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Optimization of headspace
solid-phase microextraction
of volatile organic
compounds from dry soil
samples by porous coatings
using COMSOL Multiphysics

B.N. Kenessov*, A.A. Kapar

Center of Physical Chemical Methods of
Research and Analysis,

Al-Farabi Kazakh National University,
Almaty, Kazakhstan

*E-mail: bkenesov@cfhma.kz

Headspace solid-phase microextraction (HSSPME) is one of the simplest and cost-efficient
sample preparation approaches for determination of volatile organic compounds (VOCs) in soil.
This study was aimed at the development of the model for numerical optimization of HSSPME of
volatile organic compounds from dry soil samples by porous coatings using COMSOL Multiphysics
(CMP). ‘“Transport of Diluted Species in Porous Medium’ physics was used for modeling. Effect of
sample mass, pressure, fiber-headspace and soil-headspace distribution constants on extraction
profiles and time of 95% equilibrium has been studied using the developed model. Equilibrium
extraction under atmospheric pressure (1 atm) can take up to 97 min, while under vacuum (0.0313
atm) — 2.3 min. Equilibration time under vacuum was 42-43 times lower than under 1 atm at
all studied distribution constants and sample masses. The developed model was modified for
optimization of pre-incubation time using ‘Transport of Diluted Species’ physics. According to the
obtained plots, 95% equilibration time can reach 13.3 min and depends on both sample mass and
soil-headspace distribution constant of the analyte. The developed model can be recommended
for optimization of pressure, preincubation and extraction time when fiber-headspace and soil-
headspace distribution constants, soil porosity and density are known.

Keywords: solid-phase microextraction; numerical modeling; COMSOL; soil analysis;
volatile organic compounds; computational optimization.
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By-¢asanbl KaTTbl Gasanbl MUKPOIKCTPaKumA (BKPM3I) TonbipakTaFbl yLNaabl OpraHUKaNbIK
KocbinbicTapabl (¥YOK) aHbiKTay YWiH CbiHama JalblHAAYAbIH, KapanalbiMm »KoHe yHemai
a4icTepiHiH 6ipi 6onbin Tabbinagbl. byn 3eptrey COMSOL Multiphysics (CMP) kemerimeH KeyeKTi
*abblHAAP apKblNbl KypFak Tonblpak yarinepiHeH BKPM3 ylwinanbl opraHUKanblK KOCblIbICTapAbl
CaHAbIK OHTaMNaHAbIpy MoAeniH a3ipneyre 6afbiTTanfaH. Mopenbaey ywiH «CyWbInTblAfaH
3aTTapAblH, KeyeKTi opTafa TacbiMangaHybl» GuU3MKacbl KONAAHbINAbI. D3ipNeHreH moaenbai
naaanaHa oTbipbin, SKCTPAKLUMANBIK KabblH MeH ras ¢gasacbl apacbiHAafbl XaHe TonblipaK neH
ras ¢asacbl apacblHAafbl CbiHAMa MacCacbiHblH, KbICbIMHbIH, TanAaHaTblH 3aTTapAblH Tapany
KOHCTaHTaNapblHbIH 3KCTPaKuuA npodunbaepiHe acepi kaHe 95% Tene-TeHAiKKe KeTy yaKblTbl
3epTTengi. ATmocdepanbik Kpicbimaa (1 aTm) Tene-TeHaikke }KeTy 97 MUHYTKa AeiiiH, an Bakyymaa
(0,0313 aTm) 2,3 MUHYTKa AeWiH CO3blNYbl MYMKiH. Bakyymaafbl Tene-TeHAiK yaKkbiTbl 6apbiK
3epTTe/NreH Tapanay KOHCTaHTalapbl MeH CbiIHAMA Maccanapbl ywiH 1 aTm - fa KapafaHaa 42-43
ece TemeH 6onabl. D3ipneHreH moaenb «CyMbINTbINFAH 3aTTapAbl TacbiMangay» GpuaMKacbiH
KON ZaHa OTbIPbIN, anAblH ana MHKybaumanay yakbITblH OHTakNaHAbIPY YWiH e3repTingi. AnbiHFaH
rpaduKkTepre caikec, 95% Tene-TeHAIKTI OpHaTy yaKbiTbl 13,3 MUHYTKA KETyi MYMKiH »KaHe
CblHaMaHbIH, MaccacblHa Aa, TOMbIpaK NeH ras ¢asacbl apacbliHAafbl TaNAaHATbIH 3aTTblH Tapany
KOHCTaHTacblHa Aa 6aiNaHbICTbI. D3ipNEHTEH MOAENb KbICbIMAbI, aNAbIH aNa MHKybaumanay xaHe
9KCTPAKLMA YaKbITbIH OHTAWNAHABIPY YWIiH YCbIHbIAYbI MYMKiH, ByNn Ke3fae TangaHaTbiH 3aTTbIH,
IKCTPAKLMANDIK KabblH MeH ra3 ¢asacbl apacblHAAFbl, TOMNbIPaK NeH ra3 ¢gasacbl apacbiHAAFbI
Tapasy KOHCTaHTanapbl, COHbIMEH KaTap KeyeKTiiri MeH Tbifbl34blfbl 6enrini 60aybl KaxKeT.

TyiiH ce3aep: KaTTbl pazasbl MMKPOIKCTPAKLUSA; caHAbIK Mogenbaey; COMSOL; Tonbipak,
Tangaybl; ywnanbl OpraHuKablK KOCbIbICTAP; KOMMNbIOTEPIK OHTAWNAHAbIPY.
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MapodasHana TBepaodpasHaa MUKposKcTpakuma (MTOM3) — oaunH M3 cambiX NPOCTbIX
N 3KOHOMMUYHBIX MeTof0B NPobONOAroTOBKM ANA ONpPefeneHua NeTyuyux OpraHUYecKux
coeanHeHnnii (JIOC) B noyse. [laHHOe UccnefoBaHKWe bblo HaNPaBAEHO Ha pa3paboTKy moaenn
yncneHHom onTummsaumm NTOM3 neTyunx opraHMYecKnx coegMHeHn n3 06pasLLOB CyX0i NoYBbI
NOPUCTbIMM NOKPBLITUAMM C UCNoNb30BaHMem COMSOL Multiphysics (CMP). Jna mogenvposaHus
ncnonb3osann Gpusnky «TpaHcnopT pa3basieHHbIX BewecTs B nopucTol cpege». C nomoLbio
paspaboTaHHON MOAENN U3yHEeHO BANAHWE MacCbl 06pasLLa, AaBNEHUA, KOHCTAHT pacnpeaeneHuma
aHaNUTa MeXAy SKCTPAKLMOHHbBIM MOKPLITUEM U ra3oBoi $a3oi M mexay NovBol U ra3osBoin
ba3oit Ha NpodPuan 3KCTPaKUMUM U Bpema AO0CTUNKeHMA 95%-Horo paBHoBecuA. [loCTUKeHMe
paBHoBecuA Npu aTMocpepHoM AaBneHun (1 atm) mokeT 3aHUMaTb A0 97 MUH, @ NOA BaKyyMOM
(0,0313 aTm) — 2,3 MMUH. Bpemsa ycTaHOBNEHWUA paBHOBECUSA B Bakyyme 6b110 B 42-43 pa3a MeHblue,
yem npu 1 aTm Npu BCeX UCCNeAOBaHHbIX KOHCTaHTax pacnpejeneHua U maccax obpasuos.
PaspaboTaHHaa mogenb 6bi1a moaMduUMpPoOBaHa ANA ONTUMMU3ALUM BPEMEHWU NPenHKybauum
¢ ucnonb3oBaHnem ¢u3nKM «TpaHcnopT pasbaBneHHbix BewecTB». COrnacHoO NOAyYeHHbIM
rpadukam, Bpems yctaHoBieHUA 95%-HOro paBHOBECUA MOXKET AocTuraTh 13,3 MUH U 3aBUCUT
KaK oT maccbl 06pasLia, Tak M OT KOHCTaHTbI pacnpeseieHnUa aHaanTa Mexay no4Boi 1 rasoBow
¢basoit. PaspaboTaHHaa mofenb MOXeT bbiTb PEKOMeHAOBaHa ANA ONTUMM3ALUM AaBAEHUA,
BPEMeHU NpenHKybaunm n sKCTpaKL MK, Korga M3BeCTHbI KOHCTaHTbI pacnpejesieHna aHanuta
MeXAy 3KCTPAKLMOHHBIM MOKPbITUEM W ra3oBol $asoi, mexay Nnoysoi M rasosoi ¢asoi, a
TaKXe MOpPUCTOCTb U NJIOTHOCTb MOYBbI.

KnioueBble cnoBa: TBepAodasHas MUKPOIKCTPAKLUA; UYUC/IEHHOE MOAENNPOBAHUE;
COMSOL; aHann3 no4Bbl; NeTyuyme opraHn4Yeckme coeguHeHna; KOMNboTEPHAA ONTUMMU3ALLUA.
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1. Introduction

Headspace solid-phase microextraction (HSSPME) is one
of the simplest and cost-efficient sample preparation techniques
for quantification of volatile organic compounds in soil samples
[1, 2]. HSSPME is based on extraction of analytes by a small
(typically, polymeric) coating located in a headspace above
sample. It combines extraction, concentration, clean-up, and
allows obtaining low detection limits. HSSPME-based analytical
methods have been developed for quantitation of pesticides [3-
5], volatile organic compounds [6], petroleum hydrocarbons [7,
8], chemical warfare agents [9,10], rocket fuel residuals [11, 12],
phenols [13-15] and other pollutants in soil. Due to its simplicity,
HSSPME has a great potential for on-site application [16-19].

Development of methods for quantification of volatile
organic compounds in soil samples based on HSSPME is tedious
because many parameters should be experimentally optimized
— amount of sample, fiber coating, extraction temperature,
pressure and time [20, 21]. Typically, parameters are optimized
sequentially (one parameter per experiment) [20]. Design of
experiments (DOE) is often used for enhancing the optimization
process by decreasing the number of experiments [22].
COMSOL Multiphysics® (CMP) have been successfully used for
a much simpler and faster computational optimization of
HSSPME of volatile organic compounds from samples of air
[23-25] and water [26, 27]. COMSOL Multiphysics® allows
monitoring changes in concentrations of analytes in different
locations of an extraction vessel and obtaining extraction
profiles of analytes.

Fick’s second law of diffusion has been used to model
mass transport in the gas phase:

@ =D V?c (1)
at

where: cis the analyte concentration, mol/m?3; D is the diffusion

coefficient of the analyte in a corresponding gas, m?/s; t is time.

Diffusion coefficient of an analyte in gas phase (D, cm?/s) is

typically estimated using Fuller et al. [28] method:

s )
a h

D =0.001 >
pl(V)Y3 + (V)*/3]

()

where T is the temperature, K, M, is the molecular mass of an
analyte, g/mol, M, is the molecular mass of a gas (e.g., air) in
headspace, g/mol, p is the pressure, atm, v is the molecular
diffusion volume of an analyte; V, is the molecular diffusion
volume of a gas in headspace.

Mass transport in a porous coating has been modeled
using [23, 26]:

dc
(e+pkp) EZDE VZc (3)

where: € is a porosity of a porous material (0.366 for 85 um
Carboxen/polydimethylsiloxane, Car/PDMS, fiber [23]); p is a
bulk density of a porous material (760 kg/m?® for 85 um Car/
PDMS [23]); K, is a distribution constant between coating and
air, m*/kg; D is the effective diffusivity in the coating, m*/s, that
can be determined using:

D,=D¢l/o (4)
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where: D is the diffusion coefficient of an analyte in the gas
inside the coating calculated by Eq. (2); o is the tortuosity factor
of the coating (1.317 for 85 um Car/PDMS [23]) that is calculated
from the corresponding porosity [29].

To our best knowledge, the modeling of HSSPME of VOCs
from soil samples has not been described in the open literature.
This research was aimed at developing the model for simulation
of HSSPME of VOCs from dry soils. Modeling mass transport
and adsorption of VOCs in dry soils should be similar to that in
porous coatings because both of them are saturated with gas.
Wet soils contain or are saturated with water, which will require
developing of a different, more complex model.

2. Experiment

2.1 General modeling parameters

Modeling was conducted using COMSOL Multiphysics 5.6
(Burlington, MA, USA) software with Chemical Engineering
module installed on a personal computer equipped with a six-
core Core i7-8700 central processing unit (Intel, Santa Clara, CA,
USA), 16 Gb of DDR4 random access memory (Apacer, Taiwan)
and 250 Gb 860 Evo solid-state drive (Samsung, Seoul, Rep. of
Korea).

65

45] [
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357 [

307 [

257 [

207 2 r

157 [

mm
T

20 “10 o 0 20

2.2 Modeling of HSSPME

Two-dimensional (2D) axisymmetric model was built using
‘Transport of Diluted Species in Porous Media’ physics. The
geometry (Figure 1) consisted of four main rectangular domains:
soil, headspace, fiber core (0.13 x 10 mm) and fiber coating
(0.08 x 10 mm). A small additional rectangle (0.49 x 10.2 mm)
was built around the coating as proposed by Kenessov et al. [23]
for improved modeling accuracy. Fiber core and coating were
located in the center of the headspace. Mass transport in the
headspace was modeled using Eq.(1). Headspace was
considered static. Mass transport and adsorption in the coating
and soil were modeled using Eq. (3).

Modeling was conducted for 85 pum Car/PDMS coating
(Supelco, USA), the structure of which was thoroughly studied
before [23]. Coating porosity, tortuosity factor and bulk density
were set to 0.366, 1.317 and 760 kg/m?3, respectively. Porosity,
tortuosity factor and bulk density of soil were set to typical
values - 0.4, 1.3 and 1300 kg/m?, respectively [30]. User defined
adsorption isotherm was chosen for the adsorption modeling
using:

c,=c- K (5)

mm |
34.21 | r

34.1 | [

33.9] | [

33.8] j r

33.6] j r

33.5] i [

33.3] l r

33.2] j r

33]

32.9] 5 r

32.8] j 2 r

32.71 : : | : : by
0.4 0.2 o 0.2 0.4

Geometry components: 1 —soil, 2 — headspace, 3 —fiber core, 4 — SPME coating, 5 — additional rectangle around the coating

where the initial concentration was set to zero.

Figure 1 — Geometry of the model for solid-phase microextraction of VOCs from soil
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where c, is the concentration adsorbed to the solid material,
mol/kg; ¢ is the concentration in gas inside a solid material,
mol/m3; K, is the solid-headspace distribution constant, m®/kg,
calculated from the dimensionless solid-headspace constant
(K,) using:

(6)

It was assumed that before HSSPME, the equilibrium
between soil and headspace was established. Initial
concentration of an analyte in headspace and soil gas before
extraction (C,,) was calculated using:

_ Cos M
Kps ms + Vp, + & ms/ps

Coh (7)

where C, is the initial analyte concentration in soil before
introducing it to the vial (mol/kg); K is the soil-headspace
distribution constant, m3/kg; m,_ and ds are the mass (kg) and the
bulk density (kg/m?) of soil, respectively; V, is the headspace
volume (m?), €_is the soil porosity. Initial analyte concentrations
in the coating and in the small rectangle around the coating
were set to zero.

Benzene was chosen as a model analyte for study because
it has successfully been used (as one of the analytes) for
developing the CMP models for air [23, 25] and water [26]. Two
coating-headspace distribution constants (Kﬂ,) were tested —
150000 and 8300, as reported by Prikryl and Sevcik [31] for 85
pum Car/PDMS and 65 um polydimethylsiloxane/divinylbenzene
(PDMS/DVB) fibers, respectively. Because the internal structure
of PDMS/DVB is not reported in the available literature,
parameters (dimensions, porosity, tortuosity factor and bulk
density) for Car/PDMS were used for calculations at Kﬂ1= 8300.
Modeling was conducted using seven different dimensionless
soil-headspace constants (Ksh): 1, 10, 100, 1000, 10000, 100000
and 1000000.

Diffusion coefficient of benzene in headspace was
calculated using Eq. (2). Extraction temperature (298 K) and
pressure (1 atm or 0.0313 atm) were assumed constant and
homogeneous in all domains. Fuller diffusion volumes for
benzene, air and water molecules were set to 90.7, 20.1 and
12.7 [28]. Fluid diffusion coefficients of benzene in gas inside the
coating and the soil were set equal to the diffusion coefficient in
headspace.

Extra fine free triangular mesh was used for the modeling.
For better accuracy, resolution of narrow regions was increased
to 10 and maximum element size was set to 0.2. All other study
settings were set to default (Physics controlled).

During data processing, surface average derived values
were calculated. ‘Concentration species absorbed to the solid’
were used for calculating concentration in the coating. Relative
concentrations in the coating were calculated by dividing
computed concentrations absorbed to the coating by
equilibrium concentrations calculated using [21]:

ISSN 1563-0331
elSSN 2312-7554

KprOSmS

[er] =

MeEr  MgE (8)
Kpfmf + Kpsms +Vy + p_f+ f

where C,_is the initial analyte concentration in soil before
introducing it to the vial (mol/kg); K is the coating-headspace
distribution constant, m?3/kg; K, is the soil-headspace
distribution constant, m3/kg; m, €, and p, are the mass (kg),
porosity and the bulk density (kg/m?) of the coating, respectively;
m,, €_and p_are the mass (kg), porosity and the bulk density (kg/
m?) of soil, respectively; V, is the headspace volume (m?).

2.3 Modeling of pre-incubation

Two-dimensional (2D) axisymmetric model was built using
two ‘Transport of Diluted Species’ physics. The geometry
consisted of two main rectangular domains: soil and headspace.
Equation (1) has been used to model mass transport in both soil
and headspace. Apparent diffusion coefficient was set for
simulating mass transport in soil [23]:

_ Deg
“ Ps Ksh

)

Fluxes to (or backward from) headspace (Flux, and Flux,,
respectively) at the soil-air boundary were set to [23]:

m
Flux, = 1000?(cS — cnKsn);
(10)
m
Flux, = 1000 — (cqKs, = C5)

where: 1000 m/s is the flux coefficient at the soil-headspace
interface (set to a very high value as previously used
[23]); ¢, and ¢, are concentrations of the analyte in soil and
headspace at the interface, respectively, mol/m?. Initial analyte
concentration in headspace was set to zero.

