyrux
XMMUYECKUX KOMMOHEHTOB COCTaBa MNPUBEAEHHbIX WCTOYHWKOB MWHepanbHbiXx BoAd. [puy-
POYEHHOCTb UCTOYHUKOB MUHEpanbHbIX BOA4 K FMYyOUHHbIM TEKTOHMYECKMM pas3fioMam Mo3BONsieT
Habnogatb 3a TEKTOHWYECKUMW HanpspKEHWAMU, MNPUBOASALMMUA K MECTHbIM W yaaneHHbIM
3emneTpsceHusaM. [Jedopmauusi, pasBMBalOLLAACs B BEPXHUX YaCTAX 3€MHOM KOpbl, OKa3biBaeT
BNUSIHNE HA YPOBEHb WU XUMWYECKUI COCTaB MOA3EMHbIX BOA. PasButve rmaporeoxXMmmnyeckmx
METOJOB UCCreaoBaHUs 3TUX MPOLECCOB MO3BONSAET M3Yy4uTb HanpshKeHHO-4eOpMUPOBaAHHOE
COCTOSIHME 3EMHOW KOpbl pervoHa U aaTb OLEHKY COBPEMEHHbIM reoAMHaMUYeckMm npoleccamM B
npegenax TEKTOHUYECKM aKTUBHBIX Y4aCTKOB 3€MHOW Kopbl ApMEHUM.

Knrouesnvie cnosa: XHUMHUA, q)OpMYJ'Ia, 3EMJICTPACCHUE, MUHCPAJIN3AIUA,
MOHHUTOPHUHI, 3EMHAA KOpa, MCCTOPOKACHUSA, THUAPOICOXUMMUA.

MOHHTOPHHF THAPOreoOXuMu4€CKuX HaﬁJIlOlIeHl/lﬁ MHUHEPAJBbHBLIX BOA.

IIo XxMMHYECKOMY COCTaBy MMHEPAJIBHBIE BOJbI OTHOCATCS K THAPO-
KapOOHATHBIM, THJIPOKAPOOHATHO-XJIOPUIHBIM, HATPHEBBIM U XJIOPUIHO-
HaTpueBbIM. DOpMHUPOBAHNE MUHEPAIBHBIX BOJ IPOUCXOASIT B CAMBIX pa3-
HOOOpa3HbIX F'€0JIOTNYECKUX YCIOBUAX. XapaKTepPHOU 0COOEHHOCThIO MUHE-
palbHBIX BOJI APMEHNH SABJISIETCSA OOJIBIIOE COJEPKAHNE YTIIEKHCIIOro rasa,
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a A7 BOJX 30H PA3IOMOB TJIyOMHHOTO 3aJIOKEHHs MpeodsiafaeT B XUMH-
YEeCKOM COCTaBe TMApokapOoHaT HaTpus. O BIMSIHUM 3€MIIETPSCEHUM Ha
PEeKUM MHUHEpaJIbHBIX BOJ OBLIO M3BECTHO JaBHO. B ruzpporeosiornueckoit
muTepatype Oosee crerpanbHo 3T0 otMedeHo W.I.Kuccunwsim [1]. Tua-
poreosoramu B.A. ApOy30BbIM, U Ap. [2] Takke OTMEuasoCh BIIMSHUE
3eMJIETPSCEHUN Ha PEXUM MHHEPAIbHBIX BOJA KypopTa Ap3HH 3a TEpPHOL
1968-1976 tr. B pe3synabpTare HCClIeAOBaHUN WMHU BBISBICHO H3MCHCHHE
MUHEpPATU3aluU MOA3EMHBIX BOJ KypopTa Ap3HU MO BIUSHUEM CeHCMU-
YeCKMX TOJMYKOB. B YacTHOCTM OTMEYEHO pe3Koe MOBBIIICHHE MUHEpa-
Ju3aluu BOJ KypopTa Ap3Hu mnocie YanablpaHCKOro 3eMIIETPSCEHUS:
24.11.76 r. Bnusaue Crnurakckoro 3emnerpsicerus: 07.12.88 r. Ha mecrto-
POXIEHUs] MMHEPAJIbHBIX BOJX ApMeHHH OoTpaxkeHo B pabore B.M. Urym-
HoBa, 3.I'. CtenansHa [3].

MOHUTOPUHTOBBIE HAOIIONEHUS TMPOBOAWINCH U MPOJOHKAIOT MPOBO-
JUTHCS 32 UCTOYHUKAMHU MUHepalbHbIX Boj LlentpansHoit Apmennn. [nu-
TeJIbHbIE TEOXUMHYECKHE HAONIOACHUS, MPOBOJAUMBIE 3a MUHEpPAJIbHBIMU
BOJIAMH, TTO3BOJIMJIM BBIJICIHUTh, YTO HamOojee MH(POPMATUBHBIMH KOMIIO-
HEHTaMH XMMUYECKOTO COCTaBa BOJ SBJISIOTCS: MUHEPATU3aLUsl, KpEMHEBAst
kuciora (HsSiO,), xmopux (CL)), 6uxap6onar (SO,%), maruuii (Mg?"), a u3
ra3oBoro cocrana- yriaekucinsiii ra3z (CO;). BoiienenHsie KOMIOHEHTHI MaK-
POKOMITIOHEHTHOT'O COCTaBa BOJ MPHU M€OIMHAMUYECKHUX MPOLECCax, MPOHcC-
XOJSIIMX B 3€MHOM KOpE, UCTIBITHIBAIOT KOJeOaHusl, MPEBOCXOAAIINE BEIU-
9iH (HOHOBBIX KoyieOaHMiA. 3amadyeli MOHUTOPUHTOBBIX HAONIONEHUN  SB-
JII€TCS BBISBICHUE AHOMAJIbHBIX W3MEHEHUI KOMIIOHEHTOB XMMHYECKOTO
cocTaBa BOJI C M3MEHEHHEM HANpsIKEHHO-AC(POPMHUPOBAHHOTO COCTOSIHUS
36MHOW KOPBI PETHOHA U COIMTOCTABIICHUE UX C CEUCMHYECKON aKTHUBHOCTBIO.
B pabote ucmonb3yercs METO THAPOr€OXUMHYECKOTO MOHHUTOPHHIA, KO-
TOPBII CITIOCOOCTBYET BBISBICHUIO CPEAHECPOUYHBIX MPEJABECTHUKOB MO aHO-
MQJIBHBIM SIBJICHUSM: W3MEHSETCS BEIMYMHA JepOpMaluu 3eMHON KOPHI,
XUMHUYECKUN COCTaB U TeMIepaTypa MoA3EeMHBIX BO/I.

TI'uaporeoxumuyeckuiit MOHUTOPUHT BoA LleHTpanbHOM ApMeHHH BKITIO-
YyaeT HaOII0ACHUS 32 PEKUMOM BOJI MUHEPATBHBIX UCTOYHHKOB: Benu, Cy-
peHoBaH, bxuu u Ap3au (puc.1).

Pexxumuble HaOMIOIEHUS BKIIOYAIOT B3ATHE NPOO € KaKIOro MHHE-
pPaNBHOTO MCTOYHHMKA TO Tpa(uKy BBHITOJHEHUS MOJIEBBIX paboT, majiee B
XMMUYECKOH J1abopaTopuH MPOBOIUTCS OOIINI MaKpOKOMIIOHEHTHBIH aHa-
nu3 BoJbl. 1o YMCIIEHHBIM 3HAYEHUSAM COJEpKaHUS KATHOHOB M MOHOB COC-
TaByieHa (opMyIia BOJbI KQXKI0T0 UCTOUHMKA: Tabnumal[4].
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Puc.1 Cxema pacnonoXeHna MmHepanbHbIX NCTOYHUKOB HaA TeEppUTOpUn

LeHTpansHon ApMeHun

Ta6auna 1

IIpuBoasites, coctaBiieHHbIe (POPMYJIbl © HAMMEHOBAHUSI MUHEPAJIbHBIX

BoJ LlenTpanbHOi ApMeHUH.

Munepanvrsie Dopmynvl 800 Haumenosanus 600wt
60001
HCO,71CL2350,6 | [mworapbonaro-
C0O,1.2 M4.5 3 4 XJIOPHIHO-HATPUEBAS
Bt Na71Cal5Mg10 Bona:
pH6.7T21
ClI67HCO,26S0,7 Xtopuzo-
A C0O,1.3M5.9 pH THIPOKapOOHATHO-
p3HH Na73Mgl4Ca10 HaTpueBas
6.8T19
HCO,79S0,15CL6 Boza
C0,1.0 M3.7 pH 6.7 | ruapoxapOoHaTHas
Beu Ca43Na33Mg22 KaJIbLUEBO-MarHUEBast
T22
HCO. 46S0O.30CL23 ITnacToBbie BOJBI
C0,0.35M4.0 3 4 rUpOKapGOHaTHO-
o Mg50(Na + K )39Cal0 | cymsparnoro
ypeHapan pH7.0T22 MarHHeBO-HATPHUEBOTO
' cocraBa

Hcxons M3 MECT pacroyIOKEHHs MUHEPAIbHBIX HCTOYHMKOB, MOXKHO
BBLIETUTH JABa ruaporeoxumuyeckux npoduist: I-1 u -1l (puc.2) [5]. Kax
BUHO, U3 rpaduka puc. 2a Bojabl rupporeoxummuueckoro mpodus I-1, xa-
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paKTepHU3yIOTCs TOBBINICHHBIM 3HaueHHneM WoHa-HCOj3, u moHWkeHHneM
3HaueHns katroHa-Mg?" HaGmogaeTcs B KOHIE MPOMUIISL.

a) 0)

Puc.2 a,6 .MameHeHne xmummyecknx anemeHToB: CL, SO4, Mg, HCO3 no npodunsm:

Ha rpaduke puc. 26, comepxkanne CL u HCO;3; B Bomax npodmueii 11-11
MIOBBIIIEHHO, M JIMIIb K KOHILY Ipoduis HaOmronaeTcs HeOoIbIIoe MOBbIIIe-
Hue 3HadyeHuss HCOjz; m cHwkenne 3Hauenus CL. Tlomydennbie rpaduxu
OTpaXKarOT W3MEHEHHE THAPOTCOXUMHUYECKUX AIIEMEHTOB BIOJb Mpoduieit
3a TIepHOJI MOHUTOPUHTOBBIX HAOIIOICHHH.

Tabauna 2
Koopannatsl m mapamMeTpbl, IPOU3OIICAIINX 3eMJICTPSCCHMI.

KoopauHaTe! 3em-
3515?_11171 (00 HIHA Py i\;[];:n;/l BHHH"E;CCT A, ITyHkTBI HAOM.
12.03.07 40,05 44,57 2,7 36 CypenaBan
11.04.07 40,22 44,37 2,6 34 i
10.06.07 39,85 45,05 2,6 34 i
18.04.08 44,07 44,8 3,3 33 i
12.03.07 40,05 44,57 2,7 36 Beau
11.04.07 40,22 44,37 2,6 51 e en
10.06.07 39,85 45,05 2,6 37 i
18.04.08 44,07 448 3,3 17 e en
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Ha pwuc.3 npuBogurcsi rpa¢uxk u3MeHeHHs] BeJMYUHBbI 001Ieill MuU-
Hepanu3auuu BoJ McTouHMKoB: CypeHaBaH U Beau, 1mo KoTopomy BUIHO,
YTO BapHallMM BEJIMYMHBI MHHEpalu3alud 10 HUCTOYHMKY: CypeHaBaH
UMEIOT aMIUIMTYQy KojeOaHHs BbIIIE, YeM B MCTOYHHMKe: Beau, m 3aBuCHUT
3TO OT MarHUTYIbl U SMULUEHTPAIBHOIO PACCTOSIHUS, MPOU3OMIEAILIErO 3eM-
neTpsicenus (tadm.2) [5].

L2000 -
L1004
Looo 4
3900 o

3200 o

IT00 4
—o— CypesHAEaH

by v (vrfm)

3500

=& Esmt
AZ00 i T T T T T
=] 5 5 5 5 5 =1 = =1 = = =
& a a & H = a & & a 8 a

Pwuc.3 Mpadumk nameHeHms oben MmHepanusauum no MMHepasnbHbIM
nctoyHnkam CypeHaBaH v Begun| — 3emnetpsaceHus (1abn.2).

Kak BuaHo u3 rpaduka n3MeHeHHe OOLICH MUHEpaimu3alueld ¢ Hau-
OoubLIeH aMIUTUTYZION MTPOUCXOTUIIO B BOJIE MUHEpAIbHOTO HcToYHHKA Cy-
peHaBaH, M0 KpUBOW M3MEHEHHUsI O0IIeH MHUHEpaTu3alliy BOABI UCTOYHUKA
Benu ammiuryna kosneGanus HaMHOTO Hibke. Jsi aHanmm3a B3aMMOCBS3H
T€OXMMHUYECKUX TPOTHO3HBIX CHUTHAJIOB C JMUIEHTPAIBHBIM PACCTOSHUEM
OT TYHKTa HAOJIOJEHUN U CEHCMHYECKUM COOBITHEM, PACCMOTPEHO 3€M-
nerpsacenue ¢ M=3.0, npousomenumee 12.04.07, B8 6 xm ot c. Ilapakapa
(ApMeHus), KOTOpOE MPHBEIO K CIEAYIOIIMM H3MEHEHUSM IO BOJE HC-
tounnka CypeHOBaH: NMOMYTHEHHE BOJIbl B CKBAXHHE, TOJHATHE YpPOBHS
BOJIbI, CHIDKEHHE TemrepaTypsl Ha 4° peskoe cumienne CO,; 1mo mcrou-
HUKy Besy: MOBBIIGHHEM TeMIIepaTyphl BOABI Ha 5°, MOBBIICHHEM Ae6UTA
BOJBI MCTOYHHMKA W CWJIBHOTO HalleTa jkene3a Ha TpaBeptuHe. [padux
(puc.4) HarISIIHO TMOKA3bIBAET KOPPESLMOHHYIO CBSI3b MEXKIy OOuIei
MUHEpaNu3aluell M YIJIEKUCIbIM Tra3oM Bojabl HcTouHMKa CypeHaBaH.
Koaddumment koppensiun Mexxy o01eit MUHHpaTH3aIie U yTiaeKuCIbIM
ra3oM 1o MuHepaibHOMY rcTouHHKYy CypeHoBas : R; =0.6..
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Puc.4. Mpacduk nameHeHns mmHepanusaumm n CO, no Boae uct. CypeHaBaH.

Hapymennue KOppeisilMOHHOW CBSI3M B KOHIE Tpaduka, BO3MOXKHO,
CBSI3aHO C 3eMJIeTpsiceHueM, mpousomrenium B ¢. ['apau: 18.04.0 ¢ M=3.3.

HawuOomnpime aMImiuTy sl KOJIeOaHUI BO HCTOYHUKOB COOCTBETCTBYIOT
BennuuHaMm 3.0>M<4.0 mecTHBIX 3emiieTpsiceHuid. XOTenoch Obl OTMETHTb,
4TO 37IeCh TOT (PaKkToOp, 4To yeM Oirrke HaOMIoJaTeNbHBIN IMYHKT OT ovara
3eMJIETPACEHUsI HEe CpaldaThIBaeT, OOBSICHEHHWE 3TOMY, BO3MOXKHO, HCXOJUT
OT TEH304yCTBUTEIILHOCTH MECT PACIIOJIOKEHHS MUHEPAIbHBIX HCTOYHUKOB.

Hccnenosanbl conepkanuss CO,, Mg, Cl B Bomax MuHepaibHBIX HC-
TOYHUKOB LleHTpanbHOil ApMeHHH. BhIsiBIIGH Ce30HHBIN X0 00IIel MUHE-
panu3anuu uctouyHnka CypeHaBaH 1O psiiy HaONIOJaeMbIX JIET, TaKKe OT-
MEYeH TPEH/ Ha MOHIKEHUE MO TOJIOBOMY XOAy OOIIel MUHEepaIu3aIiu
BOJI MUHEpaJIbHOTO MecTopokaeHus bxuu. Ha rpaduke Bapmanmii comep-
KaHuss xuMuieckux snmemeHToB Mg u Cl Bo Bpemenu [uis Box Ap3HU Ha-
HECEHBI 3eMJICTPSICCHMS, MPOU3OIIEAIINE 3a TIepuol Ha0oaeHni (puc.6).
Kak BuaHO M3 pUCYHKA, U3MEHEHHE COJIEp)KaHUS THX 3JIEMEHTOB IPOUC-
XOAHUT CHHXPOHHO, MPUOJIU3UTENHHO C PAaBHOM aMIUIUTYON KoJeOaHMsI.
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Hata (4.mI)

Puc. 5. Bapnauuu cogepxxaHusa xummnyeckmx anemenTos (Mg, Cl) B Boae MMHepansHOro
UCTOYHMKA Ap3H|/|.¢ -3emneTpscenus: 18.06.09, M=4,1; 17.01.10, M=3,2; 14.10.11, M=3,6.
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Bapuanuu conepxaHus XUMHUYECKUX AJIEMEHTOB Ha (oHe TpeHaa (Io-
BBIIIICHUE, TTOHM)KEHHE) YKa3bIBAIOT Ha AcOpMaIMOHHBIC TIPOIIECChl (Cka-
THE, PACTSHKEHUE), UMEBIINE MECTO B MECTaX BBIXOJAa MUHEPAIBHBIX BOJ B
CBSI3W C TE€OJMHAMHYECKMMH IPOLECCAMU B 3€MHOW KOpE HCCIIEAYeMOro
peruoHa. B IIPUBCACHHOM CJIy4a€ MOXXHO IPCAINOJIO0XKHTb, YTO B BOIO-
BMEIIAIOUINX MOPOJaX MECTOPOXKICHHUS AP3HU HMPOUCXOIMT IMPOLECC CKa-
TSI, YTO YKa3bIBa€T HA MOBBINICHHYI0 aKTUBHOCTh TEKTOHMYECKHX IBIIKE-
Huit EpeBan-Opay6aTckoro 0i0Ka, KyAa BXOISAT MECTOPOXKACHUS BOJ
Ap3uan u bxuau [5]. Mecropoxaenust muHepaibHbix Boa Bemnu u Cypena-
BaH pacnojoxeHsl B L[axKkyHK-3aHre3ypcKol TeKTOHHUECKOW 30He, KOTOpast
XapakTepu3yeTcs 3a Bpems HaOmroieHni 6osee cTabuIbHON Te0IMHAMUKOM.

3a uccienyemMblii IepruoJ; T€OXUMHUYECKUH MOHUTOPHUHT LIEHTPATBHOM
ApMeHUH BKJIIOYAET JaHHBIE MO PEKUMHBIM HAOIIOIEHUSIM BOJ, MHUHEPAJIh-
HbIX UCTOYHUKOB, MPEABAPUTCIILHO MOXHO CKa3aTb, YTO XUMHUYECKUH COC-
TaB BOJI OJIBEPKEH BIMSAHUIO CEHCMUYECKUX COOBITHI, NMEIOIINX MECTO Ha
TEPPUTOPUU APMEHUU

MeTtoabl 00padoTKH H MOJIyYeHHbIe Pe3yJbTAThI.

OO0paboTKka BPEMEHHBIX PAIOB XMMHUYECKUX KOMIIOHEHTOB MHHEPAJIb-
HBIX BOJZ COCTOsJIa U3 Yy4€Ta CEC30HHBIX H3MCH€HI/II71, KOpPEIAIMOHHOI'O aHa-
JM3a, UCKIIFOYECHUS! TPEHAA M COMOCTABJICHUS C CEHCMUYHOCTBIO pernona. C
[CJIBIO MOBBINICHUS KOPPLCIIALUMHN IMOJTYUCHHBIX JAHHBIX C CECMHUYHOCTBIO B
paboTe paccMOTpeHa METOAMKA BHIOOPKH CEMCMUYECKUX COOBITHHA W3 Ka-
Tayora JJs pa3IMYHbIX HAOIIONATENBHBIX CKBAXHH C Y4eTOM Ae]opMariuii
B OKPECTHOCTSIX JMMIIEHTPA TOTOBSIIErocs 3emiierpscenus [6]. Onpeneis-
Jach B3aUMOCBS3b IapaMETPOB XMMHUYECKOI'O COCTaBa BOJ C TEMHU Celic-
MHUYECKUMHU COOBITUSIMH, STHIIEHTPAIBHBIC PACCTOSIHUS U 00BbeMHast 1edop-
Marusi KOTopbeix onpenernsunch 1o Gopmyne U.I1. [JoGpoBonbckoro:

-3

d

0413M-266 | '
10

rae € — naedopmanus, d - SMUIEHTpAIbHOE paccTosHUe, M - MarHuTyjaa
3eMJIETPSACEHUS.

OCHOBHOE KOJIMYECTBO ,MPEANOIaraeMblX THAPOT€OXUMUYECKUX 3(-
(EeKTOB PETUCTPUPYETCS B 30HE, COBIAAIONICH IO CBOEMY pa3Mepy C 30HOM
pacnpocTpanenus aedopmanuii. Pagmyc 30HbI IPOSIBIICHUS OTIPEACIISIICS TI0
dopmyne R =10 (xm) [6].

344



Ta6auna 3.

IHapameTpsl 3eMuleTpsiceHMil U BeJIHYNHBI AedopMannu 3eMHOI KOPBI,
KOTOpPbIe MOI'YT BJMATH HA H3MEHeHHe XMMHYeCKOIro coCTaBa
MHMHEPaJIbHBIX BOI.