Relative concentrations in the headspace were calculated
by dividing computed concentrations in the headspace by
equilibrium concentrations calculated using [21]:

Cos™Ms

Len) = e Teoskanrovi a

3. Results and Discussion

3.1 Extraction profiles obtained during the modeling

The model allowed obtaining extraction profiles of
benzene from headspace above 1 g of soil in 20 mL vial (Figure
2) using different values of the coating-headspace and soil-
headspace distribution constants. At th = 150000, the increase
of K, from 100 to 1000 resulted in a substantially longer
equilibration process. Time required for extracting 95% of the
equilibrium benzene amount (t, ) increased from 33.7 to 65.3
min. At th = 8300, the increase of K, from 100 to 1000 resulted

Chemical Bulletin of Kazakh National University 2022, Issue 4



8 Optimization of headspace solid-phase microextraction of volatile organic compounds from dry sail...

in the increase of ¢ . from 4.4 to 5.9 min. Equilibration at K, =
150000 takes about one order of magnitude longer time than at
Kﬂ1 =8300.

Such extraction profiles can be used for optimizing
extraction time, which is typically chosen after the equilibrium
is established. However, to minimize competition between
analytes and matrix ingredients, extraction can be conducted at
the linear range — when analyte concentration in a coating
linearly increases with the increase of time [21].

—150000, 100 150000, 1000 8300, 100 8300, 1000

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

Relative concentration in the coating

0.1

0.0

0 25 50 75 100 125 150 175
Extraction time (min)

Figure 2 — Benzene solid-phase microextraction profiles from

headspace above 1.00 g of soil in 20 mL vial at 1 atm simulated

in CMP using two different K, (150000 and 8300) and K, (100
and 1000) values

3.2 Effect of sample mass under atmospheric pressure

Sample mass is an important parameter in HSSPME.
Increase in a sample mass can result in an increased analyte
amount in a coating and a lower detection limit. This parameter
is particularly important when extraction effectiveness is high
[21]. However, the increase of soil mass and height in the vial
can slow down the equilibration process, which will be more

-1 10 100

1000 -+-10000

100000 -e-1000000 A
100

80

20

E———

0 2 4 6 8 10
Sample mass (g)

affected by the mass transfer in soil — analytes located at the
bottom of the vial will have to pass via a thicker level of soil to
reach the headspace. In the case of HSSPME of VOCs from
water, mass transfer in the sample can be enhanced by stirring,
but this approach is impossible for soil. According to Eq. (3), the
mass transfer rate in soil depends on the fluid diffusion
coefficient, porosity, tortuosity factor and soil-headspace
distribution constant.

CMP allows simulating the effect of soil mass on extraction
profiles and optimization of this important parameter along
with extraction time (Figure 3). At K, = 150000 and K, =1,
sample mass has a minor effect on the equilibration time (Figure
3A). At th = 150000 and K, =10, linear dependence of t, 45 ON
the sample mass is observed. At th = 150000 and K, = 100,
linear dependence of t, . on the sample mass is observed when
increasing m_from 2 to 10 g. At K,, = 150000, K, = 100 and m_=
10g, t, ,, reaches 97.0 min, the highest value in this study. At K,
= 150000, K, = 100000 and 1000000, toos linearly decreases
from 69.8-71.5 min to 52.3-54.0 min with the increase in m_
from 1 to 10 g. At K, = 150000 and K, = 10000, t, . linearly
decreases from 74.0 to 59.8 min with the increase in m_from 2
to 10 g. At K, = 8300, ¢, values are not higher than 6 min
meaning that equilibrium extraction can be conducted at any
m_with low time expenses (Figure 3B). The trends are similar to
those at th = 150000, except at K, = 100: t, increases when
increasing m_from 1to 5 g followed by the decrease when m_is
increased to 10 g. At th = 150000 and K, =1000, t,, increases
when increasing m_from 1 to 5 g followed by a slight decrease
when m_is increased to 10 g.

3.3 Effect of sample mass under vacuum conditions

HSSPME under vacuum conditions (Vac-HSSPME) can be
used to achieve equilibrium faster [32-35]. This is mainly caused
by the decreased diffusion coefficients in headspace under
vacuum conditions [36]. The effect of vacuum when extracting
VOCs from a dry soil is even more pronounced because it
enhances mass transfer in the soil sample. As is seen from Eq. (4),

-1 10 100

1000 -»-10000

100000 -e-1000000 B

toes (Min)

0 2 4 6 8 10
Sample mass (g)

Figure 3 — Time required for extracting 95% of the equilibrium benzene amount (t, ) using coating-headspace distrbution
constants 150000 (A) and 8300 (B) at 298 K, 1 atm and different soil-headspace distribution constants

BecTHuK KasHY. Cepua xummyeckada. — 2022. —Ne 4



B.N. Kenessov and A.A. Kapar 9

1 10 100 = 1000 -»10000 -=-100000 -e-1000000 A
25
2.0
€15
£
10
0.5
—— ]
0.0
0 2 4 6 8 10

Sample mass (g)

-1 10 100 1000 -+-10000 -=-100000 -e-1000000 B

0.16
0.14
0.12
0.10

0.08

toes (Min)

0.06

0.04

0.02

0.00
0 2 4 6 8 10
Sample mass (g)

Figure 4 — Time required for extracting 95% of the equilibrium benzene amount (t, ) using coating-headspace distribution
constants 150000 (A) and 8300 (B) at 298 K, 0.0313 atm and different soil-headspace distribution constants

effective diffusion coefficient in soil is directly proportional to
the diffusion coefficient in soil gas that is the same as headspace.
To estimate the effect of vacuum on t, s @ Pressurein the model
was set to 0.0313 atm corresponding to the saturated pressure
of water at 298 K. Benzene diffusion coefficient in water vapor at
0.0313 atm was calculated using Eq. (2).

At Kﬂ1 =150000, t, under vacuum were 0.15-2.3 min at all
studied K, and m_values (Figure 4A). The trends were similar to
those at atmospheric pressure, and t, . under vacuum were 42-
43 times lower than under atmospheric pressure. At K, = 8300,
t, 4 under vacuum were 0.04-0.14 min at all studied K, and m_
values (Figure 4B). The trends were also similar to those at
atmospheric pressure, and t, under vacuum were 42-43 times
lower than under atmospheric pressure. The obtained results
prove that the decrease of pressure in the vial substantially
decreases equilibration time at all studied values of distribution
constants and sample masses. CMP can be used to estimate the
effect of vacuum and optimize extraction time under vacuum

conditions.

3.4 Optimization of pre-incubation time

Pre-incubation time is an important parameter for
achieving greatest accuracy and precision of methods based on
HSSPME. It is required to establish the equilibrium between a
sample and headspace in a vial before introducing and exposing
an SPME fiber. Typically, pre-incubation time is optimized
experimentally. Recently, CMP has been successfully used for
optimization of preincubation time before HSSPME of VOCs
from a water sample [26]. The model developed for HSSPME of
VOCs from soil has been modified for optimization of pre-
incubation time by removing SPME fiber and related domains
from the geometry and physics. However, it was impossible to
accurately set the initial concentration of the analyte in soil and
soil gas, and another model was built using two ‘Transport of
Diluted Species’ physics (for soil and headspace).

According to the modeling results, equilibration time (t, )
depends on both sample mass and soil-headspace distribution

ISSN 1563-0331
elSSN 2312-7554

constant of the analyte (Figure 5). Atk , =1and 10, t . increases
linearly with the increase of sample mass. At K, = 100, t .
increases linearly only in the range from 1 to 5 g followed by a
decrease. At K, = 1000, 10000 and 1000000, thos decreases
linearly when increasing a sample mass from 2 to 10 g. At K, =
100000, t, . decreases linearly in the whole studied range of
sample mass. Thus, the developed model can be used for

optimizing the pre-incubation time.
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1000 -+-10000 -+-100000 -e-1000000

14
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()]
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Figure 5 — Effect of sample mass on the time required for
achieving 95% of the equilibrium of benzene between
headspace and soil (t, ) at 298 K, 1 atm and different

soil-headspace distribution constants

4. Conclusion

Thus, anew CMP model has been developed for optimizing
HSSPME of VOCs from dry soil samples. For optimization,
coating-headspace and soil-headspace distribution coefficients
at the extraction temperature, coating and soil porosities and
bulk densities should be known. Fluid diffusion coefficients can
be estimated using Fuller method. Sample mass, geometry of
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the extraction vessel, location of the fiber, extraction time and
pressure can be optimized using the model. Pre-incubation time
can also be optimized after a minor modification of the main
model. In addition to the optimization of extraction parameters,
the model can be used for a better understanding of an
extraction process, disclosing and solving various problems
related with, e.g., poor accuracy and precision.

In the future, the developed model can be improved by
considering soils saturated and unsaturated with water, which
can be done using the ‘Unsaturated Porous Medium’ feature in
the ‘Transport of Diluted Species in Porous Medium’ physics.
Such modeling will require soil-water distribution constants,
diffusion coefficients in water and volatilization rates for
studied analytes. The model can be improved by adding a
possibility of temperature optimization that will dependences
of most modeling parameters on the temperature. Losses of
unstable analytes during storage, pre-incubation and extraction
of samples can also be potentially estimated in the developed
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This paper presents the results of predicting drug-likeness, biological activity, and
toxicity for 8 new derivatives of 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one
using bioinformatic methods. The physicochemical and pharmacokinetic parameters
of the studied compounds were determined, in silico screening for biological activity
and prediction of their toxicity were carried out. Physicochemical and pharmacokinetic
parameters were evaluated using the Molinspiration Cheminformatics service. It was found
that compounds 1-11 corresponded to Lipinski’s rule for drug-like compounds. As predicted
in Molinspiration, compound 4 exhibits significant biological activity as a possible enzyme
inhibitor and G-protein coupled receptor ligand. Compound 6 is active as an ion channel
modulator. Virtual PASS screening identified compounds with potential antidiabetic
activity (1-3, 5-8) and activity in the treatment of phobic disorders and dementias (1-5, 7,
8, 11). Compound 1 can potentially act as a substrate for CYP2H, and inhibitors of enzymes
of the peptidase group are 1, 3, 4, 6, 7, 11. As a result of QSAR prediction based on LD,
values calculated in ProTox-1l, compound 10 belongs to class 6; compounds 1-3, 5 and 8
belong to the 5™ class of toxicity; compounds 6 and 9 belong to the 4" class. Compound
4 belongs to class 3. Compounds 1-9 do not exhibit the toxicities shown in the ProTox-II
models. Compounds 10 and 11 may be carcinogenic.

Keywords: tetrahydropyran-4-one; bioavailability; drug-likeness; biological activity;
toxicity; PASS.
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Makanaga 6rnonHdopmaTUKanbliK aaictepai nanganaHa OTbIpbIM,
3,5-6uc(rmppokcumeTnn)TeTparnapo-4H-nnmpan-4-oHHblH, 8 KaHa TyblHAbICHI  YLWiH
L3PiNiK KOCbINIbICTAPMEH YKCACTbIKTbl, BUONOrMANbIK 6eNCeHAINIKTI XaHe YbITTbINbIKTbI
6osKay HOTMKeNepi YCbIHbINFAH. 3epTTeneTiH KocCbiNbiCTapablH, GU3UKA-XUMUANDIK
KoHe dapMaKOKMHETUKaNbIK napameTpsepi aHblKTanapl, buonoruansik benceHginikke
in silico CKPUHWHTI KaHe 0NapAbIH, YbITTbINbIFbIH GONKAY KYPri3inai. PUUKA-XUMUANBIK
KoHe dapMaKoKMHEeTUKanblK napameTtpaepai 6aranay Molinspiration Cheminformatics
CEepBUCIHIH, KemerimeH Kyprisingi. 3eptrenreH 1-11 KocblnbICTapbl 42pPiNiK KOCblAbICTap
YWiH JIMNUMHCKKIA epexeciHe caiikec Kenepgi. Molinspiration 6onambiHa calikec, 4
KOCbIIbIC BMONOTUANBIK BenceHAinikTi depmeHT MHrMBUTOPBLI KaHe G aKybi3bIMeH
6alinaHbICKaH peuenTopnapapblH, AMraHAacbl peTiHae KepceTedi. 6 KOCbINbIC MOHAbIK
KaHan MoAyNATOPbIHbIK 6enceHainiriH Kepceteai. PASS bafgapnamacbiHAafFbl BUPTYanabl
CKPUHUHT auabeTke Kapcbl BenceHginiri (1-3, 5-8) kaHe ¢06TbIK By3binynap meH
AEMeHUMUAHbl emaey canacblHAafbl benceHainiri 6ap KocbibicTapAbl aHbiKTagbl (1-5,
7, 8, 11). ProTox-II LD, -ae ecentenreH QSAR 60/IKaMbIHbIH, HaTUXKeciHAe 10 Kocblinbic
6 Knaccka katagpl, 1-3, 5 kaHe 8 KOoCbI/NbICTap YbITTbINbIKTbIH, 5-KnacbiHa, 6 aHe 9
KOCblnbICTapbl 4 Knaccka ataAbl. 4 KOcblibiC 3 Kaaccka XaTtagbl. 1-9 KocbinbicTapbl
ProTox-Il mogenbaepiHae KepceTinreH ybITTbIAbIK TypaepiH kepcetneiai. 10 xaHe 11
KOCbI/IbICTap KaHueporeHai 60aybl MyMKiH.

TyiliH ce3pep: TeTparmgponupaH-4-oH; GUONKeTIMAINIK, Aspinepre YKcacTbiK;
6uonornanbik benceHainik; ybItTolabik; PASS.
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B HacToAwei paboTe npeaAcTaBAeHbl pe3ynbTaTbl NPOrHO3MPOBAHWUA CXOACTBA
C /IeKapCTBEHHbIMW COeAMHEHUAMM, OUONOrMYEeCcKON aKTUBHOCTM U  TOKCUYHOCTMU
ONA 8 HOBbIX NpousBoAHbIX 3,5-6uc(ruapokcumertun)tetparngpo-4H-nupaH-4-oHa ¢
MCNoib30BaHMEM BUOMHPOpMaTUMUECKUX MeToaoB. OnpegeneHbl GU3NKO-XMMUYECKUE
n bapMaKoOKMHETMYeCKMe MapameTpbl UcCaedyemblX CoeAuHeHUN, nposeaeH in silico
CKPUHUHT Ha 6MONOrMYECKY0 aKTMBHOCTb WM MNPOrHO3UPOBAHWE WX TOKCUYHOCTU.
OueHKa GU3NKO-XMMUYECKUX U dapMaKOKMHETUYECKMX NapameTpoB MNpoBoAWMAACh C
nomolbto cepsuca Molinspiration Cheminformatics. HailgeHo, 4To uccnenoBaHHble
coeanHenna 1-11 cooTBeTCTBYIOT NpaBuay JIMNUHCKM ANA NeKapCTBEHHO-NOLO06HbIX
coeauHeHunit. CornacHo nporHosmpoBaHuto B Molinspiration, coeguHenne 4 npoasnset
610N0rNYECKYI0 aKTUBHOCTb B KQUeCcTBE BO3SMOXKHOI0 MHIMBUTOpa GepMeHTOB M nuraHaa
peLenTopos, cBA3aHHbIX ¢ G-6enkom. CoeanHeHUe 6 NPoABAAET aKTUBHOCTb MOAYNATOPA
MOHHbIX KaHanoB. BupTyanbHbI CKPUHUHT B nporpamme PASS BbIABUN cOoefuHEHWMSA,
noteHuuManbHo obnagatowme npoTMeoaMabeTnyeckon aktTusHoctblo (1-3, 5-8) u
aKTUBHOCTbIO B 061acTu NeveHuns Gpobuyeckmx paccTpoicTs U gemeHuuin (1-3, 7, 8, 11).
CoeavHeHne 1 NOTEHUMANbHO MOKET BblCTynaTh cybcTpatom CYP2H, a uHrnbutopamu
dbepmeHTOB NenTuaasHom rpynnel seasoTcsa 1, 3,4, 6,7, 11. B pesynbtate nporHosa QSAR
Ha OCHOBE PacCYMUTaHHbIX B ProTox-1l 3HayeHui LD,,, coeanHeHune 10 oTHOCKTCA K Knaccy 6,
coeguHeHuna 1-3, 51 8 oTHOCATCA K 5 Knaccy TOKCUYHOCTU, coeanHeHna 6 u 9 oTHocATcA
K 4 rnaccy. CoegnHeHne 4 oTHocuTcAa K Knaccy 3. CoeauHeHua 1-9 He nposAsnAloT
BUAbl TOKCUYHOCTU, NpeacTaBaeHHble B mogensax ProTox-1l. CoeanHenunsa 10 n 11 moryTt
NPOABNATb KaHL,EPOreHHOCTb.

KnioueBble cnoBa: TeTparugponupaH-4-oH; 6MOAOCTYNHOCTb; NoAO6HOCTbL

nekapcTBam; 6Moa0rMyeckan akTMBHOCTb; TOKCUYHOCTb; PASS.
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1. Introduction

In the laboratory of al-Farabi KazNU, derivatives of
3,5-substituted tetrahydropyran-4-one 1 were obtained. The
synthesis and characteristics of 1-11 are given in [1-4]. The
structures of the described compounds are shown in the
scheme (Figure 1).

Tetrahydropyran-4-ones and their derivatives are among
the simplest, widely studied and used in medicine heterocyclic
compounds [5], which are building blocks for the synthesis of
compounds with biological activity [6-8]. Tetrahydropyran-4-
one cycles have been found in biologically active natural
compounds [9].