Jlata Koopaunatst

(mur) 3eMJIETPSICEHUS
3emuierps- g
CeHnst © 52
. = 2z
= = s
< < = 5 £ g g g E
g 3 = | B EE | B, g =3
= E E e 5o I o £33 =) g3
S s X z g =5 E g 5 3 &
=| = = E M 2 = B MO oo = M B
10.14.2011 40.27 44.77 3.6 10.48 Bxan 29 1.27E-08 36.2
10.14.2011 40.27 44.77 3.6 10.48 Ap3zHu 21 3.33E-08 36.2
10.14.2011 40.30 44.66 3.6 10.48 Ap3zHu 9 4.64E-07 36.2
10.14.2011 40.30 44.66 3.6 10.48 Bxnu 22 2.75E-08 36.2
10.19.2011 40.02 44.48 34 10.12 Benu 30 6.66E-09 29.7
12.28.2011 39.92 4457 3.1 9.58 CypeHaBaH 26 4.48E-09 22.0
12.28.2011 39.92 4457 31 9.58 Benu 18 1.29E-08 22.0
02.13.2012 40 44.73 2.3 8.14 Benu 8 1.58E-08 9.9
03.17.2012 39.77 44.82 2.6 8.68 CypeHaBaH 8 3.61E-08 13.4

B Ttabmuue 3 mpuBOIATCS MapaMeTpsl 3eMICTPSICEHHMH, NeHCTBUS KO-
TOPBIX OTPAXKEHBI Ha U3MEHEHUAX XUMUYECKOIO COCTaBa BOJ MUHEPAIBHBIX
HCTOYHMKOB. IIpym »TOM HMMeENnock B BHIYy, YTO B IIPOLECCE IMOATOTOBKH
3eMJIETPSICEHUII MOTYT OBITH BBIABICHBI 3(P(EKTbl B TOM Ciydae, €Ciu
pacuetHas epopMaius HMeeT BelMunHY He MeHee 10, T.e. mpembimaer
BEJIMYMHY 3E€MHO-TIPWJIMBHOW nedopmannu. B HEKOTOphIX ciydasx pac-
CMAaTpPUBAETCA BO3MOXKHASA BBICOKAsA TEH30YYBCTBUTEIBHOCTH MECTa pac-
TIOJIOXKEHHs CKBAXKHHEI, TJIE CJIEAyeT YUHThIBATh Aepopmaruu mopsaka 107
u Ooiee.

B cratuctudeckoil 06paboTKe NAHHBIX HENPEPBIBHBIX PSIOB YIIIEKUC-
JIOTO Tra3a ¥ MHHEpaau3aldd Ha TEOXMMHUYECKUX IIYHKTaX IIPUMEHSICI
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METOJl, OCHOBAHHBIM Ha OLIEHKE M3MEHYMBOCTU JUCIEPCUU BO BPEMEHHBIX
vHTEepBajax [7], Ha mpuMepe BOJ MHHEpalbHOro McTouyHuka-CypeHaBaH
(puc, 7 a,0).

a)

4200 1
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Punc.6a,6: a) ameHeHne MnHepanu3saummn Boabl CkBaxuHbl CypeHaBaH,

6) M3MEHEHNE BENUYNHBI AUCIEPCUN.

Kak BuiHO, U3 IpeAbIIyIIEr0 PUCYHKA, 3eMJIETPSICEHNE MTPOUCXOIAT Ha
CHaJe BEJIMUYUHBI JUCIIEPCUU 1OCIE COOTBETCTBYIOLIETO €ro MOBBIIICHUS, U
uMeroT OyxTooOpasHyto Gopmy.

Jns conocTaBieHust N3MEHEHNSI MUHEPAIU3aluu ¢ CeHCMUYHOCTBIO Ha
NPUBEJCHHOW KPHUBOM JUCIEPCHM, CTPEIKaMM IOKa3aHbl 3€MJICTPSCEHUS
(puc.60)

Kak BuaHO M3 TabmuUIbl 3, SNHUIEHTPHI 3eMJIETPSICEHUH HAXOIMINCh HA
paccTosiHUU OT 8 kM A0 29 kM, a HANpPSHKEHHOE COCTOSIHUE 3€MHON KOpbI B
OKPECTHOCTAX I'€OXMMHUYECKOro MyHKTa -“CypeHaBaH’ OLIEHHUBAJIOCH BEIU-
YMHON 00BheMHOH aedopmanmu - 10°.
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3a uccnenyemMblil IEpUOJT COCTABICHA KapTa ruaporeoaedopMaoHHO-
ro moJisg 3eMHoM Kopel LleHTpansHOM ApMmenuu (puc.7), KoTopas oTpakaeT
re0JMHAMMYECKHE JBY)KEHUS 36MHOM KOpbI B BUJE JIOKAIbHBIX HAIPSHKEH-
HbIX Touek (cxkartus u pacTsnkeHus) [8]. Kapra cocrtaBnena mo maHHBIM
napamMeTpoB CelicMUUYECKUX COOBITHH (@, A; MArHUTY/AA M SIMHUICHTPATBHOE
paccTosiHue) U KOOpJAMHATAMH MYHKTOB HAOMIOACHWI MPOHM3OLICIIINX 3a
ucciexyeMblii epuoy (tadbmuma 3). M3 npuBeaeHHON KapThl BUIHO, YTO Ha
03-0ii rpanune Apmenun HaOmromaercs nedopmanusi (ckarue) BOKPYT
HMCTOYHUKOB MUHepanbHbIX BoA: CypeHaBaH u Benu pacrosio)KeHHBIX B
Apapatckom paiioHe ApmeHHH. BO3MOXXKHO, 3TO OTpa)K€HHE AKTHUBHOCTH
re0JJMHAMHYECKUX JIBIKEHHH 10 ryOnHHOMY EpeBaHckoMy paziomy.

# - NOTH.HCT 53,

(T HAOJHHEHH nedophain,
“-- SKTHEHEIE PAATOMEL

Pwuc.7.KapTa HanpsxeHHo-aedopmMmpoBaHHOro coctosHms LieHTpanbHon ApMeHun

Hedopmamms (pacTsokeHHE) Ha KapTe OTpa)kaeTcs B MECTax BBIXOZAA
MHUHEPaITBbHBIX BOJI: Ap3HU u bxan. CelicMHYeCKUM COOBITHSIM IMPEIIIeCT-
BYIOT F€OXMMHUYECKHE aHOMAJIWU B COCTaBE MOA3EMHBIX BOJ, OTIIMYMMEIC
OTHOCHUTEJILHO ()OHOBBIX 3HAUYEHUI B IPOIICHTHOM OTHOIICHUH.

BBIBO/IbI

Hanbonee yeTko reOXUMHYECKHE AaHOMAJIUHU TPOSBIISIOTCS] B MAKPOKOM -
MIOHEHTHOM COCTaBe MUHEPAJbHBIX BOJA U pacTBOpeHHBIN B Boje ras: CO,.
CelicMMYeCKHM COOBITHSM NPEAIIECTBYIOT T€OXUMUYECKHE aHOMAIIMH KOM-
MIOHEHTOB COCTaBa BOJ, OTIIMYMMbIE OTHOCHTENHHO (DOHOBBIX 3HAUEHHH B
MIPOLIEHTHOM OTHOLLIEHUHU.

JlnuTenbHbIE M yCTOMUYMBBIE BO BPEMEHM BapHaly oOIIel MUHEpan-
3allMM MUHEPAJIBHBIX BOJ, BEPOSTHO, OTPaXkKarOT YCJIOBHS I€OAMHAMUYEC-
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KOTO Pa3BUTHs PETHOHA, a TaKKe€ MOTYT OBITh HCIIOJIb30BAHBI JUISl TOJITO-
CPOYHOTO MPOTHO30B IMEPHUOA0B YCHUIICHHS W OCIa0ICHUS CEMCMHYHOCTH.

[TosryueHHBIC pe3yibTaThl 00PAOOTKH JAHHBIX MO U3MEHEHUIO XUMH-
YECKMX KOMIIOHCHTOB COCTaBa BOJ| MHHEPAIbHBIX MCTOYHHKOB ITOKA3au
KOPPEJISIIMOHHYIO CBSI3b MEXKAY MOHWUTOPUHTOBBIMH HAONIOACHUSAMH U
CEHCMHYECKUMHU COOBITUSIMU

M3MeHeHne XMMHUYECKOro cocTaBa W (OPMHUPOBAHHE THAPOTCOXUMHU-
yecknX 3((HEKTOB 3eMIICTPSICCHUN OOBSCHIETCS M3MEHEHUEM HaIPSKEHHO-
Nne(OPMUPOBAHHOTO COCTOSTHUS CPEbI IPU TOJTOTOBKE 3€MIICTPSCCHHIA .

Pacmmpenne myHKTOB HAOJFOICHU TIO3BOJIUT IMOBBICUTh HHPOPMATHB-
HOCTH TOJIy4a€MbIX JaHHBIX U PE3yJIbTATHBHOCTh METOJA THUAPOTCOXMMHU-
YECKOTO MOHUTOPHHTA.
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CHEMICAL COMPOSITION OF MINERAL WATERS
OF CENTRAL ARMENIA

R.A.PASHAYAN, J. K. KARAPETYAN, K.G.TOVMASYAN

Institute of Geophysics and Engineering Seismology named after. A. Nazarova
NAN RA, Yerevan, st. M.Bagramyan 24
E-mail: romellapashayan@sci.am

The article presents the results of hydrochemical monitoring of mineral waters in
Central Armenia. A general chemical analysis of the water composition was carried out
and the water formula was compiled. As a result of the work carried out, a change in the
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chemical composition of mineral waters was revealed in connection with the seismic
activity of the region. In particular, the influence of theearthquakes on the change in the
value of mineralization and other chemical components of the composition of the given
sources of mineral waters was noted. The location of mineral water sources to deep
tectonic faults makes it possible to observe tectonic stresses leading to local and distant
earthquakes. Deformation developing in the upper parts of the earth's crust affects the
level and chemical composition of groundwater. The development of hydrogeochemical
methods for studying these processes makes it possible to study the stress-strain state of
the earth's crust in the region and assess modern geodynamic processes within the
tectonically active areas of the earth's crust in Armenia.
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Supramolecular chemistry is one of the most actively developing areas
of modern science. The inexhaustible interest in supramolecular structures
stems from their ability to self-assemble, that allows to create systems
modeling processes occurring in living organisms, as well as to use nature's
approaches to create such functional systems as molecular receptors,
catalysts, nanoreactors, molecular machines, etc. For this reason, special
attention of researchers working in the field of supramolecular chemistry is
focused on amphiphilic molecules which are able to form highly ordered
molecular ensembles in aqueous solutions. Amphiphilic macrocycles are of
particular interest. A distinctive feature of amphiphilic macrocycles is their
ability to high molecular recognition due to multipoint interactions.

The modular approach of click chemistry (especially the copper-
catalysed cycloaddition reaction of azides and alkynes, CUAAC), proposed
by Sharpless in 2001 [1], is extremely suitable for the construction of
amphiphilic structures based on macrocycles due to its exceptional tolerance
to the introduced functional groups, allowing the direct introduction of even
ionized fragments without the use of protecting groups. So, it is possible to
synthesize libraries of various amphiphilic compounds by the changing of
azide- or alkyne-containing structural modules [2,3] (Figure 3).
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Figure 3. Design of amphiphilic compounds using CuAAC reaction.

Earlier the click chemistry approach has been applied to the preparation
of amphiphilic derivatives based on platform of classical calix[4]arene in the
cone configuration [4-6] using only tetra- or di-azidomethylene derivatives.
For this reason the main aim of our work was the synthesis of novel
macrocyclic click chemistry precursors with different of azide fragments
number, different macrocycle stereoisomeric form, different types of
lipophilic fragments, including both conventional long-chain alkyl and
photopolymerisable diacetylene fragments, as well as the design of new
functional supramolecular systems with practically useful properties on the
basis of the obtained amphiphilic compounds [6-9].

Amphiphilic triazole derivatives of (thia)calix[4]arene

Thiacalix[4]arene platform due to its greater conformational mobility
compared to the classical calix[4]arene allows easily to form in the macro-
cycle a spatial separation of lipophilic/hydrophilic domains on the base of
bifunctional derivatives in the 1,3-alternate stereoisomeric form.

The strategy for the synthesis of amphiphilic molecules based on p-tert-
butylthiacalix[4]arene (fig. 4) involves the preliminary modification of the
macrocycles by alkyl substituents of different lengths (compounds 1.1-1.3)
and further introduction of terminal alkynyl groups (way A) or azide
fragments via di-bromo derivatives (way B). It is important that di-bromo
intermediates can also be used for the synthesis of cationic amphiphiles by
quaternization with N-nucleophiles (way C). For the synthesis of propargyl-
containing precursors distally di-substituted derivatives 1.1-1.3 were reacted
with propargyl bromide. It is important that products were isolated as a
mixture of 1,3-alternate:partial cone stereoisomers in a ratio of 2:1 [10]
which was used in further transformations (fig. 9). Thiacalixarene deri-
vatives 1.7-1.9 with two or four O-propargylethylene glycol fragments were
obtained by Mitsunobu reaction [11]. In this case, the compounds were
isolated exclusively in the 1,3-alternate configuration.
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Figure 4. General strategy for the synthesis of amphiphilic compounds using CuUAAC reaction
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A B

Figure 6. Structures of 1.4 (A), 1.7 (B) and 1.9 (C) macrocycles according to X-ray data.

The structure of compounds 1.4, 1.7 and 1.9 was confirmed by single
crystall X-ray diffraction analysis (fig. 6). Bromo-(1.10-1.18) and azide-
containing (1.19-1.22) derivatives of p-tert-butylthiacalix[4]arene were also
synthesized [12-14]. For this purpose, dialkyl-substituted macrocycles 1.1-
1.3 were involved in Mitsunobu reaction (in the case of 3-bromopropanol)
or Williamson reaction (in the case of longer-chain dibromalkyl derivatives).
The obtained dibromides were reacted with sodium azide. It was found that
the reaction with bromopropyl-containing derivatives 1.10-1.12 proceeded
only under microwave activation. In the case of the linker containing four
methylene groups the reaction took place under conventional heating.

H,N t-Bu ¢-Bu NH,

~NaNO, NaN;j ™~
R DMEF- R
1.23 R=-C,H, CH;COOH 1.29 R=-C4Hqy (97%)
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H,N NH, NH,  NH,
MO
2 Y
l [
0O O 0 o,
/ \ R
R R R
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1.26 R=-CgH,, 1.32 R=-CgH,; (88%)
1.27 R=-C,,Hy, 1.33 R=-C,,Hy (88%)
1.28 R=H 1.34 R=-H (80%)

Figure 7. Synthesis of arylazide derivatives of calix[4]arene.
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Click chemistry precursors based on classical calixarene were obtained
in the cone conformation [15-18]: azide fragments are located on upper rim
and alkyl substituents - on the lower rim of the macrocycle. The azide
fragments on the upper rim were introduced by diazotization reaction of
corresponding aminocalixarenes (1.23 — 1.28) and followed by diazo group
substitution. A mixture of DMF and acetic acid (1:3) was found to be
optimal solution for diazotization. The target di- (1.29-1.30) and tetraazides
(1.31-1.34) were obtained in almost quantitative yields.

A B
Figure 8. Structures of 1.31 (A) and 1.34 (B) according to X-ray data.

Macrocycles 1.4-1.6 were involved into azide-alkyne cycloaddition
reaction with a number of model azides. It was found [10] that these
reactions occurs stereospecifically. A mixture of partial cone:1,3-alternate
stereoisomers (ratio 1:2) of compound 1.4-1.6 forming at the first step (fig.
5), leads to the formation of cycloaddition product in only 1,3-alternate
stereo isomeric form (fig. 9).
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Figure 9. Synthesis of triazoles on the basis of dipropargyl derivatives 1.4-1.6.

Bulky polar dendrons with terminal hydroxyl groups based on gallic
acid were also introduced into propargyl-containing calixarenes 1.7-1.9 [11].
Amphiphilic (1.44 and 1.45) and symmetric (1.46) dendrimers in 1,3-
alternate configuration were obtained in high yields (fig. 10).
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Despite on the stereoselectively of CUAAC reaction of alkynyl deriva-
tives of thiacalix[4]arene with organic azides (fig. 9) this way to amphiphilic
macrocycles looks rather complicated due to the instability and consequently
the inaccessibility of low molecular weight azides. In this context the
application of stable macrocyclic azides allows to involve into [3+2]
cycloaddition a lot of either activated or non-activated acetylenes. Some
examples of synthesized macrocycles are presented on figure 11, in parti-
cularly, containing anionic headgroups 1.47-1.51 (carboxyl and sulfonate
[13]) and cationic headgroups 1.52-1.60 (triethylammonium and diethyle-
netriamine, [19-21]). The conjugate of p-tert-butylthiacalix[4]arene with
oxyethyl-containing fluorescein 1.61 was prepared for further use in pho-
tocatalysis [22-23].

Calixareneazides 1.23-1.28 based on calix[4]arene platform were also
involved in azide-alkyne cycloaddition reactions with both terminal acety-
lenes and activated acetylene dicarboxylic acid [15-17, 24]. The final
triazoles were isolated in high yields (fig. 12). The cytotoxic properties of
obtained amines 1.71 and 1.72 against MCF7 breast adenocarcinoma and
PC-3 prostate carcinoma cell lines were investigated. The IC50 values
(umol) for 1.72 were 3.3 and 7.4 for MCF7 and PC-3, respectively, com-
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pared to 21.3 for the normal cell line, suggesting some selectivity towards

tumor cells.
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Figure 11. Synthesis of triazoles based on azide derivatives of
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Figure 12. Synthesis of triazoles based on azide derivatives of calix[4]arene 1.23-1.28.
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Chemo/biosensors with optical response are of great demand since they
allow the rapid determination of various analytes by simple color/fluores-
cence change. We found that the fluorescence of the anionic dye eosin is
very sensitive to any changes occurring in macrocyclic aggregates. Fluores-
cence of eosin is quenched in the presence of cationic macrocycle mono-
mers; after reaching of critical aggregation concentration (CAC), eosin
migrates into the hydrophobic zone of the aggregates, which is reflected in a
bathochromic shift and an increase in the fluorescence intensity of the dye.
Competitive displacement of eosin upon interaction with analyte provides an
optical signal (fig.13).

Figure 13. General operating principle of sensor systems based on dye
displacement from aggregates.

Thus, a system based on ammonium thiacalixarenes 1.52-1.54 with
eosin [19] was able to selectively detect alkyl sulphates (sodium lauryl and
laureth sulphates), which cause the restructuring of aggregates and the
release of eosin. The detection limit for alkyl sulphates was 3.5 uM. Using a
similar approach, the adenosine phosphate-sensitive system based on the
classical calixarenes 1.64-1.65 and 1.69-1.70 and eosin as an indicator was
obtained [15]. Adenosine di- and triphosphates were found to induce an
optical response when adenosine phosphates were added to the dye-calixa-
rene dual system. A selectivity towards adenosine diphosphate was found in
the case of disubstituted macrocycles. According to quantum-chemical cal-
culations, adenosine diphosphate more effectively embedded into molecular
cleft formed by two ammonium moieties due to a good host-guest geo-
metrical and energetic complementarity.

Compounds containing diethylenetriamine fragments, both on the
thiacalixarene platform [20] (1.58-1.60) and on calixarene platform [17, 18]
(1.69-1.72) were able to interact efficiently with calf thymus DNA, causing
its compaction into stable nanoparticles with an average size of 20-50 nm. It
was found that macrocycle 1.72 with “free” lower rim is also capable of
compacting DNA into 20 nm nanoparticles due to its conformational
mobility and ability to bind multiple DNA strands.
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A number of the obtained amphiphilic derivatives were also effective in
catalytic transformations. Thus, using gallic-acid based dendrimers 1.44-
1.46 as stabilizers [11], Pd nanodendrites located on the surface of dendri-
mer aggregates were obtained (fig.14). The resulting Pd nanodendrites were
found as effective catalysts for the Suzuki coupling and the reduction of p-
nitrophenol to p-aminophenol in aqueous solution.

Figure 14. TEM micrographs of palladium nanodendrites stabilized on 1.45 (A) and their EDX
spectrum (B) proving the elemental composition of the particles.

Macrocycles 1.73-1.75 were found to act as micellar catalysts [24] in
the Suzuki coupling of phenylboronic acid with a number of aryl halides in
water, significantly increasing the conversion of the reagents.

A photocatalytic system capable of operating in water based on the
fluorescein derivative 1.61 was obtained [22]. Macrocycle 1.61 was found to
be significantly more active in the photocatalytic reaction of ipso-
hydroxylation of phenylboronic acid compared to the initial fluorescein, due
to its ability to self-assemble and solubilize reagents.

Diacetylene-containing derivatives of (thia)calix[4]arene

The introduction of diacetylene lipophilic fragments into the structure of
amphiphilic calix- and thiacalix[4]arenes significantly expands the potential
applications of such systems due to the ability of 1,3-butadiyne fragments to
undergo 1,4-type polymerization under UV light. The presence of extended
conjugated en-yne chains causes coloration of the polymer. Upon stimuli,
(mechanical, thermal, chemical), the efficiency of orbitals’ overlapping
decreases. This is reflected in the color change (hypsochromic shift) and the
appearance of fluorescent properties (fig.15). Arming diacetylenes with
receptor fragments makes it possible to obtain a variety of colorimetric
Sensors.
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Figure 15. Optical signal generation by polydiacetylene matrix upon stimuli.
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Figure 16. The synthesis of diacetylene derivatives of classical calix[4]arene.
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Through the possibility of stepwise modification of calix[4]arene plat-
form, diacetylene and functional alkynyl or azide fragments can be introdu-
ced on either the lower [25] (compound 2.6) or the upper rim [26] (com-
pound 2.10) (fig.16).

Stepwise modification of the thiacalix[4]arene platform in its 1,3-
alternate configuration is a convenient alternative to modifying the classical
calix[4]arene, since only the lower rim of a macrocycle is modified. Using
this approach, a p-tert-butylthiacalix[4]arene 2.12 containing 5-phenylpenta-
2,4-diyne fragments [27] and a macrocycle 2.15 containing 10,12-penta-
cosadiynoic acid residues [28] were synthesized by the Mitsunobu reaction
(fig.17).
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Figure 17. The synthesis of diacetylene derivatives of thiacalix[4]arene.

The diacetylene-containing macrocycles 2.12, 2.15 and 2.16 were also
introduced into reaction with acetylenedicarboxylic acid (fig.18) using an
approach previously tested on alkyl-containing (thia)calix[4]arenes. The
sulphonate derivative 2.17 was also synthesized using a copper(l) catalyst.
Along with diacetylene derivatives containing anionic headgroups, cationic
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amino derivatives of both thia and classical calix[4]arene 2.19, 2.22 and 2.24
were also synthesized. Thus, the click chemistry approach was also effective
for the precision modification of macrocyclic derivatives containing
lipophilic diacetylene fragments.
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Figure 18. The synthesis of diacetylene (thia)calix[4]arene triazoles.
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Using the film hydration method, polydiacetylene (PDA) particles of
macrocycles 2.16 and 2.17 with 10,12-pentacosadiynoic acid (PCDA) as a
base lipid were obtained [28]. According to the obtained data (fig.19), the
prepared PDA particles have an intense colorimetric response towards
lanthanide ions. The most intense response is observed for lanthanum, which
is the bulkiest ion in the studied series. The coordination of bulk hydrated
ions causes distortion of the macrocyclic platform, which also reflects on the
distortion of the PDA polymer chain. Furthermore, the addition of lanthani-
de ions causes coagulation of PDA particles, which also induces a colo-
rimetric response.
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Figure 19. Scheme of PDA-particle production and photograph of a plate containing 2.16 -
PDA-particles in the presence/absence of lanthanide nitrates. C(2.16) = 0.07 mM,
C(PCDA) = 0.7 mM, TRIS 10 mM, pH 7.4, C(metal) = 0.7 mM.

Macrocycles with positively charged amino groups have also been used
to prepare PDA-particles [29] using N-(2-aminoethyl)-10,12-pentacosa-
diynamide (AEPCDA) as the base lipid. PDA particles made from AEPCDA
and thiacalixarene 2.19 were able to detect calf thymus DNA, whereas
vesicles containing classical calixarene 2.24 were able to detect adenosine
triphosphate.

Diacetylene-containing derivatives have attracted attention since the
diacetylene motif is a precursor to a wide range of heterocycles. In an
attempt to synthesize macrocyclic pyrazole derivatives, it was discovered
[30] that in the presence of hydrazine hydrate the calix[4]arene derivative
2.25 with two 5-phenylpenta-2,4-diynyl fragments (fig. 20) is capable of
reductive cleavage. It has been shown [31] that isostructural derivatives
containing phenylpropargyl or propargyl fragments 2.26 and 2.27 are also
reductively cleavable in the presence of hydrazine hydrate. The possibility

of a one-pot reductive depropargylation reaction with reduction of nitro
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groups in the corresponding nitro derivatives to give amines 2.35 and 2.36
upon addition of a nickel catalyst to hydrazine hydrate has been demon-
strated.

NH
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OH OH gy HO
(2.28) (2.29)
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2.34,R - H, X = NO, (78%)
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2.36, R - H, X = NH, (61%)

2.31,R - +-Bu ”
| | 2.32,R-H
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Figure 20. Reductive dealkylation reactions with hydrazine hydrate in diacetylene- or
acetylene-substituted calixarene derivatives.

Bifunctional imidazolium derivatives of calix[4]arene

The potential of calixarene macrocycles can be significantly enhanced
by introducing additional imidazolium fragments along with azide and
alkynyl fragments. The macrocycles can form aggregates due to the
presence of cationic headgroups. Upon addition of a suitable copper catalyst,
these aggregates can be cross-linked through the CUAAC reaction to form
covalently cross-linked polytriazole particles.
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Figure 21. Potential applications of click chemistry precursors with imidazolium moieties.

When azide-containing imidazolium salts interact with polar alkynes, a
series of polyfunctional amphiphiles containing additional important frag-
ments in the polar region can be obtained.

H,CO, HCl,

\ CH;COOH/CHCly
1-1.5h, rt.

OHOQH

R CH;CN,
80°C, 6 - 24 h

K ®
3.1 R =C,H, (78%) 33R=C,H,
32 R =CgHy; (71%) 3.4R=CgHy,

> Q %Q /
t N N /= .
- 0 0 O UL B M,

3.5(86%, 3.6(81%, 3.7(81%, 3.8(80%, 3.9 (56%, 3.10 (59%, R =C4Ho)  3.12 (69%, R = C4Hy)
R=C4Hy) R=C4Hy) R=C,Hy) R=C4Ho) R = C,Ho) 3.11 (54%, R=CgH,7)  3.13(71%, R = CgH,7)
NN ~UN, N\\/N\/\/\ R, = N\/N\/\{ AJst \/N\/\ P\/ V
3.14 (59%, R=C4Hy)  3.16 (47%, R = C,H,) 3.18 (69%, R = C4Hy) 3.20 (64%, R = C4Hy)
3.15 (54%, R=CgHy7)  3.17 (64%, R = CgH, ;) 3.19 (42%, R = CgH,) 3.21 (61%, R=CgH )

Figure 22. The synthesis of a series of imidazolium/benzimidazolium
derivatives of calix[4]arene.

Chloromethylated macrocycles 3.3 and 3.4 containing mobile benzyl-
type halogens seem to be the most convenient platform for the construction
of such systems (fig. 22). These compounds have been obtained [32] by the
Blank chloromethylation of disubstituted calix[4]arenes after one hour with
quantitative yields. Taking into account that bis-imidazolium macrocycles
can act as precursors of N-heterocyclic carbenes (NHC), imidazolium salts
with bulk alkyl and aryl, hydrophilic oxyethyl and azidoalkyl/alkynyl
fragments were produced for further reaction with chloromethylated cali-
xarenes. Macrocycles 3.3 and 3.4 were reacted with the obtained imidazoles
in acetonitrile. The products 3.5 to 3.21 were isolated in high yields [33-36].
The effect of compounds 3.5-3.9 on the course of the Suzuki-Miyaura
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coupling was studied [33] on a model coupling reaction of phenylboronic
acid with p-bromo-nitrobenzene, conducted in water with 0.5 mol % catalyst
(Pd(OAC),). The addition of macrocycles improved the conversion of the
aryl halide with the best results found for N-methyl substituted macrocycle
3.5. As mentioned above, aggregates of imidazolium derivatives containing
azide/alkynyl fragments can be covalently cross-linked using the CuAAC
reaction. Crosslinking was carried out using compounds 3.14 and 3.16 with
the concentrations of the macrocycles above their CAC [34]. Polydisperse
polymers with the average weight about 5000 kDa were obtained.
Presumably, due to the insufficient lipophilicity of the butyl fragments in
3.14 and 3.16, the aggregates disintegrated during polymerization to form
linear polymers. Indeed, the involvement of more lipophilic octyl macro-
cycles 3.15 and 3.17 [35] into the CUAAC polymerization significantly
reduced the molecular weight of the polymer up to 95 kDa with a
monomodal size distribution. The obtained polytriazole particles were then
used to stabilize palladium nanoclusters produced by chemical reduction of
Na,PdCl, with ascorbic acid (fig. 23).

Figure 23. TEM micrographs of 3.15 + 3.17 polymer particles without (A) and with palladium
deposited on the surface (B and C).
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Figure 24. Plot of In(C/C,) vs catalytic reaction time for different Pd-containing catalytic
systems. C(PNP) = 0.1 mM, C(NaBH4) =5 mM, C(macrocycles,
polymers or Pd(OAc),) = 0.2 uM, H,0, 25°.
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The comparative catalytic activity of palladium in the absence and
presence of both individual macrocycles and their mixtures and polymer
particles was investigated (fig. 24) using a common model reaction of p-
nitrophenol (PNP) reduction in the presence of NaBH,. The stabilization of
Pd nanoparticles even on unpolymerized macrocycles increased a specific
catalytic activity by several orders of magnitude. The use of a polymer
support proved to be the most effective. The better results can be attributed
to the higher roughness of the support, which prevents the rearrangement of
palladium particles and formation of inactive palladium black. Taking into
account the very low Pd loading (3.2 nmol), the obtained catalytic systems
exceed the literature analogues in terms of PNP reduction rate.

Imidazolium derivatives of thiacalix[4]arene and their
NHC - Pd(I1) complexes

The introduction of imidazolium fragments into the macrocyclic plat-
form opens the way to the synthesis of NHC ligands for transition metal
complexes. Convenient method for the synthesis of amphiphilic macrocycles
is the introduction of imidazolium salts on one side of the macrocycle with
the presence of lipophilic fragments on the other side. The thiacalix[4]arene
platform is very promising for such transformations because the synthesis of
initial halogen derivatives containing lipophilic alkyl fragments is carried
out in only two steps by sequential introduction of alkyl and bromalkyl
fragments under Mitsunobu or sequential Mitsunobu/Williamson reactions.
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Figure 25. General strategy for the synthesis of amphiphilic quaternized derivatives
of p-tert-butylthiacalix[4]arene.

The initial selection of the quaternization conditions was carried out
using triethylamine [37-40]. However, the reaction of 1.10 did not start with
triethylamine as well as N-methylmorpholine or N,N-dimethylbenzylamine.
Products in nearly quantitative yields were obtained by introducing planar
heterocycles such as pyridine or N-methylimidazole (fig. 26). Carrying out
a similar reactions with macrocycle 1.13 containing longer bromobutyl
fragments resulted in a significant decrease in the reaction time. The reac-
tion also proceeded with N-methylmorpholine. Considering that the
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nucleophilicity of triethylamine is higher than that of pyridine, this reaction
course is mainly due to steric factors.
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Figure 26. Compound numbers, time and yields of reaction
products 1.10, 1.13 and 1.15 with N-nucleophiles.

NHC complexes of Pd(ll) were synthesized using p-tert-butylthiaca-
lix[4]arene imidazolium salts [39]. Compounds 4.2 and 4.4 were used to
optimize the conditions for the synthesis of the metal complexes (fig. 27). It
was found that the reaction of the macrocycle 4.2 with Pd(OAc), in boiling
dioxane did not start even after two days. Complex 4.21 was obtained in
almost quantitative yield when a similar reaction was carried out with
macrocycle 4.4. Reaction was carried out with other macrocyclic derivatives
of imidazole and N-methylbenzimidazole to give a series of Pd(ll) NHC
complexes.
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Figure 27. Compound numbers, time and yields of NHC-Pd(ll)complexes; structures of

complexes 4.21 (A) and 4.30 (B) according to X-ray data.

Pd(Il) metal complexes based on dibromopropyl-substituted p-tert-
butylthiacalix[4]arene 4.31 were synthesized [41, 42] (Figure 28). The
monosubstituted zwitterionic product 4.32 instead of the expected disubsti-
tuted one was isolated by reaction with N-methylimidazole under conditions
previously defined for quaternization of tetra-substituted p-tert-butylthia-
calix[4]arene derivatives. According to the high-resolution mass spectro-
metry data, the monosubstituted product is formed via the intermediate
disubstituted salt, which is self-dealkylated by nucleophilic attack of the
bromide ion. Pd(ll) PEPPSI-type complexes (Pyridine-Enhanced Precata-
lyst: Preparation, Stabilization and Initiation) were obtained on the basis of
macrocycles 4.32 and 4.33 with imidazolium fragments in good yields.
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Figure 28. Compound numbers, time and yields of quaternized derivatives and
PEPPSI-type NHC-Pd(Il) complexes; structure of 4.32 according to X-ray data.

The catalytic properties for the bis-NHC complexes 4.21 and 4.22 and
their precursors 4.4 and 4.7 in situ with Pd(OAc), were studied in the model
PNP reduction reaction [39] (fig. 29). The use of macrocycles 4.4 and 4.7
resulted in a slight increase in catalytic activity of Pd(OAc),. However, a
significant increase in the specific catalytic activity was observed when
using the prepared complexes 4.21 and especially 4.22. Thus, the 4.22
complex showed activity comparable to the previously shown polymer-
stabilized Pd nanoparticles (fig.24). According to the TEM data, the
treatment of 4.22 with NaBH, produced Pd(0) nanoclusters with a size of
about 2 nm, uniformly distributed on the organic support. This is responsible
for the effective catalysis in the reduction reaction of PNP.
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Figure 29. Plot of In(C/Cy) vs catalytic reaction time for different Pd-containing catalytic
systems. C(PNP) = 0.1 mM, C(NaBH,4) =5 mM, C(macrocycles or Pd(OAc),) = 0.2 uM,
H,0, 25°Cand TEM image of 4.22.
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Thus, herein we presented a universal synthetic approach for the
preparation of vide series of amphiphilic (thia)calix[4]arene compounds,
including bifunctional amphiphiles with polymerizable diacetylene frag-
ments, CUAAC-polymerizable amphiphiles as well as NHC — Pd(ll) comp-
lexes by the use of CUAAC/Menshutkin reactions. A variety of applications
of the obtained systems were demonstrated.
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B Hacrosimeld paboTe MpeACTaBlieH YHUBEPCANbHBIN CHHTETUYECKUI MOAXOM IS
MONMyYeHHsT psAna aMPUQPIIBHBIX (THa)KalIHKC[4]apeHOB, BKIFOYAOIINX OU(PYHKIINO-
HaJIbHBIC aMQUQHITBI C TOTUMEPU3YEMBIMH JHALETIIICHOBEIMA (pparmeHTamu, CUAAC-
nojumepusyembie ampudunsr, a Takke xkomiuiekcel NHC — Pd(Il) myrem ucmosns-
3oBanue peakun CUAAC/MenmyTkrHa. B 0630pe MpoaeMOHCTPUPOBaHbI pa3IndHbIe
HaIpaBJICHUs] IPUMEHEHHUS MOJTYYSHHBIX CHCTEM.
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In this review presents the development of new accessible methods for the synthesis of
substituted 2-aryl- and 2-pyrimidinylprolines, the study of biological properties and the establishment
of a relationship between the chemical structure and biological activity.

Ref. 25, fig. 12, schem. 10.

When constructing the structures of the synthesized compounds, we
proceeded from an approach associated with the synthesis of hybrid
molecules containing structural elements of known natural antibiotics and
other biologically active compounds. These molecules particularly were the
antibacterial antibiotic ampicillin, the natural antitumor antibiotic sarko-
mycin and the HIV none-nucleoside reverse transcriptase inhibitor loviride
(fig. 1).

The study of 2-phenylproline derivatives is limited due to the small
number of available routes for the synthesis of this class of compounds.
Methods described in the literature are laborious, rather sensitive to the
reaction conditions, and do not provide high yields of target products [1-9].

Our proposed route for the preparation of these compounds includes the
synthesis of the corresponding phenylglycine derivatives and intramolecular
cyclization under phase transfer catalysis (PTC) conditions.

The most widely used phase-transfer catalysts are quaternary am-
monium salts, in particular triethylbenzylammonium chloride (TEBA).
According to our proposed method, the intramolecular cyclization reaction
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is carried out under mild conditions, that is, under PTC conditions — in ace-
tonitrile, in the presence of K,COj3 and the phase transfer catalyst TEBA.

N
0
jS b QQ/L
s NH;
N i T¢ H
H Me ! Cl HN Me
NH; N Me
o 0
COOH
Me

ampikillin sarkomycin loviride

N

COOH, C(O)NH, COOH, C{O)NH,
N—Alk, Ar N=H, C{O)Alk

)
Fig. 1
2-phenylproline derivatives
Synthesis of 2-aryl- and 2-pyrimidinylprolines

Ethyl ester of 2-bromo-2-phenylacetic acid or 2-bromo-2-phenylaceto-
nitrile used as starting materials 1, which reacted with 1-amino-3-hydro-
xypropane to give the corresponding aminopropanols, which were further
converted into chlorine derivatives 2 using thionyl chloride. Further
acylation of these compounds with acetic anhydride to the corresponding
acetamido derivatives, followed by intramolecular cyclization under PTC
conditions, and acid hydrolysis resulted in prolines 4 in high yields (scheme
1) [10].

Scheme 1

Qcoom (CN)  1.NH,(CH,);0H Q/COOEt Ny 1.A0
—_—
2.S0Cl, 2.PTC

Br HCI'HN __~___Cl

1 2
H+
COOEt(CN) _~ COOH
. o
N—< NH - HC1
Me
3 4

PTC - TEBA, K,CO;

In order to expand the possibility of using the PTC method, the
synthesis of N-substituted 2-phenyl-5-oxoprolines was carried out. The ethyl
ester of a-bromophenylacetic acid 1 is alkylated with diferent amines. Next,
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the synthesized compounds 5 were acylated with 3-chloropropanoic acid
chloride, followed by intramolecular cyclization under PTC conditions in
the presence of the TEBA catalyst. As a result, ethyl esters of N-substituted
5-ox0-2-phenylpyrrolidine-2-carboxylic acids 6 were obtained, further
hydrolysis of which with sodium hydroxide in methanol leads to the
corresponding carboxylic acids 7 (scheme 2) [11].

Scheme 2
@coom NH,R @/cooEt 1. CI(CH,),C(0)Cl
Br NHR 2. PTC
1 5
COOEt COOH
NaOH
— N—-R N—-R
e}
¢ © 7

PTC - TEBA, K,CO; R=Me;Ph;Bn

In order to study biological properties in series of 2-phenylproline
derivatives, as well as to reveal the relationship between the chemical
structure and biological activity, methods for modifying the pyrrolidine ring
were used and synthesis of new derivatives with different pharmacophore
groups was carried out.

N-substituted 2-arylpyrrolidinecarbonitriles 9 were synthesized by
acylation of 2-(3-chloropropylamino)-2-phenylacetonitrile 8 with substituted
benzoic acid chlorides and further intramolecular cyclization under PTC
conditions (scheme 3) [12].

Scheme 3

CN 1. ArC(0)Cl CN

HCIHN___~_Cl  2.PIC

A\

8 o /X
R=H,2-Cl, 2-Br, 4-Br , 4-ButO , 4-MeO-3-NO,

PTC - TEBA, K,CO;

For the synthesis of the next series of 2-phenylproline derivatives, we
choose a-aminonitriles as starting materials, which were synthesized by one
of the main and widely used methods for the synthesis of aminonitriles by
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the Strecker reaction — by the interaction of aldehydes with amines in the
presence of various cyanide sources.

A number of substituted diferent benzaldehydes were introduced into
interaction with aromatic amines in sodium cyanide - acetic acid system.
Acylation of the obtained a-aminonitriles 10 with 3-chloropropanoic acid
chloride and subsequent intramolecular cyclization under PTC conditions
gave N-substituted 2-aryl-5-oxopyrrolidine-2-carbonitriles 11 (scheme 4)
[12-15].

Scheme 4
R
A
~ /| 1. CI(CH,),C(0)Cl 7~ | -
CN CN
~ 2. PTC N N @
NH \ /
R4 h
Z 10 n©°

R=H; 4-Br ; 2,6-Cl, ; 4-MeO ; 3,4-(MeO), ; 4-iso-PrO ; 2-OBn ; 4-OBn
R! =H ; 2-Me ; 4-Me ; 2-MeO ; 4-MeO ; 3,5-Me,
PTC - TEBA, K,CO;

In the case of interaction of 2-anilino-2-phenylacetic acid ethyl ester 5
or nitrile 10 with «,fS-dichloropropanoic acid chloride and subsequent
intramolecular cyclization under PTC conditions gave chlorine-containing
derivatives, 4-chloropyrrolidones 12 (scheme 5) [16,17].

Scheme 5

COOEt (CN) COOEt (CN)
1. CICH,CH(C))C(O)Cl

HN N
\© 2. PTC

Cl O

5,10 12
PTC - TEBA, K,CO;

The next task was to study the effect of the size of the lactam cycle on
biological activity. In order to reduce the ring size to four, we have carried
out syntheses of the corresponding p-lactams — azetidines, with various sub-
stituents. The construction of the four-membered ring was realized by using
monochloroacetic acid chloride instead of 3-chloropropanoic acid chloride
as an acylating agent. Acylation of acetonitriles 10 with the indicated acid
chloride and subsequent intramolecular cyclization under PTC conditions
gave 2-aryl-4-oxoazetidine-2-carbonitriles 13 (scheme 6) [18].
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Scheme 6

=

s A
“~ | CN 1. CICH,C(0)Cl “~ | oN
R! NR! 2. PTC NO
|\\ ' \ /
Z 10 BT

R=H;4-MeO ; 2-OBn ; 4-OBn ; R!'=H 5 2-Me : 4-Me ; 2-MeO ; 4-MeO ; Bn
PTC - TEBA, K,CO;

We have also obtained carboxamide derivatives 14,15 of 2-arylpyr-
rolidines substituted at both phenyl groups. Hydrolysis of the nitrile group of
pyrrolidinecarbonitriles without affecting the lactam ring was performed by
treating corresponding nitriles 9,11 with concentrated sulfuric acid (scheme

7) [14].
Oﬁ il O&Nl—h
lv_l{2 \RZ
N
Y NY

R3 R3

Scheme 7

R!=H:4-Br;2,6- Clz R?=Ph ; Bn ; 4-MePh ; 4-MeOPh ; 3,5-Me,Ph
R3 = Me ; 2-CIPh ; 2-BrPh ; 4-BrPh ; 4-MeO-3-NO,Ph

The next goal of our research was the synthesis of 2-amino-
methylpyrrolidines 16 by reduction of the nitrile group in 2-arylpyr-
rolidinecarbonitrile 11 molecules. We have developed a new method for the
selective reduction of nitrile group, in which a catalytic metal complex
system was used. Advantages of this method are the reduction of only the
nitrile group and the use of small amounts of metal complex salt and sodium
borohydride. The optimal ratio of reagents are shown (scheme 8) [19,20].
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Scheme 8

R
K | A NH,
NaBH,, CoCl
N CN 4 2 N
N—R! PEG-300 N—R!
n ©° 16 ©

R=H; 2,6-Cl, ; 3,4-(MeO), ; 4-iso-PrO
R!=Ph ; Bn ; 4-MePh ; 3,5-Me,Ph ; 2-OBn ; 4-OBn

pyrrolidinecarbonitrile : CoCl, : PEG-300 : NaBH, - 1:0.2:1:5

Next, we synthesized proline pyrimidinyl derivatives by combining
pyrimidine molecules with the pyrrolidinone pharmacophore cycle. A
method has been developed for the condensation of pyrolidinones with 6-
aminopyrimidine derivatives under Vilsmeier reaction conditions. The
interaction of corresponding 6-aminopyrimidines 17 with pyrrolidinone in
the presence of phosphorous threechloride synthesized 6-amino-5-(pyrrolyl)
pyrimidinones 18, which are pyrimidine analogs of C-azanucleosides.
Similarly, 2-mercapto-substituted 17,19 pyrimidines were reacted with a
pyrolidinone under conditions already described, leading to the formation of
C-azanucleoside analogues 18,21 substituted at various positions of the
pyrimidine ring (scheme 9) [21-23].