N,CAHQ

H OH
Ho/\éﬁw
o
2

Modern computer forecasting tools based on available
databases make it possible to in silico the
bioavailability, biological activity and toxicological properties of

investigate

organic compounds of various classes. This computational
approach facilitates the search for active compounds and
screening of drug candidates in preclinical studies.

Unfavorable bioavailability is an important reason for the
failure of drug candidates. Given the lack of experimental data
on the biological activity of compounds 1-11, in silico prediction
seems to be an appropriate approach for the preliminary
assessment of parameters such as bioavailability, biological
activity, and toxicity.

HO. | o OH
HOAEIK/I/\OH C3H7AO’N\
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Figure 1 — Derivatives of 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one
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The aim of this study is to predict the parameters of
bioavailability = and  drug-likeness by  Molinspiration
Cheminformatics [10], to predict the spectra of biological
activity by PASS online [11] and to calculate the toxicity by
ProTox-Il [12] for 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-
4-one 1 and its new derivatives 2-11.

2. Experiment

The synthesis and identification of 1-11 are reported in [1-4]

The program Molinspiration Cheminformatics was used to
calculate the topological polar surface area(TPSA), logP,
molecular weight (MW), the volume of the molecule, the
number of rotatable bonds (NRotB), the number of donors (ND)
and acceptors (NA) of hydrogen bonds.

The prediction of biological activity of 1-11 was performed
using PASS online. Chemical structures and SMILES notations
were created using ACD Labs ChemSketch [13].

QSAR prediction of the toxicity for compounds 1-11 was
performed using the ProTox-1l service. The training set consists
of 40,000 compounds; LD,, values were determined in
experiments on mice or rats.

3. Results and discussions

3.1 Drug-likeness and pharmacokinetic properties

In order to establish the bioavailability and drug-likeness
of the studied compounds, they were tested against Lipinski’s
“rule of five”, according to which active compounds can violate
no more than one of the following conditions (all numbers are
multiples of 5, which explains the name of the rule) [14]: a) the
number of H bond donors (the total number of N-H and O-H
bonds) does not exceed 5; b) the number of H bonds acceptors
(the total number of N or O atoms) does not exceed 10; c) the
molecular weight must be less than 500 a.m.u.; d) logP (measure
of lipophilicity of molecules) not higher than 5.

Lipinski’s rule is used to identify drug-like compounds,
although, like any rule, it allows exceptions [15-17]. But in
most cases, the compliance of compounds with this rule
determines their bioavailability and pharmacokinetics [18,
19]. The data in Table 1 shows that all tested compounds
satisfy Lipinski’s rule.

The descriptors for compounds 1-11 calculated using
Molinspiration Cheminformatics are shown in Table 1.

The datain Table 1 shows that all target compounds satisfy
Lipinski’s rule.

In addition to Lipinski parameters, the descriptors of
pharmacokinetic properties and bioavailability of molecules are
the molecular polar surface area (PSA) and the number of
rotatable bonds (NRotB).

PSA is defined as “the sum of the surfaces of polar atoms
(usually O, N, and attached H atoms) in a molecule” [16]. This
parameter correlates with the transport of compounds across
membranes, which links this descriptor to human intestinal
absorption and drug penetration through the blood-brain
barrier. Molinspiration Cheminformatics uses PSA calculated as
the topological area of the polar surface (TPSA, Table 1). The
literature indicates that ‘In order for molecules to cross the
blood-brain barrier and act on receptors in the central nervous
system, a PSA level of less than 90 A squared is usually required.
If the PSA of a molecule exceeds 140 A squared, it will not have
the ability to penetrate cell membranes” [20]. According to
calculations, molecules 1-11 satisfy both requirements.

Number of rotatable bonds “is a topological parameter
that is a measure of molecular flexibility. This parameter is used
as a descriptor for the oral bioavailability of drugs” [21]. A
rotating bond is any simple single non-ring bond with a non-
terminal atom (except H). So, C-N bonds (amide bond) have a
high rotational energy barrier, therefore they are not
considered as rotational. The NRotB should not exceed 10. As
Table 1 shows, all the studied compounds correspond to this
parameter.

Table 1 — Pharmaceutically significant descriptors and drug-like properties

Compound MW miLogP NA ND Volume, TPSA, NRotB Rule of 5
<500 <5 <10 <5 A cubed A squared <10
1 160.17 -1.20 4 2 146.66 66.76 2 +
2 162.19 -1.01 4 3 152.52 69.92 2 +
3 175.18 -0.75 5 3 158.95 82.28 2 +
4 245.28 0.85 6 2 229.07 88.36 6 +
5 203.24 -1.06 5 3 192.56 82.28 4 +
6 215.29 1.01 4 2 217.90 62.05 5 +
7 235.28 1.27 4 2 222.34 62.05 3 +
8 249.31 1.67 4 2 238.91 62.05 3 +
9 249.31 0.97 4 2 239.15 62.05 4 +
10 345.40 0.66 7 2 316.59 88.99 4 +
11 142.15 -0.09 3 0 128.77 35.54 0 +

NA — number of H bond acceptors; NB — number of H bond donors; TPSA — topological polar surface area; NRotB — number of rotatable bonds

BecTHuK KasHY. Cepua xummyeckaa. —2022. —Ne 4



E.M. Yergaliyeva et al.

17

Table 2 — Molinspiration analysis of bioactivity score

Compound  GPCR ligand lon channel modulator  Kinase inhibitor ~ Nuclear receptor ligand  Protease inhibitor ~ Enzyme inhibitor
1 -0.92 -0.59 -1.34 -0.92 -0.76 -0.38
2 -0.73 -0.35 -0.98 -0.71 -0.68 -0.10
3 -0.55 -0.41 -0.81 -0.73 -0.68 -0.17
4 0.08 -0.41 -0.61 -0.01 -0.38 0.08
5 -0.67 -0.10 -0.86 -0.97 -0.74 -0.14
6 -0.34 0.04 -0.68 -0.61 -0.41 -0.01
7 -0.40 -0.15 -0.44 -0.48 -0.42 -0.06
8 -0.36 -0.15 -0.40 -0.37 -0.38 -0.05
9 -0.19 -0.02 -0.28 -0.45 -0.32 -0.04
10 -0.50 -0.64 -0.52 -0.72 -0.59 -0.26
1 -1.21 -0.72 171 -1.21 -1.05 -0.68
3.2 Prediction of biological activity receptors. Compound 6 is active as an ion channel modulator.
Biological activity parameters calculated using Compound 11 doesn’t have any activity against all analyzed

Molinspiration Cheminformatics are distributed as follows:
more than 0 — significant biological activity; from -0.5 to 0 -
moderate activity; less than -0.5 — inactive.

The prediction results are shown in Table 2.

Compound 4 shows significant biological activity as a
possible inhibitor of enzymes and a ligand of G-protein coupled

Table 3 — PASS screening results, probability (%)

parameters.

The biological activity for compounds 1-11 was also
predicted using PASS online. The entire obtained data was
analyzed and only the highest activity indicators (P ) of the
studied compounds were selected. The results of in silico
screening are shown in Table 3.

No Biological activity % No  Biological activity %

1 CYP2H substrate 923 2 Sugar-phosphatase inhibitor 91.9
Sugar-phosphatase inhibitor 87.8 Alkenylglycerophosphocholine hydrolase inhibitor 90.9
Acrocylindropepsin inhibitor 87.8 UDP-N-acetylglucosamine 4-epimerase inhibitor 88.2
Chymosin inhibitor 87.8 Glucan 1.4-alpha-maltotriohydrolase inhibitor 87.2
Saccharopepsin inhibitor 87.8 86.3
Phobic disorders treatment 87.1 Pullulanase inhibitor 85.8
Alkenylglycerophosphocholine hydrolase inhibitor 86.9 Ribulose-phosphate 3-epimerase inhibitor 85.3
Ubiquinol-cytochrome-c reductase inhibitor 85.2 Testosterone 17beta-dehydrogenase (NADP*) inhibitor 85.2

3 Antiischemic, cerebral 869 4 Saccharopepsin inhibitor 85.8
Phobic disorders treatment 84.2 Acrocylindropepsin inhibitor 85.8
Sugar-phosphatase inhibitor= 80.4 Chymosin inhibitor 85.8

Alkenylglycerophosphocholine hydrolase inhibitor 85.2
Phobic disorders treatment 84.8

5 Phobic disorders treatment 833 6 Sugar-phosphatase inhibitor 83.5
Sugar-phosphatase inhibitor 77.2 Saccharopepsin inhibitor 83.4
Alkenylglycerophosphocholine hydrolase inhibitor 75.9 Acrocylindropepsin inhibitor 83.4

Chymosin inhibitor 83.4

7 Saccharopepsin inhibitor 843 8 Ubiquinol-cytochrome-c reductase inhibitor 79.2
Chymosin inhibitor 84.3 Alkenylglycerophosphocholine hydrolase inhibitor 78.1
Acrocylindropepsin inhibitor 84.3 Phobic disorders treatment 77.1
Phobic disorders treatment 84.2 Sugar-phosphatase inhibitor 75.8
Sugar-phosphatase inhibitor 82.1
Alkenylglycerophosphocholine hydrolase inhibitor 81.7

ISSN 1563-0331
elSSN 2312-7554

Chemical Bulletin of Kazakh National University 2022, Issue 4



18

In silico drug-likeness, biological activity and toxicity prediction of new...

Table 3 — PASS screening results, probability (%) (Continued)

No Biological activity % No Biological activity %

9 Atherosclerosis treatment 847 10 Analgesic 86.0
Potassium channel small-conductance Ca-activated 3 81.6 Antiinflammatory 84.3
blocker Antiviral (Picornavirus) 79.4
Phobic disorders treatment 80.9 Analgesic, non-opioid 78.0

Insulysin inhibitor 75.7

11  Phobic disorders treatment 92.3 Acrocylindropepsin inhibitor 89.1
Testosterone 17beta-dehydrogenase (NADP+) inhibi- 89.4 Chymosin inhibitor 89.1
tor Aspulvinone dimethylallyltransferase inhibitor 88.4
Saccharopepsin inhibitor 89.1

Compounds 1, 2 and 11 show the most significant results.
With a probability of 92.3%, compound 1 can exhibit the
properties of a CYP2H substrate (CYP2H belongs to the family of
heme-containing monooxygenases, metabolizing xenobiotics,
including drugs).

Compound 11 shows a high probability of activity (92.3%)
in the treatment of phobic disorders. This activity is also found
for compounds 1, 3-5 and 7-9.

The properties of a sugar-phosphatase inhibitor are
exhibited by compounds 1-3, 5-8 with a probability from 75.8
(8) t0 91.9% (2). Sugar phosphatase inhibitors are used to treat
type 2 diabetes mellitus [22].

Activity  in the inhibition of
alkenylglycerophosphocholine hydrolase was established for
compounds 1, 2, 4, 5, 7 and 8 (78.1-90.9% of probability).
Alkenylglycerophosphocholine hydrolase inhibitors are among
“the acetylcholinesterase inhibitors used in the treatment of
Alzheimer’s disease and other dementias” [23].

Thus, according to the results of PASS prediction,
compounds 1-11 are likely to have a wide range of biological
activity, including atherosclerosis treatment (9), inhibition of
the activity of enzymes of peptidase groups (1, 3, 4, 6, 7, 11),
testosterone 17beta-dehydrogenase (NADP+) inhibition (2, 11),
anti-ischemic (3), analgesic (10), anti-inflammatory (10)
activities and others.

Analyzing the relationship “Structure - Activity” based on
the results of screening, we can conclude that the widest set of

relation to

activities with high P was obtained for small molecules, for
which there are well-studied analogues in the databases. Such
examples are 3,5-substituted tetrahydropyran-4-one 1 and its
reduction product 2, as well as the bicyclization product 11.
When passing to the oximes (3—4) and imino derivatives of the
ketone (5-10), a decrease in the amount of activities and P_
becomes noticeable. It is possible that imino derivatives are less
represented in the PASS database than ketones and their other
derivatives. More detailed screening reports are provided in
the Supplementary material.

3.3 Prediction of toxicological properties
ProTox-Il is a virtual laboratory for predicting some of the
toxicological properties associated with chemical structure.

Prediction is performed using computer models, trained on real
experimental data (in vitro or in vivo). That allow in silico
calculation of the acute toxicity class and toxicological activity
of a compound based on chemical and structural similarity to
toxic compounds.

As the prediction results in Table 4 show, compound 10
belongs to toxicity class 6 (non-toxic). Compounds 1-3, 5, 7, 8
and 11 belong to the class 5 (may be harmful if swallowed) with
a probability between 54.3 and 69.3%. Toxicity class 4 includes
compounds 6 and 9 (harmful if swallowed). Compound 4 is
predicted to be class 3 with a 54.3% probability (toxic if
swallowed). The prediction accuracy may depend on the
number of compounds of a similar class in the training set of the
QSAR model.

Table 4 — ProTox-l prediction of LD, and toxicity class

Predicted Predicted Average Prediction
Compound LD, Toxicity similarity, accuracy,
mg/kg Class % %

1 3730 5 78.48 69.26
2 3000 5 72.06 69.26
3 3000 5 50.79 67.38
4 284 3 47.17 54.26
5 3000 5 41.59 54.26
6 1300 4 43.84 54.26
7 3000 5 46.85 54.26
8 3000 5 50.57 67.38
9 840 4 43.29 54.26
10 5600 6 72.37 69.26
11 3730 5 76.03 69.26

When analyzing the relationship “Structure - Toxicity” in a
series of studied derivatives, it can be noted that the elongation
of the substituent chain leads to a change in the toxicity class
compared to their analogues. For example, the toxicity of
compound 4 compared with 3; or the toxicity of 9 compared
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with 7 and 8. However, to draw a more accurate conclusion, a
series with a large number of derivatives is needed, which is
beyond the scope of this study.

ProTox-Il also predicts several types of toxicity, such as
carcinogenicity, mutagenicity, hepatotoxicity, immunotoxicity,
cytotoxicity, etc. According to the prediction results, compounds
1-9 are not active for all types of toxicity presented in ProTox-II
models. Compounds 10 and 11 might exhibit carcinogenic
properties (the probabilities are 53 and 55% relatively).

4. Conclusion

The physicochemical and pharmacokinetic parameters of
3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one 1 and its
new derivatives 2-11 were determined, in silico screening of
biological activity and prediction of their toxicity were carried
out. Physicochemical and pharmacokinetic parameters were
evaluated using the Molinspiration Cheminformatics service. It
was found that compounds 1-11 corresponded to Lipinski’s rule
for drug-like compounds.

As predicted in Molinspiration, compound 4 exhibits
significant biological activity as a possible enzyme inhibitor and
G-protein coupled receptor ligand. Compound 6 is active as an
ion channel modulator.

Virtual PASS screening identified compounds with
potential antidiabetic activity (1-3, 5-8) and activity in the
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treatment of phobic disorders and dementias (1-5, 7, 8, 11).
Compound 1 can potentially act as a substrate for CYP2H, and
inhibitors of enzymes of the peptidase groupare 1, 3,4, 6,7, 11.

As a result of QSAR prediction based on LD,  calculated in
ProTox-Il, compound 10 belongs to class 6; compounds 1-3, 5
and 8 belong to the 5" class of toxicity; compounds 6 and 9
belong to the 4" class. Compound 4 belongs to class 3.
Compounds 1-9 do not exhibit the toxicities shown in the
ProTox-Il models. Compounds 10 and 11 may be carcinogenic.

The results show that 3,5-bis(hydroxymethyl)tetrahydro-
4H-pyran-4-one and its new derivatives demonstrate a wide
spectrum of activity in silico and can be used for the synthesis of
potential biologically active compounds.
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B HacToAwee BpemA HebeH3ougHble apomaTUyeckMe YIrIeBoAOPOAbl  HaxogAT
WIMPOKOE NpPUMEHEeHMe B KayecTBe MNPEKYpCoOpoB [A/NA CUHTE3a HOBbIX MaTepuanoB ¢
No/ie3HbIMKU 3/1IEKTPOHHbIMM CBOMCTBAaMWU. B 4acTHOCTM, HeanbTEPHAHTHbLIM apoMaTUYecKuin
yrneBsogopos, asyneH € YHUKaNbHOW AWMONbHOMN CTPYKTYPOWM U CKAOHHOCTbIO K 06pasoBaHuio
CTabUNN3NPOBaAHHbIX MOH-PafMKanoB A[OMKeH 6biTb npegonpefeneH Kak CTPOUTENbHbIN
610K ANA MNOAYYEHUA HOBbIX T-COMPAMEHHbIX CUCTEM C UHTEPECHbIMU OMTO3/EKTPOHHbIMU
cBOMCTBamMU. B 3Toi cTaTbe paccmaTpuBaeTcA HamnpaBAEHHbI CUHTE3 W UcC/ief0BaHue
ONTUYECKUX CBOWCTB HOBbIX [OHOPHO-aKLENTOPHbIX COEAMHEHUI Ha OCHOBe asy/ieHa.
MoKa3aHo, YTO ANA CUMHTEe3a AO0HOPHO-AKLENTOPHbIX GEHWUNKETOHHbIX a3y/lieHOB B Ka4yecTBe
K/IOYeBON CTagauM BrepBble MCMO/b30BaHa peakuua HanpasnaeHHoro (8 monoxenue C, un C))
aumnuposanua 6eHsonnxnopuaom B npucytcteum Li,MnCl, 8 TeTparngpodypaHe. BbiasneHo,
4YTO nNyw-nynbHble GEeHUNAUUMAHOBUHUbHbIE a3y/ieHbl MOJiyd4aemble NyTEM KOHAEHCauuu
KHéBeHarensa a3yNeHUIKETOHOB C MaJIOHOHUTPUIOM JIETKO NPOTEKAIOT (C yBENMYEHMEM BbIXOAA
KOHEYHbIX NPOAYKTOB) B MPUCYTCTBUU NUPUANHA B AUMETUNCYAbOOKCUAE. DNEKTPOHHbIe YO-
BUAMMbIE CNEKTPbl GEHUNANLNAHOBMHUABLHBIX a3y/€HOBbIX COeAMHEHUI MOKa3anu CUabHble
Nnosocbl NOrNOWeEeHUA B BUAMMON obnacTtu ()\MM: 452 n 434 HM), BbI3BaHHbIE MHTEHCUMBHbLIM
BHYTPUMO/IEKYNAPHbBIM MEepPeHOCOM 3apAAa MeXay [JAOHOPHbIM a3y/leHOBbIM KO/MbLOM U
aKLenTopHon GeHUNANLUAHOBUHUABHOW FPYNNoN.

KnioueBble cnoBa: asy/ieH; [AUUMAHOBUHUAMPOBAHHbIE
KOHAEeHcaums KHeBeHarens; nyw-nynbHble MOJIEKYNbI;
BHYTPMMO/IEKYNAPHbIN NepeHoc 3apaaa.
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Kasipri yakbiTTa 6eH3omaTbl emec apomaTTbl KemipcyTeKkTep naigansl 3N1eKTPOHAbIK
KacveTTepi 6ap KaHa MmaTepuangapdpl CUHTe3Aey YWiH NpeKypcopnap peTiHAe KeHiHeH
KoNnAaHblnazbl. ATan alTKaHAa, epeKlle AMMNOAbAI KYPblbIMbl K9HE TypaKTaHAbIpbIAFaH
pagukanabl MoHAAPAb!I KYPY YpAici 6ap anbTepHaHTTbl emec apoMaTTbl KeMipCyTeKTi asyneH
KbI3bIKTbl ONTO3/IEKTPOHAbIK KacneTTepi 6ap KaHa M-KOHbIOraunaAnaHfFaH xyenepai any ywiH
KYPbINIbIC 91€MEeHTI peTiHAe anAbliH ana aHbIKTaNnblHY Kepek. byn makanaga asyneH HerisiHaeri
KaHa [A0HOP/bI-aKLEeNTOPAbIK KOCbIAbICTapAblH, 6afbiTTanfaH CUHTE3i KaHe ONTUKaNbIK
KacueTTepiH 3epTTey KapacTblpbingbl. [JOHOPAbI-aKLENTOPAbIK GEHUAKETOHAb!I a3yneHaepiH
CUHTe3Aey ywiH 6eHsounaxaopuaneH LizMnCI4 KaTbICybIMeH TeTparuapodypaHaa b6afbITTanfaH
aumnnaeHy peakuuacel (C,xxaHe C, opbiHAAPbIHA) Herisri caTbl peTiHAEe anfalw peT KoAAaHbINFaHbI
KepceTingi. A3yneHUNKeTOHAapPblH  ManoHOHUTpUAMeH KHeBeHarenb KoHAgeHcauuanay
APKbINbl aNblHFaH NywW-nynbAi GeHUNANLMAHOBUHUALT asyneHaep MUPUAWMHHIH, KaTbiCybiMeH
AvmeTuncynbGoKcuaTe OHaw KYpPeTiHi (COHFbI OHIM LbIFbIMbIHbIH KOFapblaaybiMeH) aHbIKTanAbl.
PeHUNANUNAHOBUHUAAT a3yNieH KOCbINbICTAPbIHbIH, 371eKTPOoHAbl YK-KepiHeTiH cnekTpnepi
[OHOPAbI a3yNeH CaKWMHAcbl MeH aKuenTopabl $GeHuNnauMuMaHoBUHWUA Tobbl apacbiHAafbl
MHT@HCMBTI MO/IEKYNAIWINIK 3apAA a/IMacybiHaH TyblHAaFaH KepiHeTiH alimakTa (A =452 kaHe
434 HM) KYLTI CiHipy XKONaKTapblH KEPCEeTTI.

TyiiiH ce3pep: asy/ieH; AMUMAHOBMHWALEHTeH asyneHaep; auumngeHy; KHeseHarenb
KOHZEHCcauuAChl; NywWw-nNynbAi MOIeKyNanapbl; ONTUKANbIK KacMeTTep; MONEKyNaiWiNiK 3apaaTbl
Tacbimangay.

Synthesis of donor-acceptor
compounds based on azulene
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At present, non-benzenoid aromatic hydrocarbons are widely used as precursors for the
synthesis of new materials with useful electronic properties. In particular, the non-alternative
aromatic hydrocarbon azulen with a unique dipole structure and a tendency to form stabilized
radical ions should be predetermined as a building block for obtaining new m-conjugated systems
with interesting optoelectronic properties. This article discusses the directed synthesis and study
of optical properties of new donor-acceptor compounds based on azulene. It was shown that for
the synthesis of donor-acceptor phenylketone azulenes, the reaction of directed (to positions C
and C,) acylation with benzoyl chloride in the presence of Li,MnCl_ in tetrahydrofuran was used
for the first time as a key step. It was found that push-pull phenyldicyanovinyl azulenes obtained
by Knoevenagel condensation of azulenylketones with malononitrile flow easily (with an increase
in the yield of end products) in the presence of pyridine in dimethyl sulfoxide. Electron UV-visible
spectra of phenyldicyanovinyl azulene compounds showed strong absorption bands in the visible
region (A__ =452 and 434 nm) caused by intense intramolecular charge transfer between the
donor azilene ring and the acceptor phenyldicyanovinyl group.

Keywords: azulene; dicyanovinylated azulenes; nucleophilic acylation; Knoevenagel
condensation; push-pull molecules; optical properties; intramolecular charge transfer.
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1. BBepeHue

B HacTosAwee BpeMa pacTyLWmid UHTEPEC K MT-CONpPAXKeH-
HbIM MPOU3BOAHBIM AapPOMATUYECKUX COEAMHEHUI BBUAOY WX
BA)XHOCTM B KayecTBe OYHKUMOHA/NbHbIX MaTepuasnoB Ans
OpPraHMYecKol ONTO3NIEKTPOHUKM B 3HAYUTENbHON CTeneHwu
COCPeAOTOYEH HA CUHTE3e AO0HOPHO-aKLENTOPHbIX BeH3ons-
HbIX U reTepoapomaTuyeckmux coeamHeHuin. OaHaKo HebeH-
30MAHble apoMaTU4YecKMe COeAMHEHUA He Hawau CBOero
LIMPOKOTo NPUMEHEHUA B Ka4yecTBe NPEeKypcopoB A/1A CMHTe3a
HOBbIX MaTEPMA/IOB C NO/IE3HBIMWN 3NEKTPOHHBIMU CBOMCTBAMU.
K TakoBbIM OTHOCUTCA HebeH3oMAHbIN apomaTUYecKui
yrnesogopos asyneH (1). A3yneH ABAAETCA  YHUKaNbHbIM
HeanbTePHAHTHbIM YINeBoA0poaoMm, cocToAMM u3
KOHAEHCUPOBAHHbBIX MATU- W CEMUYNEHHbIX UMKAoB. Ero
pe30oHaHCHaA CTPYKTypa MOKa3aHa Ha pUCyHKe 1, KoTopbil
COLEPMUT  INEKTPUYECKM  3apsKeHHble  UWKAbl, NpuBO-
AAWne K BHYTPUMONEKYNAPHOMY AUMNONBHOMY MOMEHTY
nopsagkKka 1,08 D [1].

OcobeHHana CTpyKkTypa asy/neHa 6onbLwon
WHTepec B 06/1aCTU ONTUYECKUX U 3SNEKTPOHHbIX MCCaeno-
BaHMi [1-3]. OH HeobblueH He TOJIbKO CBOEW MONAPHOM
npUpPoAON, HO N 0COBEHHOCTbIO IHEPreTUYECKOro nepexoaa.
A3yneH umeeT HebobLLIYIO 3anpeLLeHHYo 30Hy B3MO (Bbicwan
3aHATAaA MoJsiekynsapHas opbutans) — HCMO  (Hu3was
cBoboaHaA MosiekynspHaa opbuTtanb). ITO CBA3AaHO C ero
HeanbTep-HAHTHOM NPUPOAON, KoTopasa MHAyunpyeT B3MO u
HCMO K He 3epKasbHOMY PaCNO/IOXKEHUD, TeM CamMbiM
YMEHbLLAA B3aMMHOE OTTaNKMBaHME MeXAY 3/1eKTPOHaMMU.
Kak cneactsue, sHepretuyeckasa wens B3IMO - HCMO
CHMYKAEeTCA NO CPaBHEHWIO C OObIYHbIMW anbTePHaHTHbIMMU
apoOMaTU-YEeCKUMU coeauHeHnamM [4]. A3yneH paeTt cuibHoe
NornoweHve, CBA3aHHOE C ONTUYECKUM Nepexoaom S - S, [5], 8

Bbl3Ba/sa

TO Bpems Kak ero nepexof S - S, AaeT cnaboe nornoweHue B
BMAMMOM gMana3oHe, YTo o6bsACHAET ero cMHKUiA uBeT [6]. Ewe
ofiHa OCOBEHHOCTb a3y/neHa 3aK/al4yaeTcA B TOM, YTO ero
dnyopecueHuMa B OCHOBHOM MPOWCXOAWT M3 COCTOAHMA S,
TOrAa Kak nepexog S, - S HesHauuTeneH [7]. 9ToT xapakTep
nepexoga HapywaeT npasuna Kawa[2,7]. MNpuumHoi ero
aHOMaNbHOW GAyopecLeHTHOW MpUpoabl ABAAETCA TO, YTO
SHEepPreTUYeCKasn We/ib Mexy COCTOAHMEMS, S, OTHOCUTE/IbHO
BesivKa (AE 60s1ee 10000 cm?) [8], 4TO NPUBOAUT K yMEHbLIEHUIO
CKOpOCTW nepexoAa OT S, K COCTOAHMIO S,, B pesynbTaTe Yero,
U3nyyeHue oT S, K S| CTaHOBUTCA AOMUHUPYIOWMM.

PucyHok 1 — A3yneH (1) v ero pe3oHaHCHanA CTPYKTypa

2. dKCnepuMmeHT

MK cnekTpbl 3anucbiBaan Ha Pypbe - cnekTpomeTpe
Avatar - 360 (CLUA) B TabneTtkax ¢ KBr. CnekTtpbl AMP *H n 3C
peructpuposaan Ha cnektpometpe JeolECA-500 (finoHwus)
[pabouas uactota 500.15 MTu] B8 CDCl,, BHYTpeHHWIA cTaHAapT
- TMC. CneKTpbl NOrOWEHNA CHAMAAN Ha cNekTpodoToMeTpe
Shimadzu UV-1800 (finoHua) 8 aguxnopmetaHe (C=10"* monb/n).
Macc-cnekTpbl CHMManM Ha XPOMaTO-MacC-CNeKTpomeTpe
Shimadzu GC-MSQP-2010 Ultra (AnoHuAa) ¢ WoHU3auMen
3NEeKTPOHHbIM yaapom (3Heprus noHumsauumn 70 3B, KONOHKa
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GsBP-5MS: 0,25 mKm x 0.25 mm x 30 m, ras-HocuTenb renvi,
mMeToAMKa nporpammupyemoro Harpesa oT 100 po 300°C,
PEeXUM CKaHMPOBAHUA BCEX LLeNOYUCAEHHbIX 3HAUYEeHUI M/z B
AvnanasoHe ot 15 go 900 co ckopocTbio 5000 a.e.m./cek).
dNeMeHTHbI aHanu3 BbINOAHANAM Ha aBTomaTuyeckom CHNS-
aHanusatope EuroVektor EA-3000 (WTanus). Temnepatypy
nnaBneHna onpegensnu Ha npubope Melting Point M-560
(Weenuapua). Ana TCX ucnonb3osanu naactuHkm Sorbfil MTCX-
A®-YO (Poccus), reKcaH, rekcaH-3TMNaueTaT,
NPOsAB/AN HAaCcbIWeHHbIM pacTBopom KMnO,. [115 KOJIOHOUHO
XpomaTorpadumn ncnonbsosanu cunmnkarens 60 (Merck).

McxopHblie asyneH (99,5%), NBS (99%), 6eH3ounnxnopug,
(99%), manoHoHuTpun (299%), Li,MnCl, (0,5 M pactsop 8 TI®),
OMCO (99,5 %), Tr® (6e3soaHbIin, 299.9%), nnpnaunH (299,0%),
anxnopmeTtaH (299,8%) npowusBoacTBa KOMMaHuum «Sigma-
Aldrich» ncnonbszosanu 6e3 4ONOAHUTENBHOW OUNCTKMU.

1-Bpom asyneH (2). K pactsopy 0,1 r (0,78 mmosib) a3yneHa
(1) 8 3mn auxnopmetaHa npu 0°C B aTmocdepe aproHa
pobasnanm 0,13 r (0,78 mmonb) NBS. 3aTem peaKuMOHHYIO
cmecb nepemewunBanu B TedyeHne 30 MMH MPU KOMHATHOWM
Mocne OKOHYaHWMA peakuun pacTBopuUTeNb
Bakyyme. OCTaTOK OYMWANN  KONOHOYHOM
XpomaTorpadpuein Ha cuamkarene (3/M0EHT - rekcaH). Bbixoa
0,11 (68%), cuHee macno. UK cnekTp, v, cm*: 1578-1389 (C=C).
Cnektp AMP *H, §, m.4.: 7,12 7 (1H, H% J 9,9 Tu), 7,19 T (1H, H’, )
9,81),7,29 4 (1H,H3,J 4,2 Tu), 7,56 T (1H, H¢, 19,8 T'u), 7,80 4, (1H,
H% 14,2 Tu), 8,19 g (1H, H* J 9,5 ), 8,32 g (1H, HE, J 9,8 ).
Cnektp AMP 3C, 6, m.a.: 104,1, 1171, 123,4, 123,7, 135,4,
136,1, 137,3,137,9, 138,8, 140,1. Macc-cnekTtp, m/z (Im, %): 206
(43,10) [M]*. HanpeHo,%: C, 57,93; H, 3,37. C HBr
BbluncneHo, %: C, 58,00; H, 3,41.

1,3-Anbpom asyneH (3). K pactsopy 0,1 r (0,78 mmonb)
asyneHa (1)s 4 mn auxnopmetaHa npu 0°C B aTmocdepe aproHa
pobasnanm 0,261 (1,56 mmonb) NBS. 3aTem peaKuMOHHYO
cmecb nepemewwnsanu B TedeHne 30-40 MUH NPU KOMHATHOWM

3/TIOEHT -

TemnepaType.
oTorHanu B

TemnepaType. [locfie OKOHYaHMA peaKkuuu pacTBopuUTENb
OoTOrHanM B Bakyyme. OCTaTOK OYMLLaAM KOJIOHOYHOW
XpomaTtorpaduein Ha cuaMKarene (3/10€HT - TeKcaH) wu

nepekpucTannmsaymen ns guxaopmetaHa. Boixog 0,20 r (90%),
CUHUe KpucTannbl, T.na. 92-93°C. UK cnektp, v, cm™: 1574-1377
(C=C). CnekTp AMP H, §, m.4.: 7,28 T (2H, H>7, 1 9,9 Tu), 7,65 T
(1H, HS,1 9,8 Tw),7,81 ¢ (1H, H?), 8,30 4 (2H, H*%, 1 9,9 Tu). CnekTp
AMP 3C, 6, m.4.: 102,9, 124,2, 135,9, 136,8, 138,4, 140,2. Macc-
CneKkTp, m/z (Im, %): 284(53,17) [M]*. HageHo, %: 41,92; H,
2,07. CstBrz. BbluncneHo, %: C, 42,00; H, 2,11.
1-MoHo(deHunkeToH) asyneH (4). Pacteop 0,1 r (0,78
MMOb) BpomasyneHa (2) 8 1 mn TIP gobasuam K cycneHsum
0,02 r (0,79 mmonb) marHua 8 2 ma TIP B aTmocdhepe aproHa.
3aTeM peaKLUMOHHYI0 CMeCcb NepemMelLMBaaun Npu HarpeBaHum B
TeyeHue 2 4. [lanee nony4YeHHbl peareHT MpMHbAPa NpMKananu
K pacteopy 0,11 r (0,78 mmonb) 6eHsounnxnopuga n Li,MnCl,
(0,02 mmonb) 8 3 Ma TID npun 0°C. 3aTem cmecb NnepemeLllnBanm
B TeyeHMe 14y npu KOMHATHOM TemnepaType. [locne
3aBepLeHns peaKkLmm peakLMOoHHY cMmecb Bbinnuaun 8 30 mn
XONOAHOW AWCTUAMPOBAHHOW BOAbl M 3KCTparMpoBanu

AuxnopataHom. OpraHuuyeckylo ¢asy cywmam Hag MgSO,,
pacTBopuTesb OTOrHaAM B Bakyyme. OCTaTOK ouulanu
KONOHOYHOM XpomaTorpaduelt Ha cunukarene (3N10EHT:
rekcaH-atunauetatr, 9:1) ¥ nepeKkpuctanausauuen wu3
AnxXnopmeTaHa. Bbixog, 0,131 (71%), TEMHO-KpacHble
KpucTtannol, T.na.111-112°C. UK cnekTp, v, cm™: 1663 (C=0),
1588-1393 (C=C). CnekTtp AMP H, §, m.4.: 7,30 4 (1H, H3,J 4,15
fu), 7,48-7,52 m (ZHEPOM), 7,551 (1H, H’, 19,8 Iy), 7,56 T (1H, H*, J
9,8 y), 7,64 T (1H, H®, J 9,8 y), 7,83-7,86 m (3Hapw), 8,08 4 (1H,
H?, ) 4,15 Iy), 8,52 g (1H, H*, 19,8 Tu), 9,75 4 (1H, HE, J 9,8 ).
Cnektp AMP 3C, §, m.4.: 117,77, 125,03, 127,65, 128,21, 129,26,
129,69, 131,27, 138,69, 139,28, 139,74, 141,39, 141,66, 142,72,
145,36, 193,07 (COPh). Macc-cnekTp, m/z “om' %): 232 (55,00)
[M]*. HaltaeHo, %: C 87,99; H5,19. C,,H,,0. Bbluncnero, %: C
87,90; H5,21.