Scheme 9

1>C13
O NHR!
17
0
R Hal HN ‘
)\ NaOH 3 /K
H, R3S N NH,
19 20 21

R=H;Me;R'=H;Me;Bn; (CH,);Ph; R2=H ; Ph ; 3,5-Me,Ph ; R* = Pr ; Bn

Another method for the synthesis of pyrrolinylpyrimidine derivatives 23
is the reaction of N-substituted 5-hydroxypyrrolidinones with various pyri-
midine derivatives 22 when heated in glacial acetic acid (scheme 10) [23].
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Scheme 10
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. NHR? CH;COOH
Rl

22
R=H;Me;R'=H;Me;Bn;R?=H ;3,5-(Me0),Ph ; R® = Bn ; 4-MeOPh

Thus, we have carried out the synthesis of new analogues and deriva-
tives of pyrrolidines substituted at various positions of the ring (fig. 2).

Fig. 2

Biological properties of synthesized compounds

The pyrrolidine ring is an important structural moiety of many biolo-
gically active compounds. In order to find antibacterial, antitumor and anti-
viral (anti-HIV) drugs among proline analogues, biological studies of
synthesized 2-aryl- and 2-pyrimidinylproline derivatives were carried out,
the structure-activity relationship was studied and the fragments responsible
for the activity were identified.

Antibacterial activity

Antibacterial properties of the synthesized compounds were carried out
at the “Laboratory of Chemotherapy and Toxicology” of the Institute of Fine
Organic Chemistry of the Scientific and Tecnological Center of Organic and
Pharmaceutical Chemistry NAS RA. In experiments were used follow
microorganisms — St. aureus 209p, St. aureus 1, Shigella dysenteriae
Flexneri 6858, and Echerichia Coli 055.

Among 2-arylpyrrolidines, 2-aminomethyl-1,2-diarylpyrrolidin-5-ones
have a pronounced activity, some of which inhibit the growth of all used
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microorganisms in a zone with a diameter of 20-25 mm, and the remaining
2-aminomethyl derivatives - of medium activity - with a diameter of 18-20
mm.

2-Phenylpyrrolidine-2-carboxylic acids showed average activity d = 17—
19 mm. Derivatives containing 1,2-diaryl-5-oxo- and 1-aroyl-2-phenylpyro-
lidinecarbonitrile and carboxamide groups also possess weak antibacterial
activity (d = 10-14 mm) (fig. 3) [11,13,24].

R R R
A NH, A | K | o
N | COOH N CN N NH,
N-R! N-R! N-R! N—R!
o

O 0] o
20 - 25 mm, 18 - 20 mm 17 -19 mm 10 - 14 mm 10 - 14 mm
R
NH, A 0
CN N | CN NH,
N\]/O N\l/o N—R! N\\/o
R R R
(0]
10 - 14 mm 10 - 14 mm
Fig. 3

Among 2-pyrimidinylprolines, one compound suppressed the growth of
all used microorganisms in the 15-19 mm diameter zone, the rest did not
show antibacterial activity (fig. 4).

X=SBn; SPr; C=S; C=0

Fig. 4
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Summarizing the results of studying the antibacterial properties of the
studied compounds, we can highlight certain patterns of the relationship
between the chemical structure and antibacterial activity:

1,2-Diaryl-5-oxopyrrolidines are relatively more active than 1-
aroyl-2-phenylpyrolidines

In contrast to 5-membered cyclic compounds — pyrrolidines, 4-
membered cyclic derivatives — azetidines are little or no activity
Me-, iso-PrO- and BnO- substituents in aryl fragments of 1-st
and 2-nd positions of the pyrrolidine ring contribute to increased
activity

Among 2-arylpyrrolidines containing carboxamide-, nitrile-,
carboxy- and aminomethyl- groups, an increase in antibacterial
activity was observed in the following order of substituents:
C(O)NH; < CN < COOH < CH;NH,

Among pyrimidinylprolines containing oxo-, thiooxo-, propylt-
hio- and benzylthio- groups, an increase in antibacterial activity
was observed in the following arrangement of substituents:
C=0<C=S<PrS<BnS.

Antitumor activity

Biological studies of antitumor properties of synthesized compounds
were carried out at the “Laboratory of Chemotherapy and Toxicology” of
the Institute of Fine Organic Chemistry of the Scientific and Tecnological
Center of Organic and Pharmaceutical Chemistry NAS RA. Antitumor
activity was studied in mice with transplanted tumors sarcoma — 37, sar-
coma — 180 and Ehrlich's ascitic carcinoma. Some of more active com-
pounds have been tested in rats with sarcoma — 45.

Studies

have shown that 2-phenylpyrrolidinecarboxylic acids are practi-

cally non-toxic (LD1go 3000 and 4000 mg/kg) compounds and exhibit anti-
tumor activity against sarcomas 45 and 37, suppressing their growth 42 —
49% (fig. 5) [13].

/R /R
7z = A NH,
N COOH N CN X
N-R! N-R! N-R!
o [¢] (o]
LDy = 3000 - 4000 mg/kg LD;g9 = 2200 - 2500 mg/kg LDy =850 - 1050 mg/kg
S-45,8-37 (42 -49 %) S-37(53-59 %) S - 180, S - 45 (40 - 45 %)

EAC-(52-57 %)
S-180,S-45,S-37(32-45 %)
EAC - (35-38 %)

Fig. 5
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Derivatives of 2-arylpyrrolidinecarbonitriles and 2-arylpyrrolidinecar-
boxamides have low toxicity (LDigo = 2200-2500 mg/kg). Carboxamide
derivatives from this series suppress the growth of sarcoma 37 by 59 and
53% and extend the average lifespan of mice by 52-57%. The remaining
compounds show a weak effect on the growth of all type sarcomas.

2-Aminomethyl-1,2-diarylpyrrolidines suppress tumor growth against
sarcomas 45 and 180 by 40-45%, but are toxic (850-1050 mg/kg) com-
pounds. 2-Pyrimidinylproline derivatives exhibit weak antitumor properties.

Summarizing results of the antitumor properties of studied compounds,
some patterns of the relationship between the chemical structure and
antitumor activity can be distinguished:

- Here too, 1,2-diaryl-5-oxopyrrolidines, as in antibacterial studies, are
more active than 1-aroyl-2-phenylpyrrolidines
Among compounds containing aminomethyl-, nitrile-, carboxamide-
and acid- groups, an increase in antitumor activity was observed in the
following sequence of agents:
CH2NH; < CN < C(O)NH; < COOH.

Anti-HIV studies

First, a little about current approaches to HIV drug discovery. The
problem of drug therapy against the human immunodeficiency virus is to
affect one or more stages of the life stages of virus reproduction with the
help of chemical compounds with a certain structure. One prime target is the
enzyme reverse transcriptase. Reverse transcriptase inhibitors interact with
chemical groups of the active center of the enzyme, block its activity.

Loviride and its derivatives belong to the group of non-nucleoside
reverse transcriptase inhibitors (NNRTIs). 2-Arylpyrrolidines synthesized by
us are the cyclic derivatives of the latter. According to crystallographic
studies, compounds of the NNRTIs class, whose structure is visibly similar
to the "butterfly" conformation, show effective inhibition of reverse
transcriptase enzyme (fig. 6).

X-ray structural studies of a number of synthesized 2-arylpyrrolidine
derivatives were performed, in which structures of molecules are visibly
similar to the "butterfly" conformation.

On the other hand, nucleoside reverse transcriptase inhibitors (NRTIS) -
are known and widely used. One of drugs in this group was the 3'-azido-
2',3'-dideoxythymidine (AZT), which is a derivative of the pyrimidine
nucleoside thymidine (slide XXX). In this sense, 2-pyrimidinylprolines
synthesized by us can be considered as C-azanucleosides (fig. 6).

384



NH; \x\h

]
Cl-a-APA 10

BNy

“H,

Loviride "butterfly" conformation AZT
NNRTIs inhibitor NRTIs inhibitor

Fig. 6

Biological studies on anti-HIV activity were carried out at laboratories
of “Biochemical Pharmacology” of the Center for AIDS Research and
Emory University School of Medicine (USA). Compounds were evaluated
for their potential toxic effects on uninfected PHA-stimulated human PBM
cells, in CEM (T-lymphoblastoid cell line) and Vero (African green monkey
kidney) cells.

As a result of anti-HIV studies, it was found that 20 of the tested
compounds show good activity and their effective concentration ECs, < 20
uM, but the aforementioned compounds are inferior in their activity to the
control drug AZT. Some of the most active compounds are demonstrated in

fig. 7-9 [15,25].
Cl o Me\(l\’le K©
NH, 0. 0.
Me oN cN
O O
Me O O
ECso =0.43 uM ECso =5.2 uM ECso = 16.7 uM

Cl HN

Fig 7

ECs0=2.0 uM ECs0=35.3 uM ECs0=10.8 uM

Fig 8
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The NNRTIs inhibitor molecule must correspond to the spatial relief of
the active site of the enzyme and the nature of the chemical groups. Accor-
ding to the molecular docking data, two examples of molecules of active
compounds in the active center of the reverse transcriptase enzyme are
shown (fig. 10,11).

Fhe 225
TroRZ 0
TI88 Veu2

Ty gt [

Me Me 3
A
T () vel1o6
7 X Pro 236
.

e Tyi 318
\"8.7
13103

Lys 101
Val 179

Fig. 10
Molecules in the active center of the enzyme

Pro 236 Leu T34
= Nal 106
a0y = '
Y /]
5T 3Ly .
Up 229

Ly 101

Tyr 181
L7

Fig. 11
Summarizing results of the investigation of antiviral properties of the

studied compounds, some patterns of the relationship between the chemical
structure and anti-HIV activity:
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Among derivatives of 2-arylpyrrolidines, the presence of methyl
group in 4- or 3,5-positions of the aryl fragment of the 1-st position
of the pyrrolidine ring, as well as the presence of benzyloxy- and
isopropoxy- groups in the aryl fragment of the 2-nd position of the
pyrolidine ring increase anti-HIV activity
Among compounds containing nitrile-, aminomethyl- and carboxa-
mide- groups, an increase in anti-HIV activity was observed in the
following order of substituents:
C(O)NH; < CH;NH, < CN
In series of 2-pyrimidinylpyrrolidines, the best results were
demonstrated by derivatives, in whose structures the presence of a
benzyl fragment in the 1-st position, an aniline fragment in the 6-th
position, and a pyrrolidine fragment in the 5-th position of the
pyrimidine ring play a huge role in the manifestation of anti-HIV
activity, the latter modification leads to a sharp increase in the
biological activity of compounds.

Summarizing results of all biological studies of synthesized 2-aryl- and

2-pyrimidinylprolines, we can state following (fig. 12).

Z K
) .
N—R?
(0]
X
antibacterial activity - R =i-PrO, BnO
R! = CH,NH, anti-HIV activity - R>=Bn
R? = 4-MePh, 3,5-Me,Ph R* = H; 3,5-Me,
antitumor activity - R!= COOH, C(O)NH, X-C=0

anti-HIV activity - R =i-PrO, BnO
R!'=CN
R? = 4-MePh, 3,5-Me,Ph

Fig. 12
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CUHTE3 U BUOJIOT'MYECKUE CBOMCTBA HOBBIX 2-APWJI- U
2-IMMMPUMHUIUHHUJIITPOJIMHOB

C.II.TACIIAPSIH, M. B. AIEKCAHSAH

Hay4Ho-TexHONOrNYeCKU HEHTp
opranndeckoi u ¢apmareBrideckoit xumur HAH PecniyOinku Apmenus
Apwmenus, 0014 Epesan, np. Azatytss, 26
E-mail: g_sahak@yahoo.com
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This review presents the data on the general synthetic methods for dithiomalondiamides with
the focus on the chemistry of dithiomalondianilide. This work is based on a conference paper
“Active methylene thioamides and selenoamides as versatile building blocks in heterocyclic
chemistry” presented at «New Emerging Trends in Chemistry» Conference (NewTrendsChem-
2023) (September 24-28, 2023, Yerevan, Armenia).

1. Introduction

Active methylene thioamides are routinely used for synthesis of various
functionalized N,S-heterocycles such as 2-mercapto(2-thioxo)pyridines [1—
6], 4H-thiopyrans [7,8] and thiochromones [9], thiazolines [10], isothiazoles
[11,12], 1,2,4-dithiazoles [13], 1,2,3-thiadiazoles and 1,2,3-triazoles [14,15],
thieno[2,3-b]pyridines [16-21], 1,3,5-thiadiazines [22,23] many of which
are shown to be promising organic semi-conductors, fluorescent dyes, drugs,
agrochemicals etc.

While the chemistry of cyanothioacetamide NCCH,C(S)NH, [24-27]
and B-ketothioamides [27,28] is quite well developed, less attention has been
paid to the chemistry of active methylene thio- and dithiomalonamides
despite the fact that the latter show often quite different behavior resulting in
unique products. Thus, the chemistry of the readily available dithiomalon-
dianilide (N,N'-diphenyldithiomalondiamide) is considered in only a few
dozen papers. The aim of this microreview is to popularize the chemistry of
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these reagents and to demonstrate the synthetic potential of dithiomalo-
namides.

2. General approaches to preparation of dithiomalonamides

One of the most obvious approaches to the synthesis of dithiomalon-
dianilides is based on the action of tetraphosphorus decasulfide (P4S10) on
N,N'-diphenylmalonamide 2 in anhydrous solvents such as dioxane or
toluene (schem. 1) [29].

Scheme 1
P4S10
o O dioxane or S S
Ph\HM”,PhZ toluene Ph\”/U\/U\H,Ph 1

N,N'-Diphenyldithiomalonamide 1 is a yellow powder (m.p.150-152°C),
readily soluble in acetone, DMF, ethyl acetate, DMSO, sparingly soluble in
ethanol, insoluble in water and ethers [30].

Upon treatment with P,S;o in dioxane, diazomalondiamide 3 undergo
transformation to the unsubstituted dithiomalonamide 4 [31] (schem. 2).
However, it is obvious that this approach is not effective and cannot be used
for the large-scale synthesis of dithiomalonamides.

Scheme 2
@) S
HZNJg_(o P4S10 H2N4<_48
3 dioxane 4
N,  NH, NH,

Lawesson's reagent (2,4-bis-(4-methoxyphenyl)-1,3-dithiadiphospheta-
ne-2,4-dithione) (LR) is a more effective thiating reagent superioir to P4Syo
[32]. Dithiomalonanilide 1 can be prepared by theatment of the corres-
ponding amide 2 with LR in hexamethylphosphortriamide (HMPA) at 80-
100°C (schem. 3) [33].

Scheme 3
Ph LR, HMPA Ph, S
NH 80-100 °C NH /S\,F’OOCHa
O:<_<O S:<_<S LR = H3CO /,P\S
- g
2 NH 1 NH
PH Ph
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A better approach to the preparation of unsubstituted dithiomalonamide
4 is based on the reaction of hydrogen sulfide with malononitrile 5. The
reaction readily occurs in absolute ethanol at —10°C and catalyzed by
potassium ethoxide formed in situ from potassium metal and cold EtOH
(schem. 4) [34].

Scheme 4
A H,S, EtOK NH,
EtOH S S
B ———
\\N 5 4 NH,

In a similar way, substituted dithiomalonamides 7 can be prepared using
substituted malononitriles 6. The synthesis is carried out at room tempe-
rature and catalyzed with potassium ethoxide. The reaction mixture was
treated with hydrogen sulfide at elevated pressure (schem. 5) [35].

Scheme 5
S
1 H,S, EtOK NH,
R R EtOH R
6 \\N H,N

R = H, Me; R! = Me, Et, Ph, Bn.

Also, the method based on the treatment of arylamines 8 with carbon
subsulfide C3S, useful for preparation dithiomalonamides 9 was described in
the early literature [9] (schem. 6). However, this method is used quite rarely
due to the instability of C3S; and low yields of the products.

Scheme 6

Ar\

NH

C3S, PhH, t° Sz«_j
Ar-NH, -

9 NH
Ar

The best and most handy approach to the preparation of dithiomalonic
acid diarylamides 9 includes the reaction aryl isothiocyanates with sodium
acetylacetonate 11. The latter can be prepared in situ by dissolving acety-
lacetone 10 in absolute ether followed by treatment with sodium metal dust
(schem. 7). The yields of the products 9 in this reaction are almost
quantitative [10].

392



Scheme 7

0 Na, Et,0 0O ArN=C=S
H30—<_<CH3 EtOH H30>_>\~CH3 EOH
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N N H-.C S ArN=C=8
A Y Ar_BtONa | T EtOH CHa
S S ArHN / HN-Ar \ NHAr
9 SNa NaS

Dithiomalonamide 4 can be prepared by the recyclization of 4-aryl-2,6-
diamino-4H-thiopyran-3,5-dicarbonitriles 12 upon treatment with hydrogen
sulfide in pyridine in the presence of EtsN. The yields vary in the range of
70-79%, though the method cannot be considered as atom-economic
(scheme 8) [38].

Scheme 8
Ar S
N N
N Z H,S, Et;N, Py HoN NH,
] 12 -
H,N" S NH, 4 S

The paper [39] describes a method for preparation of dithiomalonic acid
dimorpholide 18. The starting substrate is dithioacetic acid 13, which was
treated with strong bases such as butyl lithium or LDA to form dianion 14.
When treated with CS, at 20 °C this dianion afforded tetrathiomalonic acid
trianion 15. The latter via tetraanion 16 and dithiethane 17 gave dithioma-
lonic acid dimorpholide 18 (schem. 9).

Scheme 9
@ O
S .2l g S
2, Buli CS, S ©
SH Se 20 °C {:< > C (@
13 14 15\

o™ o @H lcsz then Mel
MeS x-S S
18 S S mMSML7
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3. The reactions of dithiomalonamides

3.1. Preparation of 1,2-dithiol derivatives

As it was shown in the paper [40], dithiomalondianilide 9 can be easily
oxidized to form cyclization products, 1,2-dithiols. Dithiols were found to
react esily with alkali or acids, reducing agents, hydrazine, bromine to give a
couple of heterocyclic products 19-24 (schem. 10).

Scheme 10
ArHN o ArHN
— Br Br2 S S 9 ZBr2 Br 21
_ —
19 S 1@ H ArHNMNHAr S, @ H
S ITJ B@ 87 N
r |
P Ka{Fe(CN)s} Tzh, HCl Ar
NaOH ACOH o, J on
ArHN CTC) s-S Ar
NaOH o L )—NHAr NS
S @y ——* N s 24
22 A HCI 20 ArHN B
NoH, =N NHAr
\_NH
ArHN 23

Ar = Ph, 4-MeCgH,.

The oxidation of dithiomalonamides 9 to 1,2-dithiols 25 can be initiated
with thionyl chloride [41] (schem. 11).

Scheme 11
H H H
R/NWN\R SOC|2’ MeCN, r.t. R [lj 25
> \ ~ ~
HN— T @R ©
S S 9 cl

s-S

The products of Knoevenagel condensation of aldehydes with dithioma-
londiamides 9, e.g. compounds 26, under similar conditions also react to
provide functionalized 1,2-dithiols 27 [41] (schem. 12).

Scheme 12
H H PhCHO. EtOH Ph K3{Fe(CN)s, NaOH Ph H
. . , H H EtOH,5°C |
ROY Yy R ———— f R - RN A
S S 9 R R N= ®R o
S S 26 S-S 57 A
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The reaction of dithiomalonamide 4 with aryl diazonium salts was
reported [42]. As a result, arylhydrazones of dithiomesoxalic acid diamides
28 were formed in good yields. The oxidation with bromine in chloroform
leads to the formation of 4-arylazo-1,2-dithiolium bromides 29 (schem. 13).
Compounds 28 are of special interest due to antimicrobial, pesticide and
fungicidal activity of close analogs [43].

Scheme 13
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When reacted with iodine, dithiomalonamide 9 undergo oxidation
reaction to afford 1,2-dithiols 30 (schem. 14) [44]:

Scheme 14
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Dithiomalonamides 31 undergo oxidation by hydrogen peroxide in the
presence of strong acids HX (X = CI, Br), or FeBr;x6H,O and
Fe[ClO4]3x6H,0 in aqueous solution to give pseudoaromatic salts 32
(schem.15) [45, 46].

Scheme 15
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1,2-Ditiolium salt 35 was prepared by the reaction of tin(I\V) chloride 33
with N,N'-diethyl dithiomalondiamide 34 [47] (schem. 16). The product was
purified by recrystallization from benzene.

Scheme 16
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Earlier we found that dithiomalondianilide 1 reacts with arylidene
malononitriles in the presence of morpholine in hot EtOH to give
[1,2]dithiolo[3,4-b]pyridine-5-carbonitriles 36 [48]. Further studies showed
that dithiomalondianilide 1 reacts with 3-aryl-2-cyanoacrylates [49] and
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3-aryl-2-cyanoacrylamides [50,51] to give similar [1,2]dithiolo[3,4-b]pyri-
dine-5-carbonitriles 37,38 in moderate yields (schem. 17). Dithiomalon-
dianilide 1 reacts with arylidene Meldrum’s acids (or, in three-component
one-pot manner, with aromatic aldehydes and Meldrum’s acid) to afford
stable Michael adducts 39 [52,53]. Upon long term heating, adducts 39
undergo cyclization with simultaneous partial oxidation to result in a
complex mixtures consisting of adducts 39, pyridine-2-thiolates 41 and
tetrahydrodithiolopyridines 40 [52].
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3.2. Synthesis of thiazoles

Dithiomalondianilides 9 reacts with ethyl chloroacetate in the presence
of sodium acetate to form thiazolidinones 42 in 30-55% yields. The reaction
proceeds as the Hantzsch-type thiazole cyclization (schem. 18) [54].