1,3-buc(peHunnketoH) asynen (5). Pactsop 0,1 r (0,78
MMOb) AnbpomasyneHa (3) 8 1 ma Trd gobasuam K cycneHsmm
0,04 r (1,58 mmonb) martua 8 4 mn TFd B atmochepe aproHa.
3aTem peakLMOHHY CMecb NnepemeLlnBa n Npu HarpeBaHum B
TeyeHue 2 4. [lanee NoNy4eHHbIN peareHT PUHbAPa NpuKananu
K pacteopy 0,22 r (1,56 mmonb) 6eHsounnxopuga v Li,MnCl,
(0.04 mmonb) B4 mn TTd npun 0°C. 3aTem cmecb nepemeLlnsanm
B TedyeHne 1,54 npu KOMHATHOM TemnepaTtype. [ocne
3aBeplUeHMA peaKkLnn peakLuMoHHy cMmecb Bblanan 8 40 mn
XONOOHOW AUCTUANMPOBAHHOM BOAbl M 3KCTparMpoBanu
AuxnopataHom. OpraHuueckylo ¢asy cywmam Hag MgSO,,
pacTBopuTenb OTOrHanM B Bakyyme. OCTaTOK ouulianu
KONOHOYHOM XpomaTorpaduelt Ha cunukarene (3N110EHT:
rekcaH-atunauetatr, 9:1) v nepekpuctanaumsauuen  wu3
auxnopmeTaHa. Bobixog 0,161  (60%), TemMHO-KpacHble
Kpuctannsl, T.nn. 174-175°C. UK cnekTtp, v, cm™: 1624 (C=0),
1508-1388 ( C=C). CneKktp AMP *H, §, m.4.: 7,45 -7,48 m (3Hapw),
7,53-7,56 m (3Hapom), 7,83 yw, 4, (4Hap0M'J 8,5My), 7,907 (2H, H7,J
9,8 My), 8,10 7 (1H, HE, J 9,8 Tu), 8,24 c (1H, H?), 9,85 4 (2H, H*%, )
9,8 Tu). CnekTp AMP 3C, §, m.4.: 124,02, 128,42, 129,74, 131,96,
132,50, 136,01, 140,45, 140,85, 142,09, 145,21, 146,95, 193,05
(COPh). Macc-cnekTp, m/z(l_ , %): 336 (63.05) [M]*. HaiigeHo, %:
C 85,62; H4,75. C24H1602. BbluncneHo, %: C 85,69; H 4,79.

1-MoHo(deHunauumnaHosmuun) asyneH (6). K pactsopy
0,2 r (0,86 mmosb) KeToHa (4) B8 2 ma AMCO npu KOMHaTHOM
TemnepaTtype B aTmocdepe aproHa npubasnanu pacteop 0,1 r
(1,5 Mmmonb) manoHoHuUTpMaa B 1mMAa nupuanHa. 3atem
pPeakUMOHHYI0 CMeCb MnepemellvMBanu B TedyeHue 84 npu
TemnepaType 107-110°C. NMocne oKoH4YaHUA peakuunn JMCO un
NUPUAMH OTOrHaAWN B BaKyyme. OCTAaTOK OYULLANM KOIOHOYHOM
XpomaTorpaduei Ha cuaunkarene (3NOEHT: rekcaH-3TMNaLeTaT,
9:1) n nepeKpucTanansaumnen ns guxaopmeTaHa. Boixog 0,17 r
(71%), KpacHble KpucTannbl, T.na. 149-150°C. UK cnekTp, v,
cm™: 2216 (CN), 1508-1365 (C=C). Cnektp AMP H, §, m.4.: 7,33
4 (1H, H3, 14,15 y), 7,47 -7,54 m (3Hap0M), 7,60 -7,63 m (ZHEPOM),
7,66 T (2H, H>7,1 9,8 Tu), 8,01 T (1H, H®, J 9,8 Tu), 8,07 g (1H, H?, )
4,15Tu), 8,10 4 (1H, H*, 19,8 Tu), 8,15 4 (1H, H?, 19,8 I'y). CnekTp
AMP 13C, §, m.4.: 116,08, 117,11, 120,05, 121,18, 125,25, 130,84,
131,21, 132,85, 136,55, 141,17, 142,60, 145,49, 146,79, 151,18,
168,38. Macc-cnektp, m/z(l _, %):280(78,12) [M]*. HaingeHo, %:

otH’
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C85,61; H4,27; N 9,89. C, H,,N,. Beiumcnero, %: C 85,69; H 4,31;
N 9,99.

1,3-buc(peHnnguumarHosunun) asynet(7). K pacrtsopy
0,2 r (0,6 mmonb) gukeToHa (5) B 2 mn AMCO npu KOMHaTHOWM
TemnepaType B aTmocdepe aproHa npubasnanu pacteop 0,2 r
(3 mmonsb) 2MN NUpUAMHA.  3atem
peakuMOoHHYl0 CMecCb nepemelivMBann B TedyeHne 10 4 npu
TemnepaType 107-110°C. Nocne okoH4YaHUA peakunun AMCO un
NUPULMH OTOrHaNAK B BaKyyme. OCTaTOK OYMLLANU KONOHOYHOM

ManoOHOHUTPUNA B

XpomaTorpadpuein Ha cunuKarene (3110EHT: rekcaH-aTuNaLeTaT,
9:1) n nepeKpucTannmsaumei us guxaopmertaHa. Boixoa 0,18 r
(70%), KpacHble KpucTannsbl, T.Na. 238-239°C. UK cnekTp, v, cMm™
1:2218 (CN), 1504-1361 (C=C). CnekTp AMP H, 6, m.4.: 7,49 -7,55
M (SHEPOM), 7,61-7,64 m (2HapOM), 7,681 (2H, H>7, 19,8 Tu), 8,03 T
(1H, H®, 19,8 T'y), 8,07 c (1H, H?), 8,15 4 (2H, H*%,) 9,8 T). CnekTp
AMP 13C, §, m.4.: 114,06, 115,10, 124,05, 125,19, 129,35, 130,84,
131,21, 133,35, 136,55, 139,17, 142,70, 143,39, 144,79, 147,02,
155,18, 167,98. Macc-cnektp, m/z (I, %): 432 (75,10) [M]".
HaligeHo, %: 83,41; H, 3,71; N, 12,86, C,,H(N,. BoiuncneHo, %:
C, 83,32; H, 3,73; N, 12,95.

3. Pe3ynbTaThl M 06CcyXKAECHUE

B 3TOM cTatbe mbl coo6u.|,aeM O pe3ynbTaTaxX CUHTE3a U

nccnenoBaHMA  ONTUYECKUX CBOWCTB  HOBbIX AOHOPHO-

Br

1 5kB.

NBS

")
2 dKB.

3

2) PhCOCl

Br 1) Mg

AKLLEeNTOPHbIX GEHUNKETOHHbIX U GEeHUNAULUNAHOBUHUIBHBIX
a3yNeHoBANA AaNbHENLero UCNoAb30BaHUA B KayecTse MyLl-
NyAbHbIX XpomodOpoB B  YCTPOWCTBAxX OpraHUYecKou
3/IeKTPOHUKMU.

Ona cuHTe3a ¢GEeHUNKEeTOHHbIX a3yNeHOB B KayecTse
K/IOYEBOW CTAaAMM WMCMONb30BAN PeakuMto aunanpoBaHUA.
KaK nokasaHo Ha cxeme (PUCYHOK 2), B3aumoaencTeme asyneHa
(1) c oaHMM MM pBYMA 3KBUBANEHTaMK N-6POMCYKUMHUMNAA
(NBS) B pguxnopmeTaHe pPernoceneKkTMBHO MNPUBOAUT K
nonyyeHuo 1-moHo- u 1,3-gubpomasyneHos (2) u (3) c
BbiIxogammn 68 n 90%, KoTopble 3aTem BCTyNatoT B peakLmio C
6EH30MNXNOPUAOM B YCAOBUAX HYKNEOPUABHOTO 3aMelLeHuns
(T.6.4epe3 nonyyYeHMe COOTBETCTBYIOWMX PEaKTUBOB MPUHbAPA)
B NPUCYTCTBMM KaTanusatopa Li,MnCl, [9, 10], c o6pasosaHuem
1-moHo- u 1,3-6uc(deHnnkeTtoH) asyneHos (4) un (5), B Buae
TEMHO-KpacHbIX Kpuctannos ¢ Bbixogamn 71 wun  95%
COOTBETCTBEHHO.

CuHTEe3 PEeHUNAULMAHOBUHUBHBIX a3y/eHOB OCyLLecT-
BW/IM MO CXeme, NMOKa3aHHOW Ha pUCYHKe 3, rae NpumeHuau
KoHaeHcauunto KHéBeHarens. Kak BUAHO M3 cxeMbl, KeTOHbI (4)
n (5) BCcTynaloT B KOHAEHCAUMIO C MANOHOHUTPWUIOM B
npucytcTeumn nupuanHa 8 OAMCO c obpasoBaHuem nyuw-
nynbHbIX 1-moHO- M 1,3-6uc(beHnngmumaHoBrMHUN)a3yNeHOB
(6)  (7), B BUAE KpacHbIX KpUCTaNNoB ¢ Bbixogamu 71 n 60%
COOTBETCTBEHHO.

g

1) Mg

Li,MnCl,,

2) PhCOCI1
L12MnC1

PUCYHOK 2 — CuHTEe3 PpeHUNKETOHHbIX a3yneHoB (4) n (5)

0 NC CN
oy o

PucyHOK 3 — CMHTEe3 GeHMNANLMAHOBUHUbHbIX a3yneHoB (6) n (7)
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[na uccnegoBaHUA OMNTUYECKUX CBOMCTB MONYYEHHbIX
coefMHEHU NPOBOANAN aHANU3 asy/eHoB (4-7) C NoOMOLLbIO

abcopbunoHHOl cnekTpodoTomeTpum B YO u BuaUMOW
obnactu.

NoAO0ChI NOT/OWEHUsA B BUANMOMN 06nacTu ¢ )\Ma =452 434 Hm
COOTBETCTBEHHO  (Tabnuual, pPUCYHOK6),  Bbi3BaHHbIE
MHTEHCUMBHbIM BHYTPUMONEKYNAPHbLIM MNEpPeHocom 3apaaa

(BN3) mexpy asyneHoBbiM Konbuom U deHunguumaHo-
Yo/Bug cnektpbl (4) u (5) nNoKasanuM MaKkcMmymbl BUHWAbHOW  rpynnoit  (AOHOPHO-aKUEenTopHOe  B3auMo-

nornoweHuns npu A=380 1 381 HM cooTBETCTBEHHO (Tabanua 1, OeWcTBMe), KaK NpPOAEMOHCTPMPOBAHO Ha PEe30HAHCHbIX

pucyHok 5). B cnekTpax (6) u (7) Habnwoganucb cCuUnbHble  CTPYKTypax (pUCYHOK 4).
° NC_ o
[
Uy e

6

C CN NC

O N
oo oA

PUCYHOK 4 — Pe30HaHCHble CTPYKTYpbl GeHUNANLNAHOBUHUAbHBIX a3yneHoB (6) u (7)

Z
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0,754 ‘: \‘ J‘ \

0,504 :\/ /i
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0,25
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PucyHok 5 — CnekTpbl nornoweHna GeHUNKeTOHHbIX a3yneHos (4) u (5) B aAuxnopmeTtaHe

Tabnuua 1 — [aHHble no noriouweHuto YO/Buanmoro cseTta gna asyneHos (4-7)

CoeauHeHue PactBopuTens C, monb/n )::;5" Mfém X
4 OMXNI0pPMETaH 10+ 380 2975
5 LUXN0pPMeTaH 10* 381 3364
6 LUXNOpPMeTaH 10 452 6591
7 OUXNOpPMeTaH 10 434 8186
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PUCYHOK 6 — CrieKTpbl noraoweHns GeHnnamMLmMaHoBMHUAbHbIX a3yneHos (6) 1 (7) B guxaopmeTaHe

4. 3aKknoyeHue

AumnunposaHuem asyneHa 6EH30MNXN0PUL0M B YCAOBUAX
HYKN1e0OUNbHOTO 3amMelleHusa (NyTem MoJiydYeHUa MpPoMeKy-
TOYHbIX 1-MOHO- M 1,3-4MbpomasyneHoB U UX MarHuiopra-
HWUYECKMX MPOM3BOAHbIX) CUHTE3UPOBAHbI C  BbICOKMMM
BbIXOA4AaMWN SOHOPHO-aKLenTopHble 1-moHOo- u 1,3-6uc(dbeHunn-
KeTOH) asyneHbl. Kpome TOro, KoHpeHcauuein KHéEBeHarens
a3y/IEHU/IKETOHOB C MA/JIOHOHUTPUNOM CUHTE3UPOBaHbI MyLU-
nynbHble 1-moHo- 1 1,3-6uc(beHnngmumaHoBUHUA) asyneHbl.
BbiABNEHbI UHTEHCUBHbIE NOAOCHI NornoLweHns BMN3 8 suanmori
061acTN y NyLW-NyAbHbIX GEHUNLAULUAHOBUHUNBHBIX a3y 1EHOB
C MaKCUMyMamu npn 452 1 434 Hm.

Jlntepartypa

1 Lopez-Alled C.M., Park S.J., Lee D.J., Murfin L.C., Kociok-
Kohn G., et al. Azulene-based fluorescent chemosensor for
adenosine diphosphate // Chemical Communications. — 2021.
—Vol.57. - P.10608-10611.

2 Ou L., Zhou Y., Wu B., Zhu L. The unusual physicochemical
properties of azulene and azulene-based compounds // Chinese
Chemical Letters. — 2019. — Vol.30. — P.1903-1907.

3 Xin H., Hou B,
materials: design, synthesis, and applications // Accounts of
Chemical Research. —2021. - Vol.54. - P.1737-1753.

4 Puodziukynaite E., Wang H.W., Lawrence J. Azulene
methacrylate poly-421 mers: synthesis, electronic properties,
and solar cell fabrication// Journal of the American Chemical
Society. —2014. — Vol.136. — P.11043-11049.

5 Korichi H., Zouchoune F., Zendaoui S.M., et al. The
coordination chemistry of azulene: a comprehensive DFT
investigation // Organometallics. — 2010. — Vol.29. — P.1693-1706.

Gao X. Azulene-based n-functional

ISSN 1563-0331
elSSN 2312-7554

bnarogapHocTtu

CnekTpanbHble wuccnenoBaHua (cnektpbl AMP u UK-
CMEKTPbI) BbINOJIHEHbI C WCMNO/Mb30BaHWeM 060pynoBaHMA
Hay4YHO-MPOM3BOACTBEHHOIO  XONAMHra
«Putoxumua» (r. Kaparanaga, KasaxcrtaH), macc-cnekTpomert-

MeK4yHapo4HOoro

PUYECKMIH U 3INEMEHTHbIW aHa/IN3 BbINOIHEH C NPUMEHEHMEM
obopyposaHua Kapnosa YHusepcuterta (r. Mpara, Yexums).
[aHHana paboTa BbiNOAHEHa B pamkax rpaHTa (UPH
npoekta AP15473272), ¢uHaHcupyemoro KomuTeTomM Hayku
MWHUCTEPCTBA HayKM U Bbicwero obpasoBaHua PK.

6 Shevyakov S.V., Li H.R., Muthyala R. Orbital control of the
color and excited state properties of formylated and fluorinated
derivatives of azulene // Journal of Physical Chemistry A. —2003.
—Vol.107. — P.3295-3299.

7 Myahkostupov M., Pagba C.V., Gundlach L., Piotrowiak P.
Vibrational state dependence of interfacial electron transfer:
hot electron injection from the S1 state of azulene into TiO2
nanoparticles // Journal of Physical Chemistry C. — 2013. -
Vol.117. — P.20485-20493.

8 Itoh T. Fluorescence and phosphorescence from higher
excited states of organic molecules // Chemical Reviews. —
2012.-Vol.112. - P.4541-4568.

9 MateHT P® Ne 2 624 820 C2. [JOHOPHO-aKLENTOPHbIe
conpsAXeHHble MONEKYNbl U cnocob ux nonyyeHus: JlynoHocos
}0.H., MoHomapeHko C.A. / ot 07.07.2017.

10 KacatkuH A.H,, Ubinbiwes O.10., PomaHosa T.HO.,
Tonctukos A. OpraHuyeckue npousBoaHble mapraHua(ll) s
opraHu4Yeckom cuHTese // Yenexu xummm, — 1992, — T.61(5). —
C.978-1001.

Chemical Bulletin of Kazakh National University 2022, Issue 4



28 CUHTe3 4OHOPHO-aKLENTOPHbIX COeAMHEHMIA Ha OCHOBE...

References

1 Lopez-Alled CM, Park SJ, Lee DJ, Murfin LC, Kociok-Kohn
G, et al. (2021) Chem Commun 57:10608-10611. https://doi.
0rg/10.1039/d1cc04122¢

2 Ou L, Zhou Y, Wu B, Zhu L (2019) Chinese Chem Lett
30:1903-1907. https://doi.org/10.1016/].cclet.2019.08.015

3 Xin H, Hou B, Gao X (2021) Accounts Chem Res 54:1737-
1753. https://doi.org/10.1021/acs.accounts.0c00893

4 Puodziukynaite E, Wang HW, Lawrence JJ (2014) Am Chem
Soc 136:11043-11049. https://doi.org/10.1021/ja504670k

5 Korichi H, Zouchoune F, Zendaoui SM, Zouchoune B,
Saillard JY (2010) Organometallics 29:1693-1706. https://doi.
0rg/10.1021/0m901089z

6 Shevyakov SV, Li HR, Muthyala R (2003) J Phys Chem A
107:3295-3299. https://doi.org/10.1021/jp021605f

7 Myahkostupov M, Pagba CV, Gundlach L, Piotrowiak P
(2013)J Phys Chem C 117:20485-20493. https://doi.org/10.1021/
jp406662n

8 Itoh T (2012) Chem Rev 112:4541-4568. https://doi.
0rg/10.1021/cr200166m

9 (2017) Patent of the Russian Federation No. 2 624 820 C2.
Luponosov YuN, Ponomarenko SA, dated 07.07.2017.