Scheme 18
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When heated with ®-bromoacetophenone, dithiomalondianilide 1 gives
3,3-diaryl-1,4,4-diphenyl-2-methylenedithiazole monobromide 43 regardless
of the ratio of the reagents used (schem. 19) [55].
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Scheme 19
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Unsubstituted dithiomalonamide 4 and N-monosubstituted analogs
react with dialkyl acetylenedicarboxylates to provide thiazoles 44 [41]
(schem. 20):

ZT
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At the same time, N,N'-disubstituted dithiomalonamides 9 react either
with acetylenedicarboxylic acid in ethanol, or dimethyl acetylenedicar-
boxylate (DMAD) in acetone at only one thioamide fragment to give
thiazolidin-4-ones 45 (schem. 21). The reaction proceeds smoothly at 0 °G at
elevated temperatures resinification was observed [41].

Scheme 21
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The reaction of dithiomalonamide 4 with a-bromo-4-acetyl-2,6-di-tert-
butylphenol 46 in methanol afforded 2,2'-methylene-bis-4-(3",5"-di-tert-
butyl-4"-hydroxyphenyl)thiazole 47 (schem. 22). The resulting product can

be used as a polymer stabilizer [56].
Scheme 22
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3.3. Synthesis of 1,3-dithiine derivatives

Both dithiomalonamide 4 and dithiomalondianilide 1 readily react with
benzoyl- and thenoyl-2-acetylenes 48 in acidic medium to form the products
of formal double S,S-Michael addition — 1,3-dithiin-6-iminium perchlorates
49 (schem. 23). The synthesis proceeds in glacial acetic acid at 20 °Cin the
presence of an equimolar amount of HCIO,. Authors claimed that in the
absence of perchloric acid unidentified compounds are formed [57]. Pre-
sumably, the reaction proceeds through the formation of intermediate keto
vinyl sulfide 50 due to S-nucleophilic Michael-type attack of thioamide
mercaptoimine tautomer on the electron-deficient B-carbon atom of the
starting activated acetylenes 48. Dithiomalonamide 4 and dianilide 1 form
1,3-dithiines 51 by reaction with substituted acetylene ketones 52 in glacial
AcOH at 90°C in the presence of HCIO, (schem. 23) [58,59]. The
mechanism seems to be similar to the one described above.

Scheme 23
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As it was reported [60], dithiomalondianilide 1 reacts with methyl propio-
late 53 in AcOH at 65 °C'in the presence of perchloric acid to form 4-anilino-2-
methoxycarbonylmethyl-1,3-dithiin-6-phenyliminium perchlorate 54 in 42%
yield and dithiomalonamide perchlorate 55 in 27% yield (schem. 24).

Scheme 24
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Noteworthy that 1,3-dithiine 54 could not be prepared by heating
dithiomalonamide perchlorate 55 with methyl propiolate 53. Perchloric
acid’s role in crucial as a catalyst for this reaction: HC1O,4 protonates methyl
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propiolate molecule 53 thereby increasing the partial positive charge on
acetylene carbon atom to increase its electrophilicity which promotes
significantly further reaction with S-nucleophile — dithiomalonedianilide 1.
In the absence of perchloric acid, the reaction of dithiomalondianilide 1 and
methyl propiolate 53 proceeds with the formation of 4-anilino-2-metho-
xycarbonylmethyl-6-phenylimino-1,3-dithiine 56 but in very low yield, up
to 5% (schem. 25) [60].

Scheme 25
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The authors of the paper [61] reported that the reactions of dithioma-
lonamide 4 or dithiomalonic acid dianilide 1 with 1-bromo-2-benzoyl- and
1-bromo-2-(2-thenoyl)acetylenes 57 in acetone or acetic acid resulted in the
formation of 6-amino(anilino)-2-(2-oxo-2-phenylethylidene)-1,3-dithiin-4-
iminium(phenyliminium) bromides 58. Upon treatment with an aqueous
ammonia solution, 1,3-dithiine salts 58 released free 1,3-dithiine base 59
(schem. 26).

Scheme 26
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3.4. Other reactions of dithiomalonamides

The Guareschi-Thorpe-type synthesis of 3-thioxo-2,3,5,6,7,8-hexahyd-
roisoquinoline-4-carbonitriles 63 starting from dithiomalondiamide 4 and
enamino ketone 60 was reported in the paper [62] (schem. 27). At the first
stage, nucleophilic substitution of morpholine fragment occurs to give inter-
mediate 61. Next, after intramolecular dehydration resulted in the formation
of isoquinoline-4-thiocarboxamide 62, elimination of hydrogen sulfide from
the thiocarbamoyl group occurs to give nitriles 63. The structure of the
products 63 was confirmed by IR spectroscopy and NMR spectroscopy data.
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Scheme 27
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A.R. Katritzky reported [63] the reaction of dithiomalonamide 4 with
2,3-dichloro-1,4-naphthoquinone 64 leading to 1,2-bis(4,9-dioxo-
naphtho[2,3-d]thiazol-2-yl)methane 65. Compounds 65 are promising
starting molecules for preparation of new quinone dyes. As it was reported,
the reaction proceeds smoothly in EtOH in the presence of potassium
carbonate (schem. 28). The structure of the product was proven using NMR
spectroscopy [63].

4
S NH> KoCOg,
EOH,5h W
+
O
Cl
LT w
Cl

O

Scheme 28

The only isolated product of the reaction of dithiomalonamide 4 with
benzoyl acetylene 66 was reported to be 3,3'-dithiobis-1-phenylprop-2-en-1-
one 67 [64]. The reaction proceeds in Et,O in the presence of EtzN in 39%
yield (schem. 29). The structure of this product was confirmed by IR
spectroscopy and NMR spectroscopy.
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Scheme 29
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When benzenesulfonyl azide 68 reacts with dithiomalonamide 4 or
dithiomalondianilide 1, 5-amino-1,2,3-thiadiazole-4-carbothioamides 69,70
are formed in good yields. The reaction proceeds in the presence of sodium
ethoxide (schem. 30). The structure of the products was proven using IR
spectroscopy, NMR spectroscopy and mass spectrometry data [65]. In the
case of unsymmetrically substituted dithiomalonamides, isomeric 1,2,3-thia-
diazoles are formed.

Scheme 30
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In contrast to compound 1, N,N'-dialkyl substituted dithiomalonamides
9 react with DMAD to form 3-oxothien-2(3H)-ylidene derivatives 71. The
reaction presumably proceeds through the formation of an intermediate 72.
Intramolecular hydrogen bonds in the intermediate 72 favors further
condensation (schem. 31). According to X-ray diffraction data, the product
has a flat structure that can be explained by intramolecular hydrogen bonds
and weak interatomic interactions between heteroatoms [66].

Scheme 31
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Dithiomalonamides 9 are good starting molecules for the synthesis of
valuable 3,5-bis(arylamino)pyrazoles 73. Thus, when treated with hydrazine
in hot EtOH, N,N'-substituted dithiomalonamides form desired pyrazoles in
good yields (schem. 32) [35].

Scheme 32
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(1-Amino-3-(morpholin-1-yl)-1,3-propanedithione) 74, prepared by the
treatment of cyanothioacetamide 75 with two-fold excess of morpholine,
was reported to be a good starting platform for the preparation of a couple of
heterocycles [68] (schem. 33).
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As an active methylene compound, thioamide 74 reacts under Knoeve-
nagel conditions with cinnamaldehyde to give compound 76. Alkylation
with Mel leads to enamino thiomorpholide 77. Thiazoles 78 and 79 were
prepared by reaction with active a-halo carbonyls [68]. The structure of the
new products was proven by means of mass spectrometry, IR and NMR
spectroscopy.

The reaction of N,N,N',N'-tetrasubstituted dithiomalonamides 18,80
with carbon disulfide and sodium hydride occurs at active methylene group
and leads to the formation of sodium dithiocarboxylates 81-82. The latter
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upon treatment with either 1,2-dibromoethane or iodomethane afforded
methylene dithiomalonamides 83 (schem. 34) [69].

Scheme 34
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3.5. Complex compounds based on dithiomalondiamides

Acting as bidentate ligands, dithiomalonamide and its derivatives can
form complex compounds with many transition metals. Many of the
resulting complexes have similar properties. They are diamagnetic and can
be neutral or cationic. Cationic complexes have a flat square configuration
around the complexing metal, which is confirmed by electron spectroscopy
data [70]. The structural formula of the square-type complex cation is
presented in schem. 35.
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In strongly acidic media, only sulfur atoms act as coordination centers.
Strong polarity of thiocarbonyl group, delocalization of electrons due to
conjugation and the “softness” of complexing metals — for example, Pd (1)
and Pt (II) — strongly favor the S-coordination. The S,S-coordination of
dithiomalonamide complexes was confirmed by X-ray diffraction data.

In cationic complexes, the exact location of the counterions has not been
determined, but according to IR spectroscopy data, one can assume that the
counter ions form hydrogen bonds with amino groups of the complex cation,
and the amino groups have a partial ammonium character [70].

With nickel cations, dithiomalonamide 4 (HL = Hdtma) and diphenyl-
dithiomalonamide 1 (HL = Hdpma) form: diamagnetic flat red complexes
Ni(dtma),, Ni(dpma),, Ni(Hdtma),X,, where X = ClI, Br, I, ClO,4, and also
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Ni(Hdpma),X,, where X = 1 or CIO; paramagnetic octahedral green
complexes Ni(Hdpma)s;X,, where X = CI, Br or CIO, and paramagnetic
complexes, presumably [Ni(HL)2][NiX;] (X = Br, I), containing a planar
cation and a tetrahedral anion. NiL, complexes were prepared by reacting
the ligand and nickel acetate dissolved in ethanol or DMF at 5°C The
NiL,X, and NiL3X, complexes are prepared similarly, adding the corres-
ponding acid HX dissolved in HOAc or EtOH (X = CI, Br, I, ClO,) to the
reaction mixture. The cationic red complex [Ni(HL)2]Cl; is capable to trans-
form into green complex [Ni(HL),Cl;] in the solid state; the transformation
occurs in moist air, whereas in a vacuum or dry atmosphere this process
does not occur [71, 72].

Different types of palladium complexes can be prepared as follows:

1. PdL,, where L is the dtma (dithiomalonamide 4) or dpma (dithio-
malondianilide 1) ligand, is prepared by reacting palladium hydro-
xide Pd(OH), with the ligand dissolved in AcOH in a molar ratio of
1:2.

2. PdL,x2DMF is prepared by adding diethyl ether to a solution of the
PdL, complex in dimethylformamide.

3. Pd(HL)2X; and PdHLX;, where X = Cl, Br, I, ClIO,4, were prepared
by reaction of PdX;, or Pd(OH); in ethanol or aqueous ethanol with a
ligand in the presence of HX.

Complexes of palladium with dithiomalonamides differ in stoichiometry
depending on the medium from which they were isolated. Internal PdL,
complexes were isolated from glacial acetic acid. Cationic Pd(HL),X, and
neutral PAHLX, complexes were isolated from strongly acidic media, in
which the undissociated form of the ligand predominates. All the isolated
complexes are diamagnetic. They are insoluble in non-polar solvents;
internal complexes are soluble in polar solvents such as DMF, 2-metho-
xyethanol (methyl cellosolve) or ethanol to reach the concentration being
10 M; cationic and neutral complexes are soluble only in DMF [73, 74].

Zinc complexes were prepared by mixing a warm solution of zinc salt
ZnX,, where X = ClI, Br, I, ClOy4, with a warm solution of a ligand (Hdtma,
HMe,dtma, HPh,dtma) in EtOH or AcOH. According to IR spectroscopy
data, Zn complexes such as Zn(Hdtma)X, and Zn(HPh,dtma)X, have S,S-
type of coordination, while complexes Zn(HMe,dtma)X, have an S,N-
configuration. It was explained by the positive inductive effects of methyl
groups, which increases the electron density on nitrogen atoms [75].

The platinum dithiomalonamide complex Pt(Hdtma), was prepared by
adding a warm aqueous solution of sodium tetrachloroplatinate (1) to a hot
aqueous solution of dithiomalonamide and sodium acetate trihydrate [76].

Silver complexes were prepared by mixing warm solutions of a ligand
HL (HL = Hdtma, HMe,dtma, HPh,dtma) and a silver salt containing a
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certain amount of the corresponding strong acid [77]. Thus, AgHLX
complexes (X = Cl, Br, I) were prepared by reacting silver acetate AGQOAC in
aqueous AcOH with a ligand HL dissolved in AcOH with the addition of the
corresponding acid HX. Another type of silver complexes, Ag(HL)3X, (X =
ClOy4, BH,), were prepared by reacting the ligand HL in AcOH with an
aqueous solution of silver acetate AgOAc with the addition of the corres-
ponding strong acid HX [77].

Copper complexes were prepared in a similar way:

1. Cu complexes HdtmaX (X=Cl, Br, I, ClO,) are formed by the
reaction of copper (I) oxide Cu,O dissolved in the corresponding
acid HX and a solution of the Hdtma ligand in AcOH [77]. All the
complexes of this type are soluble in DMF; the perchlorate complex
is also soluble in methyl cellosolve and methanol.

2. Complexes Cu(HMe,dtma),X (X = Cl, Br, I, ClO,4) were prepared by
reacting an EtOH solution of copper (1) oxide Cu,O with the
addition of HX and a solution of the ligand HMe,dtma in AcOH.
These complexes are soluble in DMF; the perchlorate complex is
also soluble in methyl cellosolve, methanol, nitrobenzene and ace-
tone.

3. Complexes Cu(HPh,dtma),X (X = Cl, Br, 1) were isolated by adding
copper oxide (1) Cu,O to a solution HPh,dtma in EtOH, containing
the corresponding acid HX. The compounds are soluble in DMF; the
bromide complex is also soluble in methyl cellosolve and chloro-
form.

According to IR spectroscopy data, the complexes of Ag(l) and Cu(l)

have an S,N-configuration and are electrolytes [77].

Interesting methods for preparation of Cu(ll) complexes using template
synthesis were described in the papers [78, 79]. In the classical method of
Cu(Il) complex compounds synthesis, only the complex with S,S-coor-
dination 84 was isolated when dithiomalonamide 4 was taken as a ligand

(schem. 36).
S HN NH
ﬁ CuCl, S s
NH,  EtOH, H,0 Cu 84
%
H,N NH,

H,NTSs 4

Scheme 36

However, any attempts to isolate S,N-complexes failed under usual con-
ditions, since at low temperatures the reaction is too slow but with increa-
sing temperature the formation turns out to be thermodynamically prohibit-
ted. The authors [78, 79] succeeded to prepare S,N-complexes 85 using
template synthesis approach with gelatin-immobilized matrix implants based
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on hexacyanoferrates (II) of various p-, d- and f-elements (MHF-GIM). A
copper ion Cu®" acts as the template and carbonyl compounds, for example,
formaldehyde, were used as auxiliary reagents that “cross-link™ the resulting
metallocycle (scheme 37). The structure of the complex compounds was
confirmed using IR spectroscopy and mass spectrometry data.

Scheme 37
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As it was shown in the dissertation [80], similar complexes 86 of
dithiomalonamide 4 with the S,N-coordination pattern can be prepared with
nickel usiang diacetyl as an auxiliary reagent (scheme 38). When attempting
to perform the template synthesis in a gelatin-immobilized matrix based on
nickel (I1) hexacyanoferrate, the reaction does not proceed.

Scheme 38
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Antimony and bismuth form trihalide complexes with dithiomalonamide
4, N,N'-dimethyl- and N,N'-diphenyldithiomalonamide 1: LMX3, where L =
Hdtma, HMe,dtma, HPh,dtma; M = Sb, Bi; X = CI, Br, I. The reaction
occurs in dichloromethane with the addition of a small amount of acetone.
Complexes of this type are neutral and have S,S-configuration; their struc-
ture was proven using IR spectroscopy and mass spectrometry data [81].

4. Biological activity and practical use of dithiomalonamides

Some complex compounds containing dithiomalonamide 4 and its
derivatives as ligands were used as fungicides against such common fungal
infections as botrysis gray caused by Botrytis cinérea and downy mildew of
grapes [82]. Substituted dithiomalonamides are quite effective corrosion
inhibitors for AISI 304SS stainless steel. The corrosion inhibition effects
was determined at various concentrations in a HsPO,—HCI mixture at 25°C
using a potentiostatic method. The most effective inhibitor is 1,5-di-p-
methylphenyl-2,4-dithiomalonamide [83]. Dithiomalonamide complexes
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containing trivalent and tetravalent manganese, as well as bis(1,5-diaryl-2,4-
dithiomalonamido)-dioxomolybdenum (V1) complexes, can be used as
corrosion inhibitors, rust and oxidation inhibitors [84,85].

Dithiomalondianilide 1 is useful reagent for accurate and selective
gravimetric determination of cobalt and nickel [30]. N,N'-dimethyl-N,N'-
diphenyl-dithiomalonamide and N,N'-dimethyl-N,N'-dicyclohexyldithioma-
lonamide are effective agents for extraction of silver Ag(l) from aqueous
chloride phases. However, the use of these reagents has a limitation — they
are non-selective with respect to Ag () if Cu (I1) and Fe (111) are present in a
solution [86].

The addition of N,N'-disubstituted dithiomalonamides to paraffin oil,
which is a lubricant, significantly increases the wear resistance of machine
parts [87, 88].
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HAINIMOHAJIBHASI AKAJJEMUSA HAYK PECITYBJIMKU APMEHUSA
NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA

XUMUYECKHUH )KypHaT ApMEHUU 76, Ne 4, 2023 Chemical Journal of Armenia
Me:xnyHapoaHas Hay4Has KOH(epeHIHA
«New Emerging Trends in Chemistry»

C 24 no 28 centsa6ps 2023 r B Epesane, B 3nanuu [Ipesunnyma Hamwo-
HaJIbHOHN akaZieMud HayK PecmyOnmvku ApMeHHs TPOXOIWiIa OOJNbINas MEXIY-
HapoaHas koHpepenuust «New Emerging Trends in Chemistry» (HoBbie TeH-
JCHIIMU B XUMUH). UTHUIIMATOPOM HIeH MPOBEIEHHsI TaKoi KOH(epeHH BbIC-
tynmn akagemuk PAH B. AnanukoB. Opraanzaropamu ¢opyma sisisuiics HAH
PA, HUII Oprannueckoii u papmanestiuueckoit xumuun HAH PA, HUM Opra-
Huyeckoi xumun uM. 3enuackoro PAH u EpeBanckuii roc. yHUBEpPCHUTET.

Ha koH(epeHnuu 0bu10 mpencTarieHo 13 rieHapHbIX, 16 MpUriameHHbIX,
55 yCTHBIX HOKJIana, U3 KOTOPBIX 25 cIOenaHO MOJIOABIMU YYEHBIMU B BHIE
KOpoTKuxX 10 MUHYTHBIX Tpe3eHTaIuii 1 6oee 250 CTEHIOBBIX TOKIIAJIOB.

B paGote xoH(pepeHIuu ydacTBOBaM n3BecTHBIC yueHble u3 CIIA, dpan-
uuu, Benukoopuranuu, Poccun, Apmenun, Uranuu, I'epmanuu, Hunepnanmnos,
Caynosckoit Apasum, Kananer, [lonbimm, a Takke OOJBIIOE YHCIO MOIIOMIBIX
YYEHBIX M aClUPaHTOB, B OCHOBHOM M3 ApMeHuu n Poccuu. C ruieHapHBIMU
JOKJIaZIJaMH BBICTYITMJIM U3BECTHBIE yUYEHBIE, B YHCIE KOTOPHIX OTMETHUIINCH B.
®oxkuH (CIIA), A. Oranos (P®), B. Ananuxos (P®), B. I'eoprsn (CILIA), A.
MankoB (BemukoOpuranus), M. Anadyrun (CLHA), M. Camnory6 (Ppannus),
akagemukd HAH PA A. Carusn u JI. TaBagsa. He meHee nnTepecHbie pabOTHI
OBLIM TIpENICTaBIICHBI U B KaTeropuu «[IpurianieHHble JOKIaAbl», I/ie BBICTYIIH-
i win-kopp. PAH U. Artunun (P®), mpodeccopa A. benenerro (Mramus), M.
AsznaypsiH (®pannus), X. [xyndaksas (Caynosckas Apasus), A. Maparokos
(I'epmanns), I'. Hukonos (Kanana), E. Artunos (P®), A. Tancrsn (I'epmanus),
B. Hdortuenko (P®), a Taxke apmsackue ydenbie C. ['acmapsn, wi-kopp. HAH
PAT'. lanarynsn, A. [llaxatyau u mp.

Kondepenuusi, HecoMHEHHO, ObUIa HMHTEPECHOM M TIOJNE3HOM, Mpexiae
BCEro, Ul XUMHYECKOi obmecTBeHHOCTH ApMeHndn. OHa NMPOAEMOHCTPUPO-
Baja IyTH Pa3BUTHA COBPEMEHHOW XMMHUYECKOW HAayKH, CTaja TUIOMIAIKOM i
3aBS3BIBAHAA HOBBIX MEXIYHApPOJTHBIX CBSI3eH y4eHBIX ApPMEHHHU C 3apyOex-
HBIMH KOJUJIETaMHU.

Hanpsokennast HayuHast nporpaMma KOH(EpEHIMH YCIIEIIHO coueTanach 1
C HACBIILEHHOM KYJbTYpPHOH IPOIpaMMOH.

[Mnanupyercst cnenath NaHHBIA (GopMaT HAYYHOTO OOLICHHUS TPaJUIMOH-
HBIM U [IPOBOJUTH NOA0OHBIE KOH(pepeHn B EpeBane xaxpie 2 roaa.

I'. JanarynsH
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Buorpaguu y4éHbix B JOKyMeHTaxX

OBanec AKyHsIH

BunHeli y4€HBIA-XUMUK, HHXKECHEP-TEX-
HoJioT, menaror, npodeccop OBanec Ambap-
IlyMOBUY AKYHSIH SIBJISIETCSI OCHOBOIOJIOX-
HUKOM HEOpPraHMYECKON U aHAJIUTUYECKOU
XMMUH U XHMHYECKOro BhICIIEro oOpa3oBa-
Hus B Apmenun. Pogucst 13 ssaBapst 1869r. B
r. llamaxu ObiBuiel bakunckoil ryGepHum.
Vuuncs B bBaknHCKOM peaabHOM yUMIIMILE, B
1895r. oxonumn Mmnepatopckoe MOCKOBCKOE
TEeXHUYECKOe ydmiuiie. 2 roga paboTan Kak
XUMHUK B BakMHCKOM TOpOJICKOM CaMOyIpaB-
nenuu. B xonue 1897 r. yexan B ['epmanuto,
MocTynui B Jpe3/IeHCKUl MOMUTEXHUYECKUM
MHCTUTYT, 3aT€M IMOJrOTOBWICA K 3BaHHIO
npodeccopa B I'errunrenckom ynusepcurere. C Hagana 1900-x rogoB sxut
B IlIBeiinapun, B r. Ltopuxe, rae Ben paboTy Mo TeXHWYECKOH xumuu. B
1898r. B JKeHeBe MO3HAKOMMICS € MEPBBIM PyCCKUM MapkcuctoM ['. B.
[InexaHoBeIM M cTan 4neHoM Poccuiickol conuai-IeEMOKpPaTHYECKON pa-
6oueii maptuu. B xonue 1907 r. BepHyncs Ha ponuHy, rae ¢ | ceHTIOps
1907 no 1 cents6ps 1918r. 6pu1 qupextopom Tudmucckoro Muxaiinos-
ckoro pemeciienHoro yumnuma. C centsiopsa 1918 no centsiops 1919r. Obin
npezacenarenaeM KycrapHoro komureta B Tudumuce. B 1913-1916rr. ocHoBan
U peJakTUpoBan nefgarorndyeckuil xypHain «Kaskasckas mkomna». B 1919r.,
n3beras OT MpecieoBaHUN MEHBIIEBUCTCKOTO IpaButenscTBa I'pysun, O.
AxyHsH niepeexan B ApMmenuto, rae ¢ 15 nexabps 1920 r. mo 18 ¢espans
1921r. ucronusn o6s3aHHOCTH HadanbHUKa [maBnpodOropo Hapkommpoca
Apmenun. C pexabps 1920r. mo centsiOpp 1921r. 3aHuUMan IOJKHOCTh
Upe3BpIuaifHO YMOJIHOMOYEHHOTO MO cHaOxeHnto ApmsHckoi Kpachoii
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Apmun. C 1 despans 1922r. no 1 centsOps 1924r. UCTIONHST TOKHOCTD
npenojanatenst EpeBaHCKOro MHAYCTPHAIBHOIO TEXHUKYMa, a C CEHTAOpA
1924r.-peniogaBarenst mkonbl |l crynmenn mmenn X. AGossiHa. B 1925-
1926rr. WCcHoONH JODKHOCTH TperoaaBareis B EpeBanckom pabdake,
SBIIAACH OJHOBPEMEHHO 3aBENYIOIIMM (PU3MYECKOrO0 M XMUMHUYECKOTro Ka-
OMHETOB.

B 1924r. O. AkynsH Obul mpuriaméH B ['ocymapCTBEHHBIH yHUBEp-
curer CCP Apmenuu, rae 3aBenoBan kadenpoid HEOpraHUYEeCKOl U aHau-
trdeckoit xumuu. B 1931-1937rr. oH pykoBoami kadeapamu HeopraHudec-
KOM M aHAJINTUYECKON XMMHUU B EpeBaHCKOM MEIUIMHCKOM M APMSHCKOM
CeJIbCKOXO3siicTBeHHOM MHcTuTyTax. B 1935r. LlenTpanbhas kBanuduka-
LMoOHHasA komuccusa npu Hapkomnpoce Apmenun npucyauna AKyHsHY 3Ba-
Hue npodeccopa. OH-aBTOp «IlocoOus konmmuecTBeHHOTO aHamm3a» (1928),
yuebHnkoB «KauectBenHoro anammsza» (1932), «Heopranudeckoit xumumu:
3aiaHus» B ceMu BoITyckax (1931-19351T.) 1 HECKOMBKHUX H300PETCHUH.

B nepuoxn xynpra nuyHoctd CrajauHa BOJOBOPOT PENPECCHl B3sUT B
CBOU OOBATHS MHOTUX IpEJCTaBUTeNel HaydHO U Hay4HO-TI€aroruuecKon
MHTEJJIMTeHIUH Hallel pecnyOyinku, B ToM uncie O. AKyHsSIHa U ero KeHy,
HEMKy 10 HanuoHaiabHocTH Ennsasery BunbrensmoBHy AxyHsH-Kiiemenc,
KOTOpasi OKOHYWJIa MEJULMHCKUM ¢akynbreT Ieiinensbeprckoro yHuBep-
curera, B cepeaune 1930-x rogoB paboTasna CTapUIMM aCCUCTEHTOM Ka-
benpsl Omoxumun EpeBaHCKOr0 MEIUIIMHCKOTO WHCTHTYTa, a B 1935-
1937rr. o COBMECTUTENBCTBY 3aHMMaJIa JOLKHOCTh HAYYHOIO COTPYAHHKA
MIEPBOTO pa3psla CeKTopa OMOXUMUM XUMHUYECKOTO MHCTUTYTa APMSHCKO-
ro ¢ummnana AH CCCP. OBanec AkyHsiH Obu1 apectoBan 28 utons 1937r. B
COCTAaBJIEHHOM B MpEABbIAyIIMHA JI€Hb IOCTAHOBJIEHHH O BBIOOpPE MeEphI
MpeceyeHus] 1 OOBUHUTEIBLHOM 3aKIIOUEHUH OTMedalloch: «C IMEpBBIX XKe
nHel ycraHoBieHus COBETCKOM BIacTH B ApMEHHMH MPOSBISUT BpaxkeOHOe
oTHoIIeHue. B 1924r. cBsi3aics ¢ yCTaHOBIEHHBIM HEMELKUM Pa3BeIYMKOM
bomem, BeimBopeHHbiM W3 CCCP. [Bumbreapm bomr B 1925-1932r1T.
paboran B Tunorpaguu [ocuzmata CCP ApmeHMH KaKk HMHCTPYKTOp IO
nuHOTUNY, B utoje 1932r. yexan Ha poauny-I'epmanuio u He BepHyJcsa-C.
I'.]. SBnsercs repmanHoduiaoMm. CHCTeMaTHYECKH IUCKPEAUTUPYET MOJIH-
tuky BKII(6) u npaBurenscrBa. O3n06sen Ha CCCP u3-3a nukBUAaLUU
gactHoro kanurana. JKena ero-EnmzaBera BumbrensmoBHa, cBsf3aHa C
«Komurerom nomormu ronogatomum B CCCPy»-kananom passenku I'ectano,
otkyaa B 1933-34rr. nmonyyana maTtepuasibHyto nomoins. CBsi3b C KOMU-
TETOM 3aKOHCTUpupoBaHa». Bckope, 3 cenrsOps 1937r., E. Axynsn mo
JIO’)KHBIM OOBHMHEHHUSIM ObLIa apecTOBaHAa W BIOCJEICTBUUM HEOOOCHOBAHHO
ocyxaeHa Ocobeim coBemanuem npu HKBJ[ CCCP ot 29 mas 1939r. kak
«COLIMAIbHO-OTIACHBIA 3JIEMEHT W COYYaCTHHIIA B INIHOHCKO-pa3BeibIBa-
TeJIbHON paboTe cBOEro My»xa-ObIBiIero npodeccopa XumMun MeIumuHCKO-
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ro n CenbCKOXO3SIMICTBEHHOTO HHCTUTYTOB Top. EpeBana AkyHsna OBaHeca
AmbOapuymoBuuay. E. AxkyHsH Obuta 3akitoueHa B HCIPaBUTEIBHO-TPY-
JO0BOM Jlarepp cpokoM Ha 5 net B Kaparangy. OnHako, BMECTO MPENLyCMOT-
PEHHBIX ISATH JIET, MPOObUIAa B 3aKIIOYEHUH MOYEMY-TO Aecarth jer. Ompe-
nenenuemM CyneOHOM KOJUIETHH TIO0 YroJIOBHBIM JejlaM BepxoBHOro cyna
Apwmsackoit CCP ot 28 centsaoOps 1957r. meno B OoTHOIICHHM AKYHSH
MIPEKPALIEHO 3a OTCYTCTBHMEM COCTaBa IpecTymyieHus. E. AKyHSH CKOH-
yanack 19 ssHBaps 1959r., noxoponena B JJoHCkoM MOHacThIpe T. MOCKBBI.

B cepenune 1930-x romoB OBanec AKyHSIH CTajl >KEPTBOM OJTHOTO M3
CaMbIX «TPOMKHX» U aOCYpOHBIX CYAEOHBIX pa3OMpaTEeNbCTB TEX CYPOBBIX
net-«Jlena mpodeccopoB u mpenoaasareneii EpeBanckoro yHuBepcuTeTay,
[0 KOTOPOMY HpOXOAWIn 18 «aKTHBHBIX Y4YaCTHUKOB» (Cpeau HHUX 4 Xu-
MHKa) 3Toro (apca, B TOM yucie caMbiM HOXUIbIM Obl1 O. AxyHsH. [106-
POIOPSIOUHOMY MHTEJUIMTEHTY JocTanach Tspkénas cynpba mpoiitu uepes
JOJITUE IJIMHHBIE FOJbl CYyJONpPOU3BOACTB. Kypbe3HbIMU 3ByUyaT €ro METKHUe
CJIOBa, IPO3BYYaBIIME Ha 3aKphITOM 3acefdaHuu BolesnHoil ceccun Boen-
HoOro TpuOyHana 3aKaBKa3CKOro BOEHHOro okpyra 6 centsops 1939r.:. «B
1918r. B Teyenue 2 mecsueB Obul ujieHOM mapTuu «['HYaK», HO MOTOM
oromén M OoJbllle HUKAKOH MapTUM HE NpuHaIexan. S oOBHHSIOCH B
MIMHOHAXXe, NPUYACTHOCTH K maptuu JlammuakmyTioH, ['H4akucToB, He
npubaBUIM TONBKO DcdpoB. [lomokum, 4TO s Takoil (eHOMEHATIbHBIN
YeJIOBEK, y4acTBOBAJl Ha 3acelaHMsX 3-4-X mapTHil ¥ BBEN IBE Kadeapsl.
Msue 70 ner, oTkyaa y MeHs Moria ObITh Takas sHeprusi? HyxHo emgé pas
MPOU3BECTU CIIEACTBHE, MOO cO3[JaHa WHCLEHUPOBKA JIsi TOTO, 4YTOOBI
noryouts npodeccopon». Ilocne 4 net 3akmouenus B EpeBanckoii ropon-
ckoil TroppMe, O. AxyHsH moctaHoBieHHeM (Oco00ro COBEIIaHUs TPHU
HKBJI CCCP ot 3 cenrsa0pst 1941r. «3a ydyactue B aHTUCOBETCKOM opra-
HU3AIMW» ObUI OCYXJIEH K 5-M To/1aM 3aKJIIOYEHHUS! B MCIIPABUTEIBHO-TPY-
JOBOM Jiarepe u cocial B ceno ['eoprueska JKapmunckoro paiiona Cemu-
nanatuHckoi obnactu Kazaxckoit CCP. B 1942-1944rr. paboTan yuurenem
B cpenHeil mkose cena Kazan-Uynkyp. 3arem Obul mpuriamieH B 'ocy-
JapCTBEHHBIM neparorndyeckuii vHCTUTYT uM. M. U. Kanmnuna r. bnaro-
BeLIEHCK Ha AMype Xa0apOoBCKOro Kpas, [0 KOHKYpPCY 3aHUMasi JOJHKHOCTD
3aBeyoNIero kadeapoit 001Ie XuMHUH.

OBaHec AKyHSIH CKOHYAJCS B pe3yibTaTe Tparudeckoro ciydas 14
utons 1947r. OH NOJAHOCTRIO OBLI OMNpaBAaH MOCTaHOBIEHHWEM BoeHHOM
komterun Bepxosuoro cyga CCCP ot 2 anpens 1955r.

(ITompoOuee cm.: JlokymMeHTHI W Marepuanbl cemeitHoro apxuBa O.

Axynsina; Hanmonaneubeiit apxuB Apmenuu. @.1191. On.1. [1.1091-1107,
On.3. N.765; ®.571. Om.5. [1.935; T'ronsOymarsan JI. Axynsa OBanec
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Awmbapymu//IIpodeccopa EpeBanckoro yamBepcutera. Yacte 1. EpesaH,
1970. C.15-16).

Hwxke BmepBeie myoOmukyercs aBrooumorpadust O. AKyHsHa, XpaHs-
asics B €T0 CEMEMHOM apXHBeE.

ABToOuorpadpuss OBaneca AKyHsiHA

Pomwiics st B 1869r., 1 suBaps, B ropoae lllemaxe ObiBuieii bakuHckoit
ryoepuuu. B 1888r. okoHumn cpennee oOpazoBaHue B BakmHCKOM peaiib-
HOM YUYWJIMILE U MOCTynuia B ObiBlIee MiMneparopckoe MOCKOBCKOE TEXHU-
YEeCKO€ YYWIUIIE, KOTOPOE yCIenHo oKoHYmI. B 1895r. s Ob1n npuriamén
BakuHCKUM TOpPOJACKMM CaMOYIIPABJIEHUEM HA JOJDKHOCTh T'OPOJCKOrO
XMMHUKa, TAe TpopaboTan 1Ba rojga Kak XMMHUK I10 aHAIW3Y IHUIIEBBIX
poaykToB. B 310 Bpems s 6bL1 pegakTopoM xypHana «Tpynasl bakuHckoro
otneneHus: MiMrepaTopckoro TeXHUYEeCKOro odmecTBa». B konie 1897T. s
noexan B [‘epmMaHuio 178 MONOJHEHHS M YCOBEPILIEHCTBOBaHMS MOEH
cnenuanbHOCcTU. Sl moctynuin B JIpe3eHCKHUH INOJUTEXHUKYM, TIE OAUH
cemecTp paboTanm Mo opraHM4eckoil xumum y mpodeccopa Meiiepa, a
BTOPOW CEMEeCTp MO ra3oBoMy aHanmu3y y npodeccopa ['emnens. B
1901r. s mepeexan B rop. Lltopux, roe paboran y mpocdeccopa Jlynre mo
TexHUueckoi xumuu. B 310 Bpems MmnepaTtopckoe TEXHUYECKOE YUUIIHIIE
MPUCYAUIIO MHE CTUNEHIUI0 MUHUCTEPCTBAa HAPOJHOIO MPOCBELIEHUS KaK
JUITY, OKOHYMBIIIEMY C HAWIYy4IIUMH JaHHBIMU. CTUNICHIUS 3Ta Oblia Ha 2
roga Uil KOMaHIMPOBKH 3arpaHHIly Ui MOATOTOBKH K HPOQeccOpCKoi
NESATENBHOCTU. 1 MPUHSI 3Ty CTUIEHIUI0 M BEPHYBLIMCH onaTh B ['ep-
MaHUIO TOCTYNWJ B ['€TTHHTEHCKHIA YHHBEPCUTET, rae padoTan 2 roma y
npodeccopa Hepecra. B 1903r. s nepeexan B LlIBelinaputo. Korna Hayanacs
BoiiHa ¢ Amonuelr B 1904r. meHs BbI3BAIM Kak Mpanopiiuka 3amaca. S
YKJIOHWJICSI OT y4acTusl B BOMHE U TaKUM 00pa3oM ciemnaicsi sMurpasTom. 1
TOJIbKO B KOHIE 1907T. S MMen BO3MOKHOCTb BEPHYThHCS Ha POJIMHY, TliE C
1907 mo 1918 rox coctosn aupekTopom TuHIUCCKOTO TOPOACKOTO peMec-
JICHHOTO YYWJINIIA.

[To coBetnzanum ApMeHuu s nepeexan B ApMeHHI0. bbl mepBbIM upes-
BbIYaWHBIM YIOJIHOMOYEHHBIM N0 cHaOxkeHuto KpacHoit Apmuu, a ¢ 1922r.
OIISATH HAa4aJl CBOIO MEIarOTHYECKYIO JeSTEIbHOCTD B CPEHEN IIIKOJIe UMEHN
XayaTtypa AOOBSiIHA U MHAYCTPUAIBHOM TEXHUKyME, a ¢ 1924r. 6bu1 npur-
JIAllleH B YHUBEPCUTET, I€ 3aHUMall Kadeapy HEOpraHW4ecKol M aHaju-
THYECKOW XUMHH, a TIOCJIE PEOPraHu3alui YHUBEPCUTETa 3aHUMAT Kadeapy
ONATHh TaKM HEOPraHMYECKOW M aHATMTUYECKOM XUMUU B MEIUIIMHCKOM U
CenbCKOXO39UCTBEHHOM HWHCTHTYTaX, BIUIOTh /0 MOErO apecra, Ioce-
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noBaBiiero 28 wutonga 1937 roma. IlonmydnB agMUHUCTPATHBHYIO CCBUIKY
noctanoBieHrueM Oco0oro oraena CpoKoM Ha S5 JieT, s ObUT BBIIBOPEH B
ceno 'eoprueBka JKapmeiackoro paiiona CemunamaTtuHckoi obmactu Ka-
3axckoit CCP. Ilocne oxkonwanusi cpoka, 28 wuronsg 1942 ropma, s momyqun
MECTO MpenojaBareiisi B cpenHer wmkoie cena Kazan-UyHkyp Henaneko oT
cena ['eoprueBka. Tam s yuutenbcTBOBas 2 ronaa, 10 oceHu 1944r. mocine
gyero ObUI MO0 KOHKYpCY mpuriameH ['ocrnenarorndieckuM MHCTHTYTOM HM.
M. N. Kanmmauna B ropoxa brnarosemieHck- Ha-Amype, rae paborar 10
HACTOsIIEee BpeMst

[TepBble Mou paboTHI 51 Havas B baky, B xxypHaie «Tpymasl bakurckoro
HMmiepatopckoro TEXHHYECKOTO OOIIECTBa», PEJaKTOPOM KOTOPOTO ObLI
IBa roaa. Sl mewaram psn CBOMX HCCIEIOBAaHUM MO XUMHH, M3 KOUX YIIO-
MUHa[ crepyromue: 1. «XUMHYECKH M CaHUTapHBIH OOJHK TPYHTOBBIX
BoA ropoga baky u ero okpectHoctei»; 2. «Poip yriaekucnoro rasa Ha
3aBO/IaX HMCKYCCTBEHHBIX MHHEPAJbHBIX BOJ KaK HCTOYHHK 3arps3HEHHS
3THX BomY; 3. «MoaHoe umcio Kak (akTop UM YCTAHOBKH JOOpOKauecT-
BEHHOCTH HE(TSIHBIX OCBETHTEIbHBIX Macem»; 4. «CTaHmapTHBIH MeETOA
OLIEHKH CBHIpOM HedTH HAa OCHOBE (PAKIMOHHOW €€ TMEepPeroHKu H Iepe-
pabotkm»; 5.«K BOIpocy 0 MPUroTOBIEHUH CBEYEH U3 MIEIIOUYHBIX OTOPOCOB
MOCJIe CIUTHUS HEPTSIHBIX Macei.

Paborast B pa3HBIX BBICIIMX YYeOHBIX 3aBEICHHSX 3arpaHHLEd U pa-
0oTast B ropozckoii Jaboparopun B baky, s aepkan TeCHYIO CBs3b C TeX-
HUKOMW U MpoMbInuIeHHOCTHI0. B baky s paGotan Ha 3aBoae bpatses Hobens
YeThIpe MeCsIa M MOClan OOMUPHYIO JOKIAIHYI0 3amucky B MMmneparop-
CKO€ TeXHHYECKOe ydmiuiie- Kadeape TexHoIoruu. B aTom nokmaze s gan
nopoOHoe, neTanbHOe omucanue HedTsHoro 3aBoga bpartheB Hobens ¢
MOJPOOHBIM HM3JI0’KEHHEM BCEX YCTAHOBOK M BCEHl TEXHOJOrHuM 0OpaboTKH
HEPTH U MOTYYSHHS TTPOTYKTOB.

Pabotas B JIpe31eHCKOM MOJUTEXHUKYME, I IIOCTYIHI YEPHOPAOOINM-
«MOIIapOM» Ha CTEKJISIHHBINA 3aBojJ (pupmbl CHMMEHCa, TJIe OCHOBATEIbHO
W3YyYWJI TEXHOJOTHIO CTEKJISIHHOTO Jejla W W3TOTOBJICHHUS OyTBUIOYHOTO
crexna. Pabotas B L[IopuXCKOM MONMUTEXHUKYME, I TOJTYYHIT BOZMOXKHOCTD,
Onarofaps pekomeHaauuu npogdeccopa Jlynre paborate Ha ra30BOM 3aBOJIE
B L{fopuxe 1 M3y4uTh CyXyIO NEPEroHKY YIJisl JJs MOJIYYE€HUS! CBETHIBLHOTO
raza. B L{fopuxckom NOMUTEXHUKYME 51 CHAETal CIeAyIomue aBe paboTsl: 1.
«Ilonyuyenue rekcaruapobeH3zona U3 OeH30Jia U BOJOPOAA C IOMOILBIO
IUIATUHOBOTO KaTanuzaropay; 2. «I[lomyuenue tetporuapobdbensona u3 OeH-
30J1a ¥ BOJIOPOJiA C MOMOIIBIO MAJIAJNEBOTO KaTalnu3aTopay. JTH pabOThI
ObLTH HameyaTaHbl B HEMeEIKOM kypHaie «Zeitschrift et Techniche Chemiex»
3a 1901r. PaGotas B I'ertHreHckoM yHuBepcurere y npodeccopa Hepecra
s caenan pabory «Peakmust Mexmy XJIopoM W Bogopomom». Pabora srta
HarevaTaHna ObiTa B sKypHane «Zeitschrift et Electro Chemiey.
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[Tocnennsist mpoGiema, Haa KOTOpoit s paboTtas B CelbCKOX03SCTBEH-
HOM uHcTHUTyTe, Oblia «bopbba ¢ cOpHSIKaMM Ha OCHOBE aJCOpOLMU C
MTOMOIIBI0 KOJUIOUIOB». JTO paboTa ObUIa HE 3aKOHYEHA OJiarogapsi MOETro
apecra.