10 Kasatkin AN, Tsypyshev OY, Romanova TY, Tolstikov GA
(1992) Rus Chem Rev C 61(5):978-1001. https://doi.org/10.1070/
RC1992v061n05ABEH000961

BecTHuK KasHY. Cepua xummyeckaa. —2022. —Ne 4


https://doi.org/10.1039/d1cc04122c 
https://doi.org/10.1039/d1cc04122c 
https://doi.org/10.1016/j.cclet.2019.08.015
https://doi.org/10.1021/acs.accounts.0c00893
https://doi.org/10.1021/ja504670k 
https://doi.org/10.1021/om901089z 
https://doi.org/10.1021/om901089z 
https://doi.org/10.1021/jp021605f
https://doi.org/10.1021/jp406662n 
https://doi.org/10.1021/jp406662n 
https://doi.org/10.1021/cr200166m 
https://doi.org/10.1021/cr200166m 
https://doi.org/10.1070/RC1992v061n05ABEH000961
https://doi.org/10.1070/RC1992v061n05ABEH000961




HenatuHHin
KOMMNO3ULUANDIK,

YNAipnepiHiH, KypbiibiIMAbIK-
MeXaHMUKanbIK Kacuettepi

I.E. Epnan'*, B.B. Tioclonosa’,
C.M. Taxubaesa?, K.b. Myca6eKos!,
H.l. Banabywesuny?

19n-Papabu aTbiHAafbl Kasak yATTbIK,
yHuBepcuTteTi, AimaTbl K., KasakctaH
2M.B. JlomoHOCOB aTbiHAaFbl Mackey
MeMNeKeTTiK YyHUBepcuTeTi,

Mackey K., Pecei

*E-mail: erlan.gulzhan@mail.ru

YKenaTUHHIH XMTO3aH, IMMOH Kbl KbI/bl XXaHe L-r1yTaMUH KbIWKbIbl KaTbICbiHAA Ty3inreH
yAgipnepiHii, 6epikTik, cepnimainik mopgyni kaHe aAedbopmauMmAnbiK KacuetTepi 3epTTengi.
3epTTey HaTuxenepi 60MbIHWA XenaTUH HerisiHAeri yagipaepre XuWTo3aHAbl, IMMOH KaHe
L-rnyTaMuH KbIWKbINLAPbIH €HFi3y XKeNaTUH YALipiHiH BepiKTiriH KaHe cepnimainik moayniH
apTTbIpaTbIHABIFbI 6alikanabl. ’enaTuH - XMTO3aH, KeNAaTUH - IMMOH KbILLKbI/Ibl XKaHE XKeNaTuH
- L-riyTamuH KbIWKbIAbI KyenepiHe pH acepid 6akblnay, onapabliH OCbl OpTagafbl e3repicTepi
Xalnbl mafnymat bepegi. 3epTTeyae KapacTbipblafaH KylhenepheH »KenaTuHHiH L-rnyTamuH
KbIWKbIAbIMEH TirinyiHae TemeH pH maHaepiHae 6epik KypbiabiM Ty3iMn, acKasaHHbIH, KbIWKbIA
OPTACbIHbIH, LWAPTTapblHa TO3eTiHAiriH, an CcinTinik opTafa ocbl XKYWEHiH KypblabiMAbIK-
MeXaHWKanbIK cunaTtTamanapbl Kemin, iwek ¢asacbiHAa MHKaANCyNAUMANAHFAH WHCYAUHHIH
6ocan WbIFyblIHA KONaMbl afaai Tyabipaabl aen 6omkanapl. Mogenbai ackasaH illeK Kosbl
opTacbiHbiH, PH MaHAaepiHaeri yngipnepain, GU3MKa-XUMUANBIK, KypPblbIMAbIK-MEXaHUKaNbIK
e3repicTepi MHGPaKbI3bIN CNEKTPOCKONUA 34iCiMeH HaKTblnaHabl. Yaaipnepaid ap typai pH (pH
=1,0; 4,01; 6,86; 9,18) opTanapbiHaafbl UHPPaKbI3bIA cnekTpaepiHge C-H, C-OH, C=0, C-N, N-H,
CH(NH,), CH,OH TonTap »onakTapbiHbiH 6aiikanybl MoNeKynaapanbik CyTeKTik 6ainaHbicTapAbiH,
YKOFapbliaybIMeH XaHe acCoLMATMBTIK KypblIbIMAAPAbIH TY3inyimeH 6aiinaHbICTbl.

TyiiH cespep: WHCYAWMH; MHKANCynauus; yAAIp; PeOoNorus; KenaTuH; XUTO3aH; NMMOH
KbILKbI/bI; L-FIYTaMUH KbILWKbIIbI.

CTPYKTYpPHO-MeXaHUUYecKue
CBOMCTBA KOMMNO3ULMOHHbIX
NIEHOK }KeNnaTuHa

l.E. Epnan'*, B.b. Tioclonosa’,
C.M. Taxxubaesa?, K.6. Mycabekos?,
H.l. Banabywesuny?
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2MOCKOBCKMI roCcyaapCTBeHHbI
yHuBepcutetT umeHun M.B. JlomoHocoBa,

r. Mocksa, Poccua

*E-mail: erlan.gulzhan@mail.ru

MccneposaHbl  AedopmauMOHHbIe  CBOWMCTBA, MOAYNb  YNPYrocTM U NPOYHOCTb
KENAaTUHOBbIX MJIEHOK C XWUTO33aHOM, JIMMOHHOW KWUCNOTOW W L-TnyTaMUHOBOW KUCNOTOW.
Mo pesynbTaTam MUCCNEfOBaHWA YCTAHOBNEHO, YTO pnobaBneHWe XMTO3aHa, JIMMOHHOW W
L-rnyTaMMHOBOI KMCNOTbI YyBENMYMBAET MNPOYHOCTb W MOAY/Ib YNPYrocTU KeNaTUHOBbIX
nneHok. OueHKa BAMAHMA pH Ha cUCTeMbl XXenaTUH - XUTO3aH, XeNaTuH - IMMOHHaA Kucnota
N XKenatuH - L—FﬂyTaMMHOBaﬂ KUCNOTa AaeT npeactaBneHune 06 UX U3MEHEHUAX B 3TUX Ccpepax.
MpeanonaraeTca, YTo XenaTuH ¢ L-rnyTamnMHOBOM KUCN0TOM 0BpasyeT NPOUHYIO CTPYKTYpY Npwu
HU3KOM pH U BblAEPXKUBAET YCNOBUA KUCNOW CPeabl }KENYAKA, @ B LENOYHOM Cpeae CTPYKTYPHO-
MeXaHUYeCKMe XapaKTePUCTUKM 3TON CUCTEMbBI CHUXKAKOTCA, co34aBan 6aaronpuaTHble yCA0BUA
ANA BbICBOOOXKAEHNA MHKANCYIMPOBAHHOIO MHCYNMHA B KULWIEYHON dase. M3meHeHna ¢pusnko-
XUMUYECKUX, CTPYKTYPHO-MEeXaHMYeCKUX CBOMCTB NAEHOK B 3HaueHuax pH cpeabl (pH = 1,0; 4,01;
6,86; 9,18) MOAENBHOTO }KeNYA0YHO-KULLEYHOTO TPaKTa onpesesieHbl METOAOM MHbPaKpacHOM
cnekTpockonun. HabatogaemocTtb nonoc rpynn C-H, C-OH, C=0, C-N, N-H, CH(NHZ), CHZOH
B MHOPaKpacHbIX CNEKTpax MNJEeHOK B pas/nyHbiXx pH cpefax cBA3aHa C yBeAUYEHUEM
MeXMONEKYNAPHbIX BOAOPOAHbIX CBA3EN U 06pa3oBaHNEM aCCOLMATUBHBIX CTPYKTYP.

Kniouesble cnoBa: VHCY/IVH; WHKaNCynAUMA; MNAEHKA; PEONOruA; KenaTuH; XWUTO3aH;
JIMMOHHAA KUCNoTa; L-rnyTamnHoBasa Knucnora.

Structural and mechanical
properties of gelatin
composite films

G.Ye. Yerlan'" B.B. Tyussyupova?,
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The deformation properties, elastic modulus and strength of gelatin films with chitosan,
citric acid and L-glutamic acid were studied. According to the results of the study, it was found that
the addition of chitosan, citric and L-glutamic acid increases the strength and elasticity modulus of
gelatin films. Assessment of the pH effect on the gelatin - chitosan, gelatin - citric acid and gelatin
- L-glutamic acid systems provide a representation of their changes in these media. It is assumed
that gelatin with L-glutamic acid forms a strong structure at low pH and withstands the conditions
of the acidic environment of the stomach, while in an alkaline environment the structural and
mechanical characteristics of this system decrease, creating favorable conditions for the release
of encapsulated insulin in the intestinal phase. The changes of the physicochemical, structural and
mechanical properties of the films under simulated gastrointestinal conditions (pH = 1.0; 4.01;
6.86; 9.18) were determined by IR spectroscopy. The observability of the bands of C-H, C-OH, C=0,
C-N, N-H, CH(NH,), CH,0H groups in the infrared spectra of films in various pH media is associated
with an increase of intermolecular hydrogen bonds and the formation of associative structures.

Keywords: insulin; encapsulation; film; rheology; gelatin; chitosan; citric acid; L-glutamic
acid.
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1. Kipicne

KaHT guabeTi Kasipri yakbiTTa 537 MUANMOHHAH acTam
afam 3appan  wereTiH, 91eyMeTTiK KoHe 3KOHOMMKANbIK
cangapbl 6ap cosblmanbl aypynapabiH, 6ipi 6oabin Tabblnagbl.
2030 Kbinfa feliH 6yn KepceTKiw 643 muannoHFa xaHe 2045
MYMKiH aen
6omkampansiHagbl [1]. KaHT guaberTi KesiHaeri TepanuaHbiH
Heri3ri makcaTbl KaHAafbl [1I0K03a AeHreniH Kanbinka KenTipy
aPKbINbI ITUKEMUANDIK BaKbliaygbl KakcapTy [2]. bipiHwi TunTi
KaHT auabeTimeH ayblpaTblH HayKacTapAbl, COHbIMEH KaTap
nepopanabl A3pi — A9pPMeKNeH, GU3MKANbIK KATTbIFyNap MeH
AMETa apKbiabl KaHAaFbl [IOKO3a MenLepiH 6akblaay MyMKiH
6onmaraH Kafgalga ekiHwi TUNTI KaHT guabeTiH emaeyaid
Herisi — MHCYNnHAiI KongaHy 6onbin Tabbinaasl [3]. MHCcyamH —
acylwanapablH, [OKO3aHbl CiHipyiH peTTenTiH nenTuaTtep
HerisiHaeri ropmoH [4]. KaHT AanabeTtimeH  aybipaTbiH
HayKacTapAa MHBEKUMANbIK MHCYIUH TepanuAacbiH CakTamay
Wi Kespecefi, OHblH, cebebi Ken Kafganaa MHBEeKLUANbIK
KUbIHObIKTapMeH 6ainaHbIicTbl [5]. UHcynuMHAi nepopangbi
YKETKi3y aaici Kayinci3 kaHe HayKacTap YLWiH NCUXMONOMUANDIK,
KOHEe JNeyMeTTiK TypfblgaH Konahabl 6oaybl  Tuic [6].
MNHcynnHAi nepopangbl KeTKi3y apKblibl rMNOMINKEMUANDBIK
acepaiH, angblH any MymkiHgiri 6ap, cebebi oHbIH 6apbicbiHAA
WHCYNIMH  iWeKTeH baybipfa Tikeneh 6afbiTTanagsl [7].
MHcynuHai nepopangbl KeTkizy 6apbicblHAa@ TybIHAANUTLIH
Herisri Kegeprinep Kenecige cunatTanafbl: WMHCYAUHHIH,
bU3MKaNbIK KoHE XUMUANBIK TYPaKCbI3Ablfbl, ACKA3aHHbIH,
KbILKbIN OPTacblHAA WMHCYNMHHIH, XblAgam blablpaysbl, iWek
3NUTeNUIiHIH, Hawap eTKi3riwTiri [8].

[opinik  3aTTapgbl  KeTKi3y  Kylenepi  peTiHae
MYyKOaZre3mBTi TacbiMangaywsblnapabl KongaHy abcopbuusa

blnFa OedH 784 MUANMOHFA pgeliH  ecyi

aymarblHAA A9pinik 3aTTapAblH, 6ony YaKbITbIH
ApTTbIPATbIHAbIFbIH XXaHe 0/1apAbl NPOTEONU3AIK blAblpayaaH
CaKTalTbIHAbIFbIH KepceTKeH [9]. MoHAbIK Kyw, TemnepaTtypa
oHe pH MaHiHe 6alnaHbICTbl MyKoaAresusTi noavmepsep
e3aepiHiH  iciHy  KabineTTinirin  e3repte  anaabi [10].
MyKoagresusTi, buoyiinecimai xaHe buoblabIpaFbi KacueT-
TepiHe 6alnaHbicTbl GuomepuuMHaga, [A3pinik 3atTapasb
TacbiIManzayfa Wi KONAAHbINATbIH Tabufn nosavcaxapua-
TepaiH 6ipi anbruHat 6onbin  Tabblnagbl. lenb  Tysiny,
3MyNbrupney aaicTepiMeH anblHFAH aNbfMHATTbIH, MWKPO-
b6enweKTepi  WMHCYAUMHAI nepopangbl  TypAe KeTKisyae
nepcneKkTMBTI TacbiManablfbllwTap 6ona anaapl [11].

OcblfaH oOpal, KYMbICTbIH ~ MaKCaTbl  MHCYAUHHIH,
nepopanabl GopmacblH AavblHAAYAA WHKANCYNALMANAYLW b
MaTpPULAHbIH, Herisi peTiHAe anbrMHaT MNOJANCAXAPULIHIH
ACKa3aHHbIH, arpeccuBTi OPTacblHA TYPAKTbINbIFbIH apTTbIpy
YWIiH KabblHAblI yNA4ip peTiHAe KONLaHbINATbIH KeNaTUHHIH,
XWUTO3aH, JIMMOH KbIWKbIIbl K3HEe L-ryTamMuH KbIWKblbl
TOpi3ai KOCbINbICTAPMEH TY3reH YAZip/AepiHiH, KypblabIMAbIK-

MEXaHWKaNbIK KacMeTTepiH aHblKTay. MenaTuH, anbruHaT
Topi3ai 6uononumepnepai Ked, KoAn4aHydafbl ONapAblH,
APTHIKLWbIAbIFbI 6MObIAbIPAFLILTHIFbIMEH, TaburaTTarbl

MOJIWbINbIFBIMEH, BUOYWNeCiMAiNirimeH KoHe XUMUANbIK
KYPbINbIMbl, GU3UKa - XUMUANBIK, BUONOTUANBIK KacueTTepimeH
TyciHaipineai [12]. Benok Hemece nonucaxapuaTepai *Keke
KONAaHyfa KapafaHAa OnapAblH, KOMOWHALMACBIH KONAaHY
KOCbI/IbICTAPAbIH, AUCMepCTiNiri, aHTUOKCUAAHTTLIK Kabinet-
Topi3ai
YHKLMOHANAbl KacueTTepiH KakcapTa anagbl [13]. enatuHai
Kancynanapgbl ©HAIpY KesiHge KacanfaH repmeTuKanblk
TbIFbI34ay KayinTi MUKpPOPraHU3MAepAiH Aapire CiHyiHe Xon
b6epmengi. Op TypAai Tirywi areHTTep MeH TOATbIPFbIWTaAPAbI

Tiniri, usUKa-xMMUANLIK  KacueTTepi KenTtereH
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navpanaHy »KenatuH HerisiHgeri matepuangapabiH, KongaHy
QACbIH apTTbipa Tyceadi. bipak, myHpal Tirywi areHTTepai
KONOQHY *KeNaTUHHIH  HerisiHae anblHFaH  KancynaHblH,
peonoruAnbIK KacuetTepiH esrepTesi. XanbikapanblK HapbIK-
TblK, 6aceKenecTikke KabineTTi Kancynanapapl AalbiHaadyaa
TYPaKTbI/bIK, »KafblHAH 4@ KOWbINATbIH TananTap eTe KaTa.
AFHW, anblHFaH yAgipAiH, 6epikTiriH, cepnimginik mogyniH
KoHe aedopmaumAnbiK KacueTTepiH 3epTTey eTe MaHbI3Abl
6onbin Tabblnagbl.

foInbiMK aepekTepae KenTipinreH manimeTtTep 60lbIHWA,
MHKancynauuanaylwbl mMaTpuua anbrMHaT MOAMCaxapuaiHiH,
TYPaKTbI/IbIFbIH APTTbIPY MaKcaTbiHAA 3epTTeyY }KYMbICTapblHAa
KabblHAbl yN4ip peTiHAe XMTO3aHAbl NakAanaHfaH eKeH.
XWUTO3aH - WasnH Tapi3ainepaiH KabbifblHAa Ken menwepaepae
Ke3aeceTiH, XWUTUHHIH JeaueTungeHreH TypiH 6ingipeTiH
nonucaxapua. XuTosaH Aa, anbruHat Ta NenTuATi, akybl3abl
A9pPiNniK 3aTTapabl TacbiManaayaa KongaHblnaTblH H6MobIAbI-
pafbllw nonumepnep [14]. Bipak xMTo3aH apKallaH KoMKeTimai
6ona bepmeigi, any *Konbl KbiIMb6aT, SKOHOMUKANbIK, KaFblHAH
TMiMci3 BonfaHabIKTaH, OHbl 6acka Tabufn nonvmepsepmeH
aNMacTbipy KaxKeTTiniri TybiHaanabl. OcblfaH opali 3epTTey
6apbICblHAA XUTO3aHHHbIH, YNECiH a3alTy YLWiH 3KOAOrMANbIK
YKOHE 9KOHOMMKABIK KafblHAaH KO/BKETIMAi LWMKI3aT KenatuH
KON 4aHbINAbI.