Kpome Toro, mmero cruenywomue uzoOperenus: 1. «YHHBepcaabHbBIN
apeoMeTp Ul BCEX JKUAKOCTEH OT PTYTH A0 caMbIX JieTkux»; 2.«Habop ans
oOHapykeHus (aabCUPUKAIUN CIUBOYHOTO Macjia Ha TPUHIUIEC BHYT-
pEHHEro TpeHus»; 3.« KCIepUMEHTaIbHBIA aHAJIN3 COMPOTUBJICHUS OANKH,
YKpPEIUIEHHON OJJHUM KOHIIOM». DTOT MPHOOpP MaET BO3MOXKHOCTH KCIEpPH-
MEHTaJbHO, HE JoMas 0alKy, YCTAHOBUTH KOJMYECTBEHHO CHSTHE JJIMHBI,
IIMPUHBI ¥ BBICOTHI U 00pa3a Harpy3KH Ha CONMPOTUBJICHHUE OaKH, a TEM XKe
cHATHSL POPMBI CeYCHHS U criocoba ykiaaaku Oanku; 4.« OO0 M3rOTOBICHUH
CBEUEH M3 IIEJOYHBIX OCTATKOB IIOCIE CIUTHUS HE(QTSIHBIX OCBETHTEIBHBIX
Maceim».

OBanec AKyHSIH.
N3 marepuasioB cemeiinoro apxusa O. A. AkyHsina. Pykonucsh.

Iy6aukamuo noaroToBUJI

Crenan I'apudmkansu,
KAaHIMIAaT HCTOPHYECKUX HAYK.

419



MMPABWIA 1JIs1 ABTOPOB

Of1mue mon0KeHUs

K ny6nukanuy B «XUMHYECKOM XKypHalle ApMEHHM» NPUHUMAIOTCS MaTEpUallbl, COIep-
XKalllue Pe3yNlbTaThl OPUTHHAIBHBIX HCCIEA0BaHUH, o(QopMIICHHBIE B BHAE O030PHBIX (TeMa-
TUYECKUX HIIM aBTOPCKHX) U TONHBIX CTaTel, KPaTKUX COOOIIEHHMH M THCEM B PEIaKLUIO.
CTaThbH JOKHBI CO/lepPKATh MaTepHAJIbl, MOCBSIIIeHHbIe CHHTe3y HOBBIX BellecTB, JH00
pa3pabdoTKe NMPUHIHMIIHAJIBLHO HOBBIX METO0B CHHTE3a, HCCJIETOBAHHS M HOBBIM XHMH-
YeCKHM CBOHCTBaM (TPeBpPAIEHHSIM) HM3BECTHBIX BeIECTB, a TaK:Ke H3YyYeHHIO HOBBIX
(PU3HKO-XMMHYECKNX CBOWCTB M CTPYKTYPhI CHHTe3HPOBAHHBIX MaTepPHAJIOB/ BeIIECTB.
KypHan nmybmukyeT paboTel Ha aHTIMHCKOM, PYCCKOM M apMSHCKOM S3bIKaX MO BCEM HampaBs-
JICHUSIM XUMHYECKOI HayKH, B TOM YHCJIE 110 OOILIeH, HEOPraHWIECKOH U aHATMTUIECKOW XUMUH,
(U3NUECKON XMMHUH M XUMHYECKOH (DM3MKE, OPTaHWYEeCKOW XMUMHH, METaUIOOPTaHHYECKOH M
KOOPIWHAIMOHHON XHUMHUH, XMMHUH MOJIUMEPOB, XHMMHH IPUPOJHBIX COCIWHEHWH, OnoopraHu-
YecKOM XUMHUHM M XUMHM MatepuanoB. CTaThH, Npe[iaraeMple K IyONIMKAIMd B paszene
OMOOPraHUYECKOH XUMHUH, JTOJDKHBI OBITH ITOCBSIIEHBI ITOJYYEHHUIO HOBBIX ITOTEHIHAIBEHO OHO-
JIOTHYECKH aKTHBHBIX COCJUHECHUI, B TOM YHCIIC U BBIICICHHBIX N3 IPHPOIHBIX 00bekToB. [Ipn
ONMCAaHUM HOBBIX BEIIECTB, OOJAAIOIINX 3HAYUTENHHOH (B CpPaBHEHHH C NPHMEHSEMBIMH B
MEJHIIHE JIeKapcTBaMU) OHOIOTMYECKO aKTHBHOCTBIO, CTAThsi MOXKET COJEPKaTh Pe3yIbTaThl
OHMOJIOTUYECKNX HCCIEJOBAaHUH, BKIIOYAIOMUX CCBUIKM HA HMCIONB30BAHHBIE METOIBI M3yUECHHS
OHOJIOTUYECKON aKTUBHOCTH, HH(POPMAIHIO O THIIE WCIONB30BAHHBIX OMOOOBEKTOB, aKTHBHOCTH
U TOKCHYHOCTH CHHTE3HMPOBAHHBIX IIPENapaToB B CONOCTABIEHHH C COOTBETCTBYIOMINMHU
MOKa3aTeJIIMHA IPUMEHSEMbIX B MEAUIMHE JIEKapcTB. B 3aKiioueHnn cieayer NpUBECTH KPaTKHH
apryMEHTHUPOBAHHBII BBIBOJI O CBS3M MEXIY CTPYKTYpoil W OHONOTrHYEeCKOH aKTHBHOCTBHIO
HCCIIEIOBAaHHEIX coeanHeHnH. OmyOnMKoBaHHBIE MaTepHaibl, a TaK)Ke MaTepHalbl, IpPe]CTaB-
JICHHBIE JJIs ITyOJHMKAIMU B IPYTHX JKypHANaX, K PACCMOTPEHUIO HE NPUHUMAIOTCS. ABTOPCKHUE
0030pel (10 25 cTp.) MPENCTaBISAIOT cO00H 00OOMICHHWE W aHAU3 PEe3yabTAaTOB IUKJIA HCCIe-
JIOBAaHUH OJHOTO WJIM HECKOJIBKHX aBTOPOB IO E€JWHON TeMaTHKe, a TeMaTHIEeCKHe 0030phI —
JIOJDKHBI OBITH TIOCBAIIEHBI aHATHM3Y padOT IO OTAEIBHBIM KJIaccaM COeIMHEHMI WM peakmuil.
[onHple cTaThM MPUHUMAIOTCS 00BeMOM 10 12 cTpaHWI, 00BEM KpaTKOTO COOOIIeHHS — HE
Ooree 5 cTpaHHUI] MaIIMHONMKCHOTO TekcTa. [lucbMa B pegakuuio (06eMoM 110 3 CTp.) HOKHBI
coJiep)KaTh M3JIOKEHHBIE B KpaTKoil (opMe HaydHble Pe3yJabTaThl MPUHIUITHATEHO BaXXHOTO
XapakTepa, TpeOylole cpoyHoi mybaukanuu. Penakius ocrasister 3a co0oif MpaBo cOKpariaTh
CTaThM HE3aBUCHUMO OT UX o0bema. [y myOnuKanuu cTaTby aBTOpaM HEOOXOIMMO MPEACTaBUTh
B PEIAKIIMIO CIICAYIONINE MaTepHaNbl U JOKYMEHTHI*: 1) HampaBieHue oT opranu3aiyu (B 1 3k3.);
2) MOANMCAHHBIA BCEMH aBTOPAMH TEKCT CTAaThH, BKIIOYAas AHHOTAIUIO, TAOIHIIBI, PUCYHKH H
MOJIKCH K HUM (Bce B 2-X 3K3.); 3) rpaduueckuii pedepar (B 2-X 3k3.); 4) aHHOTAIIMK HA IBYX
SI3BIKAX, OTIMYHBIX OT S3bIKa CaMOM CTaThW (HAIIPUMEp, €CIH CTaThsi HA PYCCKOM, TO JOJDKHBI
OBITH TAak)Ke AaHHOTAIIMY HA aHTIMHCKOM U apMSHCKOM, IPUYeM TEKCT aHHOTAI[MH HA aHTIHHCKOM
S3bIKe HE JOJDKeH ObITh MeHbine 0,5 cTp); 5) DIEKTPOHHYIO BEpCHIO CTaThH, C AHHOTAIMSMH,
JIUTEPaTypoii ¥ rpaduueckum pedeparom.

*B cryuae He6O3MONCHOCHU OOCMABKU MAMEPUAN08 HENOCPeOCMEEHHO 8 PeOaKyuio, OHu
Mozym Obimb BbICIANbL 8 dNeKMpoHHOM eude. Taxowce 6 snexkmponnoll popme asmopam 0yoym
npedocmasiersvl peyeHsull, 3amMedanus U peKkomMeHoayuu no UCNPasIeHuIo Cmamoi.

Cratpsi TOo/DKHA OBITH HAIMCAaHA CXKATO, aKKypaTHO O(OPMIICHA M TIIATENHFHO OTpPEeJaKTH-
poBana. He momyckaercs nyOnmpoBaHHEe ONHHMX M TeX K€ NaHHBIX B TaONHIAX, B CXeMax M
pHCyHKax. ABTOp HECET HOJIHYI0 OTBETCTBEHHOCTD 3a JIOCTOBEPHOCTH IKCIEPUMEHTAIBHBIX JaH-
HBIX, IPUBOJIUMBIX B CTAaThE.

Bce CTaTbH, HANPABIIKIEMBIC B PEAAKINIO, IMOABEPTarOTCsA PELHEH3UPOBAHUIO U HAYYHOMY
penaktupoBanuio. CTaThs, HaNpaBlICHHAs aBTOpaM Ha J0pabOTKY, AOJDKHA OBITh BO3BpallleHa B
MCIIPAaBJICHHOM BUAC BMECTE C €€ NIEPBOHAYAJIbHBIM BaApUAaHTOM B MaKCUMaJIbHO KOPOTKHUE CPOKHU.
K mnepepaboranHOI pyKOIHCH HEOOXOANMO MHPHIOXKUTH IHCBMO OT aBTOPOB, COJAEpIKalee
OTBETHI Ha BCE 3aMeYaHUs, KOMMEHTApHUHU U IIOSCHSIONIee BCe BHECEHHBIE M3MeHeHUs. Crarss,
3ajepXKaHHasl Ha UCIIPABICHUH 0oJiee OJJHOTO MecsIia WM TpeOyromas MOBTOPHOH HepepaboTky,
paccMaTpHBaeTCsl Kak BHOBB ITOCTYNHBINAs. Pemakums mocklIaeT aBTOPY Iepex HabopoM s
HPOBEPKH OTPEAAKTHPOBAHHBIN SK3EMIUISIP CTaTbU U KOPPEKTYPY.

Crpykrypa myomukanmii. [TyOnukanust 0630poB, MONHBIX CTaTel M KPaTKUX COOOIICHUIA
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HaYMHAETCS C 3arJIaBHs CTAaThH, Jajee MPUBOAATCS MHHUIMANE M (aMIIHNA aBTOPOB, Ha3BAHHS
Hay4HBIX YYPEXKIACHUH, OJIHBIC TIOYTOBBIC aJpeca ¢ MHAEKCAaMU MOYTOB IOYTOBBIX OTICICHUH U
ajpeca >JIEKTPOHHOH MOYTHI aBTOpAa, OTBETCTBEHHOI'O 3a IIEpemUcKy. Bciex 3a 3TuMm naercs
KpaTkas aHHOTauusi (He Oosiee 12 CTpOK) C yKa3aHHEM KOHKPETHBIX pe3yJbTaTOB pabOTHI U
BBITEKAIOIINX M3 HUX BBIBOJIOB, IIPH 3TOM ClieqyeT u30erath IyOJMpOBaHUs Ha3BaHWS CTAaTHH U
TeKcTa aHHOTauuu. Jlanee MpUBOATCS KirodeBble ciaoBa (5-7 cioB). OTMETHM, YTO B Ha3BaHUHU
CTaThHU CIeAyeT U30eraTb COKpaIeHui 1 GopMyIL.

B mepBbIx a03amax OCHOBHOTO TEKCTa KpaTKO OOCYKIAeTCs W3BECTHAs JINTEpaTypHas WH-
¢dopmarust mo mccieayeMoMmy Borpocy. [lanee oOBSICHAETCA CYLUIHOCTh PabOTHI, YETKO yKa-
3BIBAIOTCS LeJb M 3a/[a41 MCCIIEIOBaHMA. 3aTeM ClIeayeT 00CYyaANTh U OOBICHUTH BCE MOTYyUCHHbIC
B paboTe BaxkHeHIIMe pe3yabTaThl. OCHOBHOI TEKCT CTAThH 3aBEPLIACTCS KPATKUMU BBIBOJAAMH O
MIOJIy4eHHBIX Pe3yJIbTaTax IIPOBEJCHHOTO UCCIICIOBAHMS.

B 3akitroueHMM NPUBOIUTCS SKCIEPUMEHTAlbHAas WM METOAWYecKas 4acTb. B Tekcte
0000IIal0TC M Pa3bSCHSIOTCS TOJNBKO TE CIEKTPajJbHBIC JaHHBIC, KOTOPBIE MOATBEP)KAAIOT
CTPYKTYPY IOJIy4E€HHBIX COSIMHEHNH. PUCYHKH M TaOJIMIBI MOTYT OBITH BBEJCHBI B TEKCT.

Ipaguueckuii peghepam nipunaraetcs Ha oTAenbHON crpanune (120%55 wmm) u
npencTaBisieT HHOOPMATHBHYIO HILTIOCTPALUIO (KIIOYEBYIO CXEMY WM CTPYKTYPY COCIMHCHUS,
rpaduK ¥ T.I.), OTPAKAIOIIyI0 CyTh CTaThH B rpaduueckoM Bupe. [IpuBemeHHas cxema B
COYCTAHMM C 3arjaBUEM pYKOIMCH JOJDKHA NPHUBICKAaTh BHUMAaHHME 4YHTaTels W JaBaTh
BU3YaJIbHOE IIPE/ICTABICHUE O COJCPKAHUM CTaThu. [Ipumep epaguueckozo pepepama:

CuHTe3 HOBBIX NPOU3BOAHBIX H3aTHHA, coep:kamux 1,2,3-Tpua3obHoe KOJbI0

H
YNHw_

N—-NH

A.C.Tanctsu l
T.A. Eransaun @fg:o —_— @Eg:o
N N

T.B. Kouuksx

R =H 2-Ci 3-CI. 4-Ci

Xum.oic. Apmenuu, 2022, m.75, Ne 1, c. 92

B «mucbMax B peIakuuio» aHHOTAIMS Ha PYCCKOM S3BIKE HE MPHUBOAUTCA M pa3OMBKa Ha
pasmensl He TpeOyercs. Bcemexn 3a HasBaHMEM cCTaThd OAlOTCS KIIIOYEBBIE CIIOBA, Jaiee
MIPUBOJIUTCS OCHOBHOM TEKCT, C OMHCAHHEM JKCIIEPUMEHTANBHBIX NaHHBIX, MOITBEPIKIAIOLINX
BBIBOJIBI U pE3yJIbTAThl. B KOHIIE TPUBOAATCS HHUIMAIE ¥ (paMITHH aBTOPOB, Ha3BaHWE HAYYHBIX
YUPSKICHUH W WX ajpeca, aapec SJEKTPOHHON MOYTHI IS TIEPENHCKH, a Ha OTIEJIbHBIX
CTpaHMIaX - PE3FOME Ha JIBYX sI3bIKaX U rpaduueckuii pedepar.

[pu HecOOMIOICHUH YKa3aHHBIX BBIIIE MPABUIT CTAThs HE MPUHUMAETCS K MyOIHKAIHH.

Tpumep ogopmnenus 3aznagus cmamoi, CNUCKA ABMOPOS, AOPECO8 YYPeltCOeHUll, AHHO-
mayuu.

B3AMMOJIECTBUE METHJIITPOU3BOHBIX MOHO- U BUIIAKJINYECKUX
HNUPUMUIUHOB C APOMATHUYECKAMH AJIbJETAJAMHU
I'.I. JAHATYJISIH 2", I.A. IAHOCSIH?, T.3. TEOPT'SIH 2, 0.C. ATTAPSIH ? u
M.P. APAKEJISIH

! Poceniicko-Apmsrckuii (CaBsHCKI) YHUBEpCUTET ApMEHUs,
0051, r. EpeBan, yn. Ocena OmuHa ,123
Hay4H0-TeXHOIOrMUECKHi IIeHTp OPTaHUIECKOH I (papMaleBTHUECKOi XHMHMI
HanmonanbeHoii akanemun Hayk Pecniyonuku Apmenus, 0014, r. Epean, np. AzatyTsa 26
E-mail: gdanag@email.com

M3yyeHbl peakumy pasnnyHbiX 3aMeLleHHbIX MEeTUMUPUMUOUHOB U OUUMKIK-
yecknx 1,2,4- Tpmasono[1,5-ajnupnmnanHoB, cogepxawmx MeTusribHble rpynnbl B NUpU-
MUOWHOBOM KOMblLE, C 3aMelleHHbIMM OeH3anbaervgamm u reTepoLMKIINYEeCKUMN
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anbaerngaMu NUMpasornbHOro U ypaHoBoro psiaa. B pesynbtate cuHTe3nMpoBaHa cepus
CTMPWI- U BUHUIMPOU3BOAHLIX NMUPUMUAMHA, coepXKallasi COnpsbkeHHble TT-cBs3n. B
HEKOTOPLIX NpUMepax, B YacTHOCTM, MpW B3aUMOAENCTBUM 2-TMAPOKCU-4-MeTun-6-de-
HUNMMPUMUAMHA C Napa-AMMETUNaMMHO- U Napa-auaTunammHobeH3anbaernaamm Guinm
BblA€NeHbl HE CTUPUINPOU3BOAHbIE, @ NPOAYKTbI NPUCOEAMHEHMSI UCXOAHBIX peareHToB
—  2-rvgpokcun-4-[(2-(4-(anankmnamuHo)-heHnn)-2-rmapokcrmaTun)]-6-peHmnnupumnamn-
Hbl, TO €CTb NPOAYKThI rMApaTaLmum 0XUgaemblX CTUPUI NPOU3BOOHbIX.

Bnbn. ceuinok 10, puc. 2, Tabn. 1.

Knrwouesvie cnoea: mupuMuanH, anpaerunsi, 1,2.4-tpuaszono[l,5-a|nMpuMUINH, CTHPHI-
MIPOU3BO/IHBIE, TETEPOLUKINYSCKUE ATTbICTUIBI.

Teker craThbu meyartaercs: uepes 1.5 mHTepBana (6e3 MOMapoK M BCTaBOK) Ha Oeioit
Oymare cranmapTHoro pasmepa (hopmar A4) ¢ monsiMu 3 cm ¢ JeBOit cTOpoHsbL, 1.5 cm ¢ mpaBoi
CTOpPOHBI, 2.5 cm cBepxy, 2.5 cm cHu3y, pasmep mpudra — 12. Bce cTpaHUIBI pyKOIHCH,
BKJIIOYAsl CIIHCOK JINTEPATyphl, pe3loMe Ha JIBYX sI3bIKax U rpaduueckuil pedepar, HyMEpYIOTCS.
VYpaBHEeHHUs!, CXeMBbl, TaOJIHIBI, PUCYHKH U CCHUIKH Ha JHUTEPATypy HYMEpYyIOTCS B IOPSAKE MX
ynmoMuHaHHs B Tekcre. CHHCOK LUTHPYeMOIl IHTepaTypsl AOJDKEH BKIIOYAaTh CCBUIKM Ha
Hanbolee CyIIEeCTBEHHBbIE pabOTHI IMOCIEJHUX JET IO TeMe CTaTbH, NMPUYeM CTaThH CaMHX
aBTOPOB (CaMOIMTHUPOBAHUA) He MOKHBI mpeBbimath 40 % OT Bcex ccbulok. B aBTOpCKHX
0030pax caMOIUTHPOBaHUSA MOryT nocturate 60 %, HO, Kak W B TeMaTHYECKHX 0030pax,
LUTHUPYEMbIe CTATbU JOJDKHBI BKIIIOYaTh B OCHOBHOM paOoThl mocnenuux 10-15 xer. B Tekcre
CTaTbH JIOJDKHBI OBITH YHOMSIHYTBI BCE CCHUIKH, IPUBEICHHBIC B CIHMCKE JIUTEpaTypsl. CIHCOK
JIUTEpaTyphbl MeYaTaeTcsl Ha OTACNIBHOW CTpaHHIE C yKa3aHHEM HHHUIHMAIOB M (paMHiInil Bcex
aBTOPOB.

CnMCcoK JIMTepPaTyphbl J0J:KeH ObITH 0(hOpMIIeH cileyIoIMuM 00pa3om:

IMpn nmTupoBaHWM cTaTel, OMyOIMKOBAaHHBIX 6 HAYYHBLIX JCYPHANAX, BCIEN 3a IIepe-
yrciaeHneM Bcex aBTopoB (PMO) crnemyer mpuBOIUTH HA3BAaHHWE CTATHH, Jaiee Ha3BaHUE XKYyp-
Hala, TojJ, TOM, HOMep (ecnu MMeeTcs) M CTpaHHUIbl (nmepBas-mociendss). [Ipu muTHpoBaHHH
PYCCKOSI3BIYHOTO JKypHalla, NEPeBOANMOTO Ha AaHIIMIICKUHA, HEOOXOAMMO TaKXKe IPHBOJHUTH
CCBUIKY M Ha aHTJIOS3BIYHYIO BEPCHIO.