2. Toxipubenik 6enim

2.1 3epTTey HbicaHAapbI

*enatun (TOCT (TY) 11293-89, Peceit), xuTo3aH (TemeH
monekynanbl maccanbl, 103 kDa, peauetungeHy aspeKeci
85,6%, Sigma Aldrich, St. Louis, USA), "MMOH KbIlWKbiAbI (aca
Tasa, Titan Biotech Limited, India), L-tnyTamuH KbiwKbinbl (99%
+ Kpuctanngel, Titan Biotech Limited, India).

2.2 3epTTey agicTepi

2.2.1 MenamuH HeziziHOezi yndipaepdi any

Ynpipnepai any ywiH »KenaTuHHiH, 8% cynbl epiTiHgiCi
XaHe XxuTo3aHHbiH (0,25%; 0,50%; 0,75%; 1,0%), numoH
KbILWKbINbIHbIH, (0,15%; 0,25%; 0,50%; 0,75%; 1,0%), L-tnyTamuH
KbILWKbINbIHbIH, (0,25%; 0,50%; 0,75%; 1,0%) epiTiHainepi »eke
AalibIHAANbIHAAbI. ANbIHFAH XUTO3aH, IMMOH KbILWKbl/bl }KaHe
L-TnyTaMUH  KbIWKbINbIHbIH, 9P TYp/i  KOHLEHTpauuanbl
epiTiHAiNepi »KenaTuHHiH 8% cynbl epiTiHgicimeH 1:1 KaTbIHacTa
anbiHbIN VIV, MarHuTTiK apanactbipFbiwTta 1500 aH/MUH
wapTtbiHAa 10 MUHYT apanbifblHAA apanacTbipblnagbl, Kocna-
HbIH, annbl Kenemi 100 mn 6onybl Tuic. ApanacTbipblnfaH
KocnaHbl WbIHbl TabakTapfa Kynbin, 25°C TepmocTtartTa 24 cafat
6oibl ycTanabl. TysinreH ynaipnepai tabak 6etiHeH 6enin,
12 x 4 cm enwemgai yari TypiHae Kecin, onapablH cepnimainik
MOAYANi KaHe bepiKTiK KacneTTepiH aHbIKTangbl.

2.2.2 MenamuH HeeziziHOe2i yndipnepdiH Mmooenvoi
QCKA3aH iWeK #0161 0pmacbIHOAFbl ©32epicmepiH aHbIKMay

enaTuH HerisiHaeri ynaipnep anblHFaHHaH KeliH,
onapAbliH, pH MaHiHe 6alinaHbICTbl ©3repicTepi aHbIKTabIHAAbI.
Toxipnbe 6apbiCblHAA aCKa3aH iWeK XOoAAApbIHbIH, Moaeni

peTiHAe anblHfaH epiTiHAinepAiH, Kypambl meH onapabiH, pH
MaHzepi bipiHWi KecTeae KepceTinrex.

KecTepne KepceTinreH epiTiHginepre anbiHFaH »KenaTuH
HerisiHaeri yngipnepai 12 x 4 cm enwemai yari TypiHae Kecin,
30 MMH yaKbITKa canagbl. 30 MUH 6TKEHHEH KeliH yngipnepai
epiTiHAigeH anbin, KenTipedi XaHe onapAblH KYPblIbIMAbIK, -
MeXaHMKanblK KacueTTepiH aHbIKTalkabl.

1-KecTe — ACKa3saH ileK KOMbIHbIH, dPTYPAi aliMaKTapbiHbIH,
KafganapbiH moAenbAeNTiH OpTaHbIH Kypambl MeH pH MaHi

Ne Mogaenbgi epiTiHai pH maHi
1 0,1 H. HCl epiTiHgici 1,0
2 25°C KaHbIKKaH Kanuii rugpodTranatobl 4,01
3 docdaTTbl Bydep 6,86
4 0,01 monb/Kr HaTpmit TeTpabopaTbiHbIH epPiTiHAiC 9,18

2.2.3 MenamuH HeziziHdezi yndipnepdix y3iny Kywi meH
€O3bl7ybIH aHbIKmMay a0ici

Ynpipnepaid, 6epikTiriH aHbikTay ywiH MT-150 (Pecei)
y3inyai cbiHay mawwuHacbl KongaHbingbl. MT y3inygi cbiHay
MalmMHanapbl 6aKblAaHATLIH MaTepuan YAriciHiH co3biny, Cbify,
cepnimainik Tapi3ai KacueTTepiH 3epTTey KesiHaeri aedop-
MaLMA KOHE KYKTey KyWwiH esweyre apHanfaH. KypanabiH
KYMbIC icTey NPUHLMAI  KywWw ejweylwi TeH30pe3nCTpAik
CeHCopAblH, 3epTTeniHeTiH yArire TycipinreH KepHey KyLiH
3NEeKTP CUrHanbiHa TypaeHaipyre HerisgenreH. 3epTTeyre
aNbIHFAH YATiHiH, y3bIHAbIFLI 12 cM, an eHi 4 cm 6onybl Kepek.
CblHaK, XYMbICbIH XYpri3y 6apbiCbiHAA YATiHiIH, CO3blNY MaHi —
MM enwem bipniriHae KaHe KyKTey KyLiHiH MaKcMmangbl
M3Hi — Kr esiwem b6ipniriHae nHgMKkaTop b6eTiHae KepceTineq,.
Ocbl anblHFaH ManimeTTep HerisiHae ynaipaid aedopmayms,
6epiKTiK aHe cepnimAainik mogyni KacueTTepi aHbIKTanabl.

6 = F/S, myHaarbl 6 — 6epikTiK, [KMal; F — ynaipaid y3iny
Kyuwi, [H]; S — yngipain aygaHbl, [m?].

e=Al/l, myHpaFbl € — pedopmaums; Al —ynaipaiH cosblaybl,
[Mm]; I - ynpipain, 6acTankbl y3biHAbIFbI, [MM].

E = &/e, myHaarbl E — cepnimginik mogyni, [kMNa); 6 —
6epikTik, [KMa]; € — gedopmauus.

2.2.4 UHGpaKbI3bia criekmpocKkonus 30ici

Ynrinepain, WK cnektpnepi Agilent Cary 660 FT-IR
cnekTpomeTpiHae (Agilent Technologies, AKLU), ananasoH
7900-375 cm™.

3. 3epTTey HaTUXKenepi }KaHe onapabl Tangay

dapmaueBTMKa eHepkKacibiHae eHimaepre KOWbINATbIH
Tafantap onapablH Kenbip GUsMKa-XMMUANBIK cunaTTama-
NapblHa Herisgenegi. bipak, #apinik yngipnepaid, Kelbip
KOPCEeTKIWTePiH peTTey VYIIH KYPblAbIMAbIK-MEXaHUKAbIK,
KacMeTTepiH aHbIKTan, apHalbl MaKcaTTa e3repTy }KoagapblH
6iny Kepek.
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enatuHHiIH Tek 6e3iH ewkaHgah moaudUKaumnAchI3
KONAAHY XenaTuH HerisiHaeri nonmmepnik matepuangapibiH,
TemeH OM3MKA — MexaHUKanblK KacueT KepceTyiHe anbin
Kenegi, an b6yn e3 KeseriHae onapAblH, KONAAHbINY aACbIH
wekTenai. OcblifaH 6alnaHbICTbl, Tirywi areHTTepaid, 6ipi
peTiHAe JIMMOH  3He L-ryTamuH  KblWKblAgapbIMeH
KenatuHai  yALip anyabl  Kapactolpyfa 6onaabl.  COHfbl
yaKkbITTapga 6uoblablpafbil NoAMMepaep eHAipiciHAe TMMOH
KbILKbIAbI Tirywi areHT peTiHae KeHiHeH KonpaHblnaabl [15].
COHbIMEH KaTap /IMMOH KblWKblAbl GaKkTepusnapabliH, emip
CYPYiH TexelTiH areHT 6osbin ecenTteniHeai [16]. L-rnyTamuH
KbIWKbIAbI  papmaLeBTUKada KeHiHeH KonpgaHblnaTbiH [17],
Taburatta L-popmacbiHAa KesgeceTiH MaHbI34bl aMUHKbILW-
KblNLAPbIHbIH, Bipi. TyTamMuH KbiWKbIAbI 6uoyinecimai, pH
cesimTan XMTo3aH rmaporenbaepiH raMma cayfneneHy apKbibl
ery conosmmepmsaLmAchl 34iCiMeH anyga MoHOMep peTiHae
nanganaHbinfaH [18]. AnbIHFAH XMTO3aHHbIH, €FireH rNyTamuH
KbILWKbIbIMEH rugporenbai TyWipLwiktepi KaTepi icikke Kapcbl
A9PiNiK 3aTTapAbl TacbiManaay KymeciHae KoNLaHbINFaH KaHe
oNapAblH, KaTepAni icik KacywanapbiHa Kapcbl TUiMAiAiri
6aKblnaHFaH.

1-wi cypeTTe »enaTuH — XUTO3aH, XKeNaTUH — JSIMMOH
KbILIKbI/IbI }KaHE }KeNaTUH—L-ryTaMuH KbIWKbINbl YA 4ipAepiHiH,

6epiKTiK XaHe cepniMmainik mMoayniHiH, KOHUeHTpauuanapfra
TOYeNginik KWUCbIKTapbl KenTipinreH. 3epTTey HaTuxenepi
6oMblHLA ¥KeNaTUH HerisiHaeri yngipaepre xutosaHabl, TMMOH
YKoHe L-rnyTaMUH KbIWKbINAAPbIH €HFi3y KenaTuH YALIpiHIH
GepiKTiriH aHe cepniMmainik MoayniH apTTbipaTbiHAbIFbI
6ankanabl. AfHK, 1(a)-cypeTTe XMTO3aH KOHUEHTPaLMACLIHbIH
0,75% peiiiH apTybiIMeH BepiKTiK }KaHe cepnimainik mogyniHiH,
apTbin, o4aH KeliH ToMeHAenTIHAIr aHbIKTanabl. XUTO3aHHbIH,
0,75% KOHUEHTpauMACbIHAA KenaTuH YA4ipiHiH, 6epiKTiri
0,27 Ma maHiHeH 8,17 KlMa MaHiHe, an cepnimainik mogyniH
7,22 kMNa maHiHeH 238,16 KklMa MaHiHe AeWiH Kofapbliaabl.

enaTuH — IMMOH KbIWKbIbl HEri3iHaeri yngipnep yuwiH
JIMMOH  KbILKbINbIHbIH, ONTUManAbl KoHueHTpauusa 0,25%
eKeHairiH Kepyre 6onagbl (1(3)-cypeT). J/IMMOH KbIWKbINbIHbIH,
0,25% epiTiHAici )enaTuH HerisiHgeri yngip 6epikTirin 0,27 KMNa
MaHiHeH 7,11 KlNa maHiHe, an cepnimainik moaynin 7,22 kMa
MaHiHeH 163,21 kKMa MaHiHe Kofapbinatbin, 6ygaH yAKeH
lwamaaa TemeHaenai.

oHe L-rnyTamMuH KblWwKblAbIHbIH, 0,5% epiTtiHaici 0,25%;
0,75%; 1,0% epiTiHainepimeH canbiCcTblpfaHga KenaTuH
HerisiHaeri ynaip 6epikTiriH 0,27 kMa maHiHeH 3,33 KMa maHiHe,
an cepnimainik moaynin 7,22 kMa maHiHeH 112,00 KMa maHiHe
newiH »ofapblnatTel (1 (6)-cyper).
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1 — 6epikTiK; 2 — cepnimainik moayni

1-cypet — HenaTuH — XxnTo3aH (a), *KenaTuH — IMMOH KbILWKbI/bI (3) }KaHe }KenaTuH — L-rIyTamuH KbilWKbibl (6) HerisiHae anbliHFaH
yAaipnepain 6epikTiri MeH cepnimainik MmogyniHiH KOHUEHTpaumara Tayenainiri
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AFHW, 3epTTEy HITUKENEPIHEH XMTO3aH, IMMOH KbILKbI/bI
KOHe L-ryTaMuH KbIWKbIAbl Tirywi areHTTepiHiH, *KenaTuH
HerisiHaeri ynaipaid TysinyiHe acepi oHTalbl }XaHe ap TypAi
eKkeHairi 6alikangbl.

Tirywi areHTTepgiH eH TemeHri 0,25% KoHLUeHTpa-
LMACbIHAA XUTO3aH MeH L-rnyTaMWH KbIWKbINbIHA KapafaHaa,
JIMMOH  KbILWKbINbl  KaTbICbIHAA YAA4IPAIH OepikTiKk KaHe
cepnimainik mopyni Kofapbl MaHgepre ue 60NaATbIHAbIFbI
aHbIKTanapl.

2-cypeTtTe ochbl Kyrenepain nedopmauuanaHy
KUCbIKTapbl KenTipinreH. byn KucblikTapgaH pga, 0,25%
KOHLEHTpaunaaa *ofapbl aepopmaumnsanaHy IMMOH KbILLKblNbl
KaTbIiCbiHAA balikangbl.

2-cypert — *KenaTuH — XxuTo3aH (1), »kenaTmH — AMMOH
KbILLKbIbI (2) }KoHE ¥KenaTuH — L-ryTamuH KbIWKbiAbI (3)
HerisiHaeri ynaipnepain aepopmaLmACbIHbIH,
KOHLLeHTpauuAFa Tayenainiri

KenaTuHHIH acipece, IMMOH KbILWKbIbIHbIH, KaTbICbIHAA
OoFapbl 6epiKTiK XaHe Xofapbl Aedopmauma MmaHaepiHe ne
60nybl, KENaTUHHHIH  AuccouMauMAnaHfFaH  Kapbokcun
TONTAPbIHbIH, }3He NPOTOHAaFaH aMUH TOMTAPbIHbIH CaHbIHbIH,
apTYbIHAH 3N1EKTPOCTATUKA/BIK dpeKeTTecyi 601ybl MyMKiH [19,
20]. CoHbimeH bipre 6yn 6alinaHbicTapAabl TYPAKTbIHAbIPATbIH
nonApnabl  emec Ti3bekTep apacbiHAafbl  rMAPOPOOTHIK
dpeKeTTecyNep MeH CyTeKTiK H6alinaHbicTapablH MaHbi3bl 30p.
Onait 6onca, XMTO3aH MONEKYNACbIHbIH, KYPaMblHAafbI CH,OH
oHe OH, L-rnyTaMuH  KblWwKbiAbiHbIH, C=0 xaHe N-H
TONTapbIHbIH, apacblHAafFbl CYTEKTIK 6OalinaHbiC  KenaTuH
HerisiHaeri yngipAiH, KypblnibiMAaHyblHa 9cep eTeTiH Herisri
bakTop 601ybl MYMKiH. JIMMOH KbILWKbI/IbIH eNaTUHIe Kocy 63
Ke3eriHae KengeHeH, TiricTiH, Ty3yayiHe anbin Keain, noanmepni
maTtepuangblH,  rMapodUNbLINITIH  TEHecTipin,  CyTeKTiK
6arnaHbICTapAblH, TY3iNyiH KaMmTamacbi3 eTesi gereH 6onxkam
)acayfa 6onagpl.

KenatuH — XxMTO3aH, }KeNnaTuH — IMMOH KbILWKbINbl KaHe
KeNaTuH - L-rnyTaMuH KbILWKbINbI YAAIPAEPiHIH, KYPbIIbIMAbIK
MeXaHMKablK KacnetTepiHe ap TypAai pH MaHaepiHiH acepiH
6aKblfay onapAblH acKasaH ilWeK XO/blHAAfbl e3repicTepi
annbl MaNiMeTTepAi aHbIKTayFa MyMKiHAiK 6epegai.

Xuto3aHHbIH, 0,75%, IMMOH KbIWKbIAbIHbIH, 0,25% KaHe
L-rnyTamuH  KbIWKbIAbIHBbIH, - 0,5% KoHUeHTpauuanapbiHaa
6epiKTiK, cepnimainik mopayniHiH, »Kofapbl 6onybiHa 6aina-
HbICTbl OCbl KOHLLEHTPALUMANAPbIH ONTUMANAbI Aen anbin, apbl
Kapaw eH, Herisri Ka)keTTi 3epTTey — opTaHblH PH MaHiHe
6alnaHbICTbl  PEOoNOTUANBbIK  KacueTTepiHiH  e3repicTepi
3epTTeyre anblHFaH yAarinepain, pH MoaHiHe
KacueTTepiHiH,

aHbIKTaNAbI.
6alNaHbICTbl  KYPbINbIMAbIK-MEeXaHUKaNbIK,
e3repicTepi 3-wi, 4-wWwi cypeTTepae KenTipinreH.

XuTo3aHHbIH, 0,75% epiTiHgiciH Kocy 6apbiCbiHAa a/bIHFaH
YKenaTuH HerisiHaeri ynaipain 6epikTik, cepnimainik kacnettepi
pH =6,86 maHiHAe }ofapbl, an pH =1,0; pH =4,01 maHaepiHge
TOMeH eKeHairiH kepyre 6onaasbi (3(a)-cypeT).