TIpumepul ccoiiok Ha cmamvi:

Das K., Konar S., Jana A., Barik A.K., Roy S., Kar S.K. - Mononuclear, dinuclear and 1-D
polymeric complexes of Cd (Il) of a pyridylpyrazole ligand: Syntheses, crystal structures and
photoluminescence studies // J. Mol. Struct., 2013, v. 1036, p.p. 392-401.

Jlaiikos /[.H., Ycmuiniok FO.4. - CuctemMa KBaHTOBO-XUMHYECKUX mporpamm '"llpupona-
04". HoBbIe BOBMOYKHOCTH HCCIIEAOBAaHUS MOJIEKYIISIPHBIX CHCTEM C TIPUMEHEHUEM MapalIeIbHBIX
Beraucnenuii. // 3s. AH, Cep. xum., 2005, 1. 54, 3, c.c. 804-810 [Russ. Chem. Bull., Int. Ed.,
2005, 54, 820-826].

Knueu: byuauenxo A.JI., Baccepman A.M. CtabunbHble pagukansl. M., Xumus, 1973, 58 c.

Ipu oOCyXIeHNN YaCTHBIX BOMPOCOB YKA3bIBAIOT KOHKPETHYIO CTPAHHILY HJIM TJIaBy KHHTH.

A. @. Ioxcapcruii. TeopeTuuecKkue OCHOBBI XUMUU TeTepoIMKIIOB, Xumusa, Mocksa, 1985,
c. 57-58.

Cmambu 6 coopHuKax:

Ona [xc., @apyx O., IIpakaw [xc. K.C. B KH: AKTHBanus M KaTATNTHIECKHE PEAKIUN
ankaHoB / mox pen. KM . Xwmna. M., Hayka, 1992, c. 39.

IIpy uMTUPOBaHMM NEPEBOAHBIX W3JAHUM MOCJIE BBIXOAHBIX JAHHBIX PYCCKOSA3BIYHON
BEpCHMHU B KBaApPaTHBIX CKOGKaX H606XO}II/IMO yKa3aTb BBbIXOJAHBIE HaHHBIC OPUIMHAJIBHOI'O
u3nanus. Hampumep: Buyrpennee Bpamienue mounekyn./ nox pen. B.Jl. Opsumi-Tomaca. M.,
Mup, 1974, 374 c. [Internal Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York,
1974, 329 pp.].

Ilamenmui: Ccputasch Ha TATEHT WM aBTOPCKOE CBUJIETENHCTBO HEOOXOAMMO YKa3aTh
HMHHIHANIEL ¥ haMITHN n300peTaTeneil mim GupMy-raTeHToepKaTelst, HOMep IaTeHTa U JAaTy.

O. E. Hacakun, E. I'. Hukonaes, A. c. CCCP 1168554; B. U., Ne 27, 90 (1985). J. E.
Dunbar, J. W. Zemba, US Pat. 4764608, 05.01.1994; Chem. Abstr., 100, 14852 (1994).
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[Muccepmayuu: Kosanes Bb.I'. Aproped. amcc. JOKT.XUM.Hayk. «Haszeanue», Topon,
HHCTHTYT, TOJ, CTP.

Ipozpammur: Sheldrick G. M., SHELXL93, Program for the Refinement of Crystal
Structure, Gottingen University, Gottingen (Germany), 1993.

FBanku oannvix: Cambridge Structural Database System, Version 5.17, 1999.

CcbUIKM Ha HEOIyOJIMKOBAHHBIE pE3YNbTaThl U YaCTHBIE COOOIIEHUS MAIOTCS UCKITIO-
YHUTEIHHO B BUJIE CHOCOK, a B CITHICKE JINTEPaTyphl He IPHBOJISITCS U HE HyMEPYIOTCSI.

3arnaBue CTaThbH JOJDKHO MaKCHMalbHO MH(GOPMATUBHO pacKpblBaTh CyTh paboTsl (Bold,
3ariaBHble, 12). [locne 3aronoBka ciexyloT HHUIMANE U Gamiumin aBTopoB (A.I. [TanosH, Bold,
cTpounsle,12), OpraHusanuu (CTpOUYHBIEe, HTANHMK, 12), 3JIeKTpOHHAs IOYTa JUIS IEPEIHCKH.
KpaTKas aHHOTALUs, B KOTOPOH cooOmiaeTcs O IeIM HCCIENOBaHUS M MPUBOASTCS OCHOBHBIE
pe3ynbTaThl M BBIBOJABI PaOOTBL. AHHOTAIMs HE JOJDKHA COAEPKAaTh HOMEPOB COEIUHEHHH,
JKCIIepHMEHTAIbHBIE JAHHBIE W CCBUIKM HA JIUTEpaTypy. B KOHIIE NPHBOAUTCS HUHCIO
JIMTEPATYPHBIX CCBUIOK, PUCYHKOB W Tabmui. J[lanee NPUBOAATCS KioueBbie cioBa (5-7),
OTpa)karoIyie OONINIT THIT M3ydaeMbIX COSIMHEHHI 1 XapaKTep peaKIuil.

[ToBTOpEHNE ONHUX U TEX )K€ AAHHBIX B TEKCTE, TAONMIaX W Ha PUCYHKAaX HE HOITyCKACTCS.
Kaxnas tabmina M pUCYHOK JOJDKHBEI OBITH O3aryIaBJICHBl U CONPOBOXIATHCS IOANHCHIO, HE
IyOnupyroneil OCHOBHOM TekcT. KonmuecTBO pHCYHKOB IOJDKHO OBITH CBEJEHO K MHHHUMYMY.
[TpuBeneHne OAHUX U TeX e CTPYKTYPHBIX (HOPMyIT HECKOIBKO pa3 He JAOITyCKaeTcs.

B nHauvane OkcrnepMMEHTAIBHOM YacTH NPHBOIITCS Ha3BaHMSA NPHOOPOB, Ha KOTOPBIX
MOTy4YeHbl (DU3UKO-XMMHYECKHE XapAKTEPHCTHKU BEIIECTB, YKa3bIBAIOTCA JTHOO HCTOYHUKH
HCTIONB30BAHHBIX HETPUBHANBHBIX PEAareHTOB (HAalpHMep "KOMMEpUecKHe Mpenaparsl, Ha3BaHHe
¢upmer"), MO0 NAIOTCS CCBUIKM Ha METOAMKHM X moiydeHus. Kaxaelii maparpag skcme-
PUMEHTAJIbHON YacTH, ONMUCHLIBAIOLIMI MOJyYeHHe KOHKPETHOTO COEIMHEHHs], NOJKeH
coliep:KaTh ero ImoJjiHoe HauMeHoBanue no HomeHkJatype MIOIIAK u ero mopsiakoBbIii
HoMmep. [ BceX BIEpBBIE CHHTE3MPOBAHHBIX COCIUHEHMH, OIMCHIBAEMBIX B JKche-
PpumeHmanvholi Yacmu, HeoOXOAMMO IIPHBECTH JT0KA3aTENbCTBA MPUITUCHEIBAEMOTO UM CTPOCHHUS
U JJaHHBIE, TTO3BOJISIONINE CYIUTh 00 MX MHAWBHIYAJIbHOCTH M CTEIEHH YUCTOTHL. B wacTHOCTH,
JIOJDKHBI OBITH TPEACTABICHHI JaHHBIE 3JIEMEHTHOTO aHANIW3a MM MAacC-CIIEKTPHI BBICOKOTO
paspemerns u crektpsl “H SIMP (npn HeobxomumocTH criektpsl —C SIMP). Jlnst H3BECTHBIX
BEIIECTB, CHHTE3MPOBAHHBIX OITyOJIMKOBAHHBIM pAaHEE METOJOM, JOIDKHA OBITh IIPHBEACHA
CCBUIKA Ha JIMTEepaTypHble TaHHbIE. [IJIs1 H3BECTHBIX BEIIECTB, MOJTYyYSHHBIX HOBBIMHU MJIM MOJIH-
(ULIMPOBAaHHBIMKA METOJAMH, JOJDKHBI OBITH TPEICTaBICHBl HX (HU3MYECKHE U CIEKTPOC-
KOIUYECKUE XapaKTEPUCTHKH, UCIONB30BaHHBIE JUIS MOATBEPIKACHHS UICHTHYHOCTH CTPYKTYPBL,
METOJ] CHHTE3a M JINTepaTypHble JaHHble. [IpH ONMMCAaHWM SKCIEPUMEHTOB, XapaKTEPHCTHK
COeIMHEHHH, CHEKTPOCKOIMMYECKUX M KPUCTAUIOrpadUueckuX TAHHBIX CIETYeT PYKOBOACTBO-
BaThCSl YKa3aHUSAMH, H3JT0’KEHHBIMU HIDKE B HacTOsIMX [IpaBmmax.

Ecnn, mo MHEHHIO peleH3eHTa WM PelaKTopa, HOBBIE COSJMHEHUS He ObIIM yJOBIIETBO-
PHUTENBPHO OXapaKTEePU30BAHbI, THOO CTaTbs HE COACP)KUT HOBBIX METOJMOB CHHTE3a M HOBBIX
XMMHYECKHX MPEBPAIICHHH, a TAaKKe CHHTE3NPOBAHHbBIE BEIIECTBA HE SBJISIOTCS HOBBIMH, CTAThs
He OyzeT NpuHsTa K IeYaTty.

Cratbs 3akaHuuBaercst Cnuckom aumepamyper. CCbUIKH Ha JUTEPATypHbIE HCTOUHUKU
B TEKCTE U HOMepa CCBHUIOK B CIIUCKE JINTEPaTyphl, NPHUBOIATCS B KBAJIPAaTHBIX CKOOKax W
HYMEPYIOTCSI CTPOTO B TIOpsIIKE WX yrmoMHHaHMS. [lox omHMM HOMEpPOM MOXKET OBITh yKa3aH
TOJIBKO OMH MCTOYHUK. Y CIIOBHBIE COKpAIICHUS Ha3BAHMH PYCCKOS3BITHBIX XKYpPHAIOB U CIIpa-
BOYHHKOB TIPHBOJISITCSI B COOTBETCTBUHM C COKPAICHUSIMHU, IPUHATHIMU B PedepaTtnBHOM KypHane
XnMHs; aHTTIOSA3BIYHBIX U JPYTUX MHOCTPAHHBIX JKyPHAJIOB — B COOTBETCTBHHU C COKPAIEHASMH,
pexkomenyeMbiMu Chemical Abstracts nitk HCIOIb3yEeMbIMH CAMUMU 3TUMH KyPHAIIAMH.

Bce cchulkn 1at0TCsl B OPUTHHAIBHOW TPAHCKPHIIMU; MEPOTNIH(UYECKHEe TEKCTBl MOTYT
LIUTHPOBATBCS KaK B PYCCKoOit (cM. PedepaTBHBIN )ypHAT XUMHK), TaK U B JIaTHHCKOM (cM. Che-
mical Abstract) TpaHCKpHITIMH, HO eAnHOOOpa3Ho. [IpeanouTHTebHEe TaTHHCKAS.

TonpKko B TEKCTe MOXKHO HCIIONB30BaTh PycCKHe abOpeBHATYpPHI UL PACIPOCTPAHEHHBIX
peareHToB, pactBoputenei u nmurangos: Hanpumep [MJIC — rexcamernnaucminokcan, TM®A —
rekcametunpocorpuamug, IMCO — numernncynspoxeun, AMPA — mumernndopmamuz, TI'D
— rerparuapodypan, TMC — TeTpameTHICHIaH, C paciH(POBKOI IPH NEPBOM YIOMUHAHHH.
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Pexomennyercs mpuMeHATh B (GopMyiax CleAyrolIue YCIOBHBIE OOO3HAuCHWS: ANkl —
Alk, apun — Ar, rerepun — Ht, ranoren — Hlg, CH; — Me, C,Hs — Et, CsH; — Pr(i-Pr), C4Hg — Bu
(cootBercTBeHHO s-Bu, i-Bu, t-Bu), CgHs — Ph, CH3CO — Ac, me3uin — Ms, to3ui — TS.

Tlpn coyeranun uUQPpoBHIX HIMGPOB ¢ OYKBEHHBIMH HMHICKCAMH MCIIOJNB3YIOTCS OYKBBI
natuackoro andasura. CoeqMHEHUs POACTBEHHOW CTPYKTYphI MIMGPYOTCs obmiel uubpoi,
HanpuMmep RX (2); it 0603HaueHHs X NPOM3BOJHBIX, COMCPIKAIINX PA3IUYHBIC 3aMECTHTEIH,
HCTIONB3YeTCs Ta e IHdpa ¢ OyKBEeHHBIM HHIEKCOM, HanpuMmep, cupt X = OH (2a), aneratr X =
OAc (2b), Tosmwnar X = OTs (2c). [Ipy ynoMHHaHHH TIOJHOTO HAa3BaHWs COCAMHEHHS AP
naercs B ckoOkax. Hemb3st ymoTpe6isate mmdps! 6e3 o6o0mmaroniero ciosa (HalpuMep, peaKiis
coelMHEHNs 2¢, HO HEe peakuus 2C).

JKcnepuMeHTA/IbHASA YacTh JO/DKHA ObITh HAlMCaHA B HACTOSIIEM BpPeMEHH (KHNATHAT,
cylar, yaaasiioT 4 T. 1.). [y BrepBble ONMUCAHHBIX COSAMHEHHI MPUBOAUTCS TOJHOE Ha3BaHHE
o HomeHkmatype UFOITAK. B DxcniepuMeHTabHOM 9acTh MPU yKa3aHUH Macchl (pa3MepHOCTb-
Italic) BBemeHHBIX B peakLHiO PEarceHTOB OJHOBPEMEHHO PUBOIUTCS UX MOJIPHOE KOJIUYECTBO,
nanpumep: " .. 0103 2 (L0 mvomw) 2-3TuHMIMUMpHAnHA...". B uncnax mecsTHYHBIE pa3psIbl
otmemsitoress Toukoil (1). B ammupuueckux OpyrTo-hopMysaax 3JIEMEHTHI PacoNaraloTcsl Mo
cucreme Chemical Abstracts: C, H n nmanmee cormacHo naTmHckoMy angaButy. Dopmyisl
MOJICKYJIAPHBIX COCMHCHUN U OHUEBBIX COJcH naroTcs uepe3 Touky (Hampumep CgHioNy*2HCI).
[Tpn onucaHuM UCIOIB30BAaHUS TOHKOCIOWHOH XpoMaTorpaduu Aisi OYUCTKU POIYKTa PEaKInH,
JIOJDKHBI OBITh yKa3aHbl Kak COPOEHT, Tak M 3MroeHT. Dusnueckne KOHCTAHTBI U CHEKTPaIbHbIE
XapaKTepUCTUKH PEKOMEHAyeTCs CBOAWUTH B TaONMIBL. YIIOMHHAaeMble B 3arojioBkax rpad
TaONUIBl BENUYHHBI JOJDKHBI COMPOBOXIATHCS OTAENCHHBIM 3aISITOM yKa3aHHEM, B KaKHX
€IMHUIAX OHU BbIpakeHB! (Hampumep: "Bbxox, %"). PH3MKO-XMMHYECKHE XapaKTEPUCTHKH
BEIIECTB HEOOXOIUMO yKa3aTb B HIDKENIPUBEJCHHOM HOpsaKe. TeMmneparypa IUIABICHHS H
KuneHus. Jama3oH Temmeparypsl IDIaBICHHS BMECTE€ C PAacTBOPHUTEIEM, HCIIOIBb3YEMBIM IpH
MePEKPUCTALIM3AIMY, CIEAYeT YyKa3blBaTh IS KaXKIOT0 KPUCTAJUIMYECKOTO MpPOIYKTa, Hall-
pumep, "xémbie UL, T. i 78-79 °C (BtOH) (1. . 79-80 °C (EtOH) [12])". AHanorudHo [uist KHIKHX
MPOIYKTOB — TeMIlepaTypa KulleHus1, HanpumMep "GeciiBeTHoe Macio, T. kum. 127-128 °C (10 mm
pT. cT.)".

UK u Y® cnektpsl. B sxcniepumenTanbHoit yactu 1t UK u Y@ criekTpoB TOIHKHBEL OBITH
YKa3aHBI TOJIBKO XapaKTePUCTHUECKUE JACTOTHI MOJIOC U JUTMHEI BOJH MAKCHMYMOB TIOTJIOIICHHSI.
UK cnekrp (ToHkuid cioit), v, cu—1: 1650 (C=N), 3200-3440 (O-H). Y@ cnekrp (EtOH), Amaxs
M (lg €): 242 (4.55), 380 (4.22).

Cnextpsl SIMP 'H u BC. Jlomknsr 61Th yKa3aHbl 4acToTa NMpHuOOpa, MCIOIb30BAHHBIH
CTaHmapT u pacteoputens. Eciu wa AIMP 'H u B¢ ucnonssyercst He TMC, 1o cinenyer ykas3aTh
XMMHYECKHH CIBHT CTaHAapTa B mkaie O. [yt o0o3HAYeHWs ITOJIOKEHHsS aTOMOB BOJOpOJa
ClIelyeT UCTIONb30BaTh 00o3HaueHus Tuna H-3. TIpoToHEI B cocTaBe CIOXKHBIX TPYMI, K KOTOPBIM
OTHOCHTCSI CHTHAll, CIeAyeT IOA4epKHYTh cHu3y [3.17-3.55 (4H, M, N(CH,CHs),)]; musa
MOJIOKEeHUsT 3amecTuTeneld oOo3HaueHus 3-CHjz; mns o0O3HA4YeHHs TOJOXKEHHsS] aTOMOB
ucnonb3oBatk: C-3, N-4 u 1. 1. Eciin kakoi-mu00 CUTHAI B CIIEKTPE OMHUCHIBACTCS Kak AyOJerT,
TPUIUIET U T. I. (a HE CHHIVIET WM MYJIBTHIUIET), TO HEOOXOAUMO IPHBECTH COOTBETCTBYIOIIEE
komuuectBo KCCB (Js ). CurHais! 10MKHBI ObITh IPUBEICHBI IS KXKIOTO HOBOTO COECAUHEHHUS.
Ecnn mpoBeneHsl MoapoOHBIE HMCCIEIOBAHUS Ul YCTAHOBJIGHMS CTPOSHMS WJIH NPOCTPAHCT-
BEHHBIX B3aHMOJIEHCTBHI aTOMOB, TOJDKHBI OBITH YKa3aHBI HCTIOIb30BaHHBIE 2D MeTobI.

IIpumeps! 3anucu:

Cnexmp AMP “H (400 MI'y, CDCly), 8, m. x. (3, I'y): 0.97 3H, t, J = 7.0, CH,); 3.91 (2H,
K, J = 7.0, COOCH,); 4.46 (2H, 1, J = 6.1, NCH,); 7.10-7.55 (9H, m, H-6,7,8 + NHCH,CsHs);
7.80 (1H, ¢, H Ar); 7.97 (1H, ¢, H-5"; 8.13 (1H, 1, Js¢ = 8.2, H-5); 11.13 (1H, ¢, NH). Cnekrp
SIMP C (100 MI'y, CDCly), 8, m. 1.: 16.8 (CH3); 36.3 (CHy); 48.5 (C-5); 121.6 (C-3); 123.0 (C-
9); 125.8 (C-3',5"); 128.9 (C-6); 134.4 (C-5a); 143.4 (C-10a); 148.3 (C-8).

Macc-cnekmput TPUBOISTCS B BUAC YUCIOBBIX 3HAYCHUIN M/Z U OTHOCUTEIBHBIX 3HAYCHUH
HMOHHOTO TOKa B IOCTPOYHOI 3ammcu win B BUje TaOmumbl. HeoOxomuMo ykasbIBaTh HCHOJB-
30BaHHYIO Pa3HOBUJIHOCTh METOJa MOHM3AIMH, YHEPTUI0 MOHU3AINH, MacCOBBIC UHCIIA Xapak-
TEPUCTHUYECKUX HOHOB, NX T€HE3NC ¥ HHTEHCHBHOCTH 110 OTHOIICHUIO K OCHOBHOMY MOHY. Macc-
crextp (DY, 70 9B), m/z (Lo, %): 386 [M]" (36), 368 [M-H,0]" (100), 353 [M-Me]* (23).
Macc-crextp (XU, 200 3B), m/z Iy, %): 387 [M+H]" (100), 369 [M+H- H,0]" (23).
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Ilpumep 3anucu oanunvix macc-cnekmpa évicokozo paspeuwienusn: Haitneno, m/z: 282.1819
[M+Na]". Cy7H,sNNaO. Brruucieno, m/z: 282.1828.

Ilpumep 3anucu oannvix snemenmnozo ananuza: Haiineno, %: C 55.22; H 4.09; Br 20.42;
C19.04; N 7.18. C1gH16BrCIN,O. Boruncneno, %: C 55.19; H 4.12; Br 20.40; C19.05; N 7.15.

JlaHHbBIe PEHTTEHOCTPYKTYPHOTO HCCIIEOBAHUS CIEAYET MPENOCTABISITh B BUJAE PHUCYHKA
MOJIEKYJIBI ¢ IPOHyMepoBaHHBIMU aToMamu, Harpumep C(1), N(3) (110 BO3MOXKHOCTH B IIPEACTaB-
JICHWW aTOMOB JJUTAIICOUIaMH TEIUIOBBIX KoyieObanuit). [loiHbie KpucTauiorpadhuiecKie TaHHbIC,
TaOIHIEI KOOPAWHAT aTOMOB, JUTMH CBS3¢H W BJICHTHBIX YIIIOB, TEMIIEPATypHbIC (DaKTOPHI JEIo-
HUpyroTcs B KeMOpumkckoM OaHKE CTPYKTYPHBIX JAHHBIX (B CTaThe YKa3bIBACTCS PETUCTpa-
[MOHHBII HOMEp JICIOHEHTA) WU MPUBOJISATCS B (haiiie COMPOBOAUTEIHHBIX MATCPUAIIOB.

Hdnst opopmieHuss XUMHISCKHX (GOPMyT M CXeM MNpEeBpalIeHHH CIeAyeT HCIONb30BaTh
nporpammsl SIS Draw umn ChemDraw, ¢out — Times New Roman.
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