XWUTO3aHHbIH peakumnanaHy KabineTiHe opta pH-HbIH acepi
oTe 30p. Cebebi, XxMTO3aHHbIH peakuuanaHy KabineTiH
apTTbIPaTbIH GYHKLMOHANAbAbI aMUH TODbI CyTeri MOHAAPbIHbIH,
benceHginiriHe 6aiiaHbICTbl 9PTYPAi KacueTTepre ne 6onaapl.
XWUTO3aH Cy/bl KbIWKbINABIK OPTaga epu anafbl, HITUXKeCIHAe
-NH,* TonTapsl ecebiHeH oOH 3apsag anagbl. XUTO3aHHbIH,
aMUHONONMCAXapuUAaiHiH NpOTOHAAfaH Typi cyda epuTiHiH
ecKepe OTbIpbIf, XEeNaTUH MEeH XWUTO3aHHbIH KOMMNEKCTeHyi
HOTUXKeECIHAE Cyaa epUTiH peakuma eHimaepi ae, epimenTtiHaepi
Ae Ty3inyi MyMKiH. An NONUINEKTPOAUTTIK KeLeHHiH, Ty3inyiH
XWUTO3aHHbIH, AMUH YKHE KeNaTUHHIH KapbOKCUA TONTAPbIHbIH,
apacblHAa naihga 60MaTbiH  NenTUATIK Hemece aMMATIK
6anNaHbICTbIH HerisiHae TyciHaipyre 6onaabl.

[epeKTepre cyieHe OTbIpbIN, KbIWKbIA OpTafa XMTO3aH-
eNnatuH yA4ipiHiH  6epikTiK KaHe cepnimainik moayni
XWTO3aHHbIH, aMWH TOMNTAPbIHbIH,
TemeHaeyimeH 6alinaHbiCTbipyFa
6onagbl. An, pH=6.86 MmaHiHAEe »KoOfapbl 6epiKTIK KaHe
cepnimginik  MoayniHiH, apTybl KapbOKCWMA TONTapbiHbIH,
WMOHAaHY A2PEXKECiHiH apTyblHaH 60ybl MyMKiH. AfFHKW, OpTaaa
OH™ MoHAapbIHbIH, ¥OfapblaayblHAH OPTaHbIH, MOHAbIK Kyl
ecin, »eNaTMHHIH, MaKPOMOJIEKYNACbIHbIH, LbIPMANaHybIHA
6arnaHbICTbl Aeyre 6onaabl.

KoHueHTpauuacbl 0,25% NAMMOH KbIWKbINbIHbIH, KaTbl-
CblHAA YAA4ipAiH, 6epikTik, cepnimainik KacuetTepiHiH, pH
M3HiHe Tayenainik KMCbIFbIH KapacTblpaTblH 6o/caK, KoFapFbl
cepnimginik moayni pH = 6,86 MmaHiHAE, an Kofapfbl 6epikTiK
pH=9,18 maHiHAae KepceTinreH. Kbiwkbin optanapga (pH =1,0;
pH = 4,01) cepnimginik kaHe 6epiKTiK Wwamacbl TemeH (3 () -
cypeT). Cebebi, BipiHWIAEH NMMOH KbIWKbI/bIHbIH, KbIWKbIA-
OblfbiIMeH  GalnaHbicTbipyFa 6Gonagbl. AfHM, opTaga H*
MOHAapPbIHbIH, Kebeli opTaHblH, MOHAbIK KyWwiH KebewuTin,
3NEKTPOCTATUKANbIK  dpeKeTTecynepai asanTybl  MYMKIiH.
EKiHWiaeH, XenaTuH 6eTiHe NMMOH KbIWKbIAbIHbIH CYTEKTIiK
Hemece rnapodobTbIK dpeKeTTecynep apKblibl aacopbumnacol
nonumep 6eTiHAe AuccouMAnaHFaH KapboKcMn TonTapbliH
KebeiTin, ruapodunbhinirin Kywentin, 6enek ¢dasafa WbIFy
MYMKIHZIriH a3anTagbl, KYpblAbIMAAHYbIH TOMEHAETE .

aHe 3-wi (6) meH 4-wi cypeTTepAeH KepiHin TypfaHgai

LIAMANapbIHbIH,  a3atoblH,
WOHAAHY  [O2peXKeciHiH,

3KCTPEeManabl KUCbIKTapabl anabik. HenatuH xkaHe 0.5%
L-rnyTaMWH  KbIWKbIAbI Heri3iHAeri ynAaipAiH, KenaTuHHIH
JIMMOH  KblLWKbINbl  KOHE XWTO3aH KaTbICbIHOA anblHfaH
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1 - 6epikTiK; 2 — cepnimainik moayni

3-cypet — HKenaTuH — XMTO3aH (a), *KeNnaTUH — IMMOH KbIWKbI/bI (3) XKaHe KeNaTuH — L-ryTaMuH Kbl Kbinbl (6) HerisiHaeri
yALipnepAid 6epikTik }KaHe cepnimainik kacueTTepiHe opTa pH-HbIH acepi

yapipnepmeH 6epikTiK, cepnimainik mopyni xaHe aedop-
MaLuMA KacueTTepiMeH CanbiCTbipaTblH 60/caK, KenTipinreH
KMCbIKTapFa Kapan e3rewe 3aHAblnbiKTbl Haiikayfa 6onagbl.
L-rnyTamuH  KbIWKbIAbI-}KeNaTUH  YALIPiHIH,  cepnimAainik
mopayni, 6epikTiK kaHe aedopmaumnsa KacueTttepi pH=4,01
M3HiHAEe Kofapbl Wamanapfa, an pH=6,86; pH=9,18
MaHAepiHAe TemeH lamanapfa wueneHeTiHAiri 6alikangbl.
OpTa pH-HbIH, TOMEH MaHAEPIHAE PEONOTUANDBIK KAacUeTTEPIHIH,
apTybl, MONEKYNaapanblK CyTEKTIK BalnaHbICTapAblH CaHbIHbIH,
JKOFapaaybIMeH, aCCOLMATUBTIK KypblbIMAAPAbIH, Ty3inyimeH
6ainaHbICTbl 6ONYbI MYMKIH.

enatuH HerisiHgeri  yngipnepai, ap Typai pH
MaHAEpPIHAEr KYpbIIbIMAbIK — MEXaHWKaNbIK KacueTTepiH
3epTTey OapbiCbiHAA aNblHFAH HATUXKenep XMTO3aH, NUMOH
KbILUKbINbI KaHE L-TNyTamMUH KbIWKbINAAPbIHbIH, XeNaTUHMeH
KOCMafapblHbIH ~ MOZENbAi acKasaH ilWeK KONAblHAAFbI
e3repictepi  Kalhnbl  Manimettep  bepeai.  Texipube
HOTUXKeNepiHeH L-ryTamMUH  KblWKbINbIHbIH,  XeNaTUHMeEH
kocnacbl TemeH pH MaHaepiHae 6epik Kypbinbim  Ty3in,
ACKa3aHHbIH, KbIWKbI OPTACbIHbIH, WAPTTAapblHA TO3ETIHAIrH,
an cinTinik optaga L-ryTamMuH  KbIWKbIAbI — KenaTuH
KOCNACbIHbIH,  KYPbIIbIMAbIK, ~ KacueTTepi ancipen,
baszacblHAa MHKaNcyAuMANaHFaH MHCYNIMHHIH 6ocan WhifybliHA
KOMalNbl Kafdal »KacaWTbiHAbIFbIH Kepyre 6onaabl. Ocbl
KYPbINIbIMAbl — MEXaHUKAbIK CMNATTaManapablH, HITUXKeNepiH
HaKTblnayaa MK cnekTpockonua agici KonaaHblnabl.

iwekK
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4-cypet — *enatuH — xmTo3aH (1), ’)KenatuH — AMMoH
KbILWKbINbI (2) }KaHe KenaTuH — L-ryTaMuH KblLWKbiAbl (3)
HerisiHaeri ynaipnepain, aedopmaumacbiHa opTa
pH-HbIH acepi

WK cneKkTpockonus aaicimeH 3epTTey bapbicbiHAa ap
TypAi pH MaHiHAE AalibiHAANFAH KeNATUH — XUTO3aH, XKenaTuH
— JIMMOH KbIWKbI/Ibl }KaHEe XKeNnaTtuH — L-ryTaMuUH KbIWKbIAbI
HerisiHaeri ynaipnep anblHAbI.

enaTuH — XMTO3aH Heri3iHAe anblHFaH YALIPAIH, KaHe
OofaH ap TypAi pH maHaepiHiH, (pH = 1.0; 4.01; 6.86; 9.18) acepiH
bakblnay KesiHae anbiHFaH ynaipnepaid UK cnekTpnepiHae
(5-cypeT) 3245, 3312, 3318, 3320 cm™ aiimaKTapbliHAa XMTO3aH
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1 —>KenaTuH — xuto3aH; 2 — pH = 1.0, }KenaTuH — XMTO3aH;
3 —pH =4.01, XenatuH - xuto3aH; 4 — pH = 6.86, kenatnH — xmto3aH; 5 — pH = 9.18, kenatmH — xMTO3aH

5-cyper — }enaTtuH - XxMTO3aH HerisiHAe anblHFaH yA4ip4iH opTa pH-HbIH e3repiciHaeri anbiHFaH UK cnekTpaepi

monekynacoiHaafbl  OH, NH, TonTapbiHbIH  KoNaKTapbl
6anKkanapl [21]. 2109, 2116, 2147, 2149cm? TONKbIH
Y3blHAbIFbIHA COWKec KeneTiH onakTap C-H TobblHa »KaTKbl-
3blnaabl [22].
TyciHaipinetiH C=0 TobblHa caiKec »onak 1706 cm? TOAKbIH

HKenatuH MONEeKyNacblHblH  KYPblAbIMbIMEH

Y3blHAbIFbIHAA Balikanabl. enatuH — XxuTo3aH aHe pH = 4,01

WK cnekTpnepiHgeri 1074, 1089 cm? aiimaKTapblHAafbl
)Konaktap  anudattel  amuHaepaid,  C-N  cosblaybiHa
KaTKbi3binabl [23]. pH=4,01; 9,18 opTacblHa canblHfaH

yngipnepais, UK cnektpiHae 739, 877 cm?® ailimaKkTapbiHAa
GipiHWINIK XaHe eKiHWinik amuHaepre carikec N-H xonak-
Tapbl bankanapl [22].

KenaTuH —NMMOH KblIWKbl/bl HETi3iHAE aNblHFaH YA4iIPAiH,
WK cnekTpiHae (6-cypeT) AMMOH KblWKblAbIHAAFbI - OH TobbIHA
caikec onaktap 3609, 3332cm?® aiimaKTapbiHga naiga
6onabl. 2869, 2939, 2947 cm™ TONKbIH Y3blHAbIFbIHA CaKec
KeneTiH anci3 Konaktap BaneHtti C-H TepbenictepiHe
XaTKbi3blnagbl [24]. 2531 cm? alimarbiHga KapbOH KbIWKbl-
NblHbIH, OH TO6bI 6alKkangbl. enaTuH — IMMOH KbILWKbIAbI
HerisiHae anblHFaH ynaipre ap Typai pH maHaepiHiH, acepiH
b6aKkblnay KesiHge anndatTbl amuHaepaid, C-N cosbinybiHa
caikec KeneTiH Konaktap 1074, 1081, 1236, 1244 cm?
almakTapbiHaa (pH = 1,0; 4,01; 6,86; 9,18 UK cnekTpnepiHae)
nanaa 6ongbl [23]. pH = 4,01; 6,86; 9,18 UK cnekTpnepiHae

1 —KenaTtvH — IMMOH KblWKbinbl; 2 —pH = 1.0, XKenaTtuH — IMMOH KbILWKbl/bl;
3 —pH=4.01, }XenaTuH — AMMOH KbiWwKbinbl; 4 — pH = 6.86, }kenaTnH — AMMOH KblILWKbIbl;
5—pH =9.18, }KenaTtuH — IMMOH KbILWKblNbl

6-cypet — }enaTuH — IMMOH KbILWKbI/bl HETi3iHAe anblHFaH yA4ipaiH opTa pH-HbIH e3repiciHaeri anblHFaH
MK cnekTtpnepi
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1 —>KenaTuH — L-rnyTamMuH KbiWwKbiabl; 2 —pH = 1,0, }enatuH — L-ryTaMUH KbIWKblbl;
3 —pH =4,01, »xenaTuH — L-rnyTamuH KblWKblAbl; 4 — pH = 6,86, XXenaTuH — L-rnyTamuH KblLKbIAbI;
5—pH =9,18, enatnH — L-rnyTamMuH KblLLKbINbl

7-cypet — enatuH — L-ryTaMMH KbILWKbIAbl HETi3iHAe anblHFaH YA4ip4iH
opTa pH-HbIH e3repiciHaeri anbiHFaH UK cnekTpaepi

BipiHWINIK }KaHe eKiHWiNiKk amuHaepre caitkec N-H xonakTapbl
743, 835, 858, 912 cM 1 TONIKbIH Y3blHAbIKTapbIHAA KepiHAi [22].

enatuH - L-ryTaMUH KbIWKbIAbl HerisiHae anblHfFaH
yngipain, UK cnektpiHge (7-cypet) 3001, 3170 cm™ TOAKbIH
Y3bIHAbIKTapbIHAaFbl onaKkTap OH, NH, TontapbiHa caiikec
Kenedi, 6yn L-ryTamMMH KbIWKbIAbIHBIH, €Ki Herizgi amuH
KbIWKbINbI eKeHairimeH TyciHaipineai. 2708, 2769, 2831 cm™?
aMaKTapbIHAAFbI }KONAKTAP aCUMMETPUANDBIK KaHE CUMMeET-
pusanbik, CH BaneHTTINiK TepbenicTepiHe calkec Kenegi [25].
KenatuH - L-rnyTamMuH KbIWKbIAbI HETI3iHAE anblHFaH YA4ipAiH,
MK cnektpiHge ae 1074, 1081, 1220cm™ TOAKbIH
y3blHAbIKTapbiHAA pH = 1,0; 4,01 UK cnekTpnepiHge anndatThbl
amuHzepaid, C-N co3sblyblHA CoMKec KeneTiH KonakTap
6avikanapl. pH = 1,0; 4,01; 6,86 »KoHe XenatuH - L-rnyTamuH
KbIWKbINbI yA4ipiHIH MK cnekTpaepinge 874, 881, 927,997 cm™?
aimaKTapbiHAAFbI
amuHzepain, N-H TepbeniciHe caiikec kenep,i.

onaktap OGipiHWINiK KaHe eKiHwWiniK

MK cnekTpockonua 60MbiHWA anblHFAH MaNiMeTTepaiH,
HOTUKeNepiH canbicTblpaTblH 60ACAK, enaTuH — XUTO3aH,
eNaTUH — NUMOH KbILWKbI/bl KIHe KenaTuH — L-rnyTamuH
KbILWKbINbI KylenepiHid HerisiHae anblHFaH yagipnepre ap
Typni pH maHgepiHib, (pH = 1,0; 4,01; 6,86; 9,18) acepiH
bakblnay KesiHae yw Kyneae gpe C-N cosbinyblHa calikec
KenetiH KaHe bipiHWinik, amuHgepaid, N-H
TepbeniciHe coalKec KeneTiH KaHa ONaKTapAblH, naiga

eKiHWinik

6onfaHAabIFbIH Kepyre 6onaabl. UMK cnekTpnepgeri 6yHaan
esrepictep yAagipnepai ap Typnai pH opTanapbiHa cany
6apbicbiHga C-H, C-OH, C=0, C-N, N-H, CH(NH,), CH,OH
6alnaHbIiC caHAapblHbIH, e3repicimeH 6ainaHbicTbl 60AybI
MYMKIiH.
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4. KopbITbIHAbI

KopbiTa  KenreHAae  KenaTuUHHIH  KOMMNO3ULUANDBIK
YA4ipnepiHiH  TypaKTbiAblfblHA aCKa3aH iweK »onabl pH
MaHAEpiHiH, acepi peonoruAnbik cunattamanap meH UK
CMEeKTPOCKONUA 3AiCTEPIMEH 3epTTeNiHA . Ocipece }KeNnaTuHHIH,
L-rnyTamuH KbIWKbINbI HEri3iHae anbiHFaH yagipaid pH = 4,01
MaHiHAe 6epik KypblNbIMAAHYbl aCKa3aHHbIH,  KbIWKbIA
opTacbiHAAFbl Te3iMmAiniriH apTTbipadbl. An cinTinik opTtaga
KYWEHIH,  PeonorvanblK  CUMNATTAMaNapbiHblH, — TeMeHaeyi
O9PiNiK 3aTTbIH, aF3aHblH, iLUEK XoA4apblHAa TacbiManAaHyblHa
OHTAWNbl Kafgav TyfFbizagbl. YAAip4iH  KypblibIMAbIK —
MexaHWKaNbIK cMnaTTamanapbiHbliH MbiHa opTa (pH = 1,0; 4,01;
6,86; 9,18) maHaepiHAe opbiH anfaH e3repictepi UK
CNEKTPOCKONUA HaTUKenepimeH aiKkblHAanaabl. Yngipnepre
ap Typni pH opTanapbiHbiH, acepiH 6akbinay KesiHae C-H,
C-OH, C=0, C-N, N-H, CH(NH,), CH,OH TonTapbiHblH apTybl
MO/IeKyNnaapanblK  CyTeKTiK  6ailnaHbICTapAblH,  CaHbIHbIH,
YKOFapblNaybIMEH >K9He acCoUMATUBTIK KypblabiMAApAbIH,
Ty3inyimeH 6alinaHbicTbl 60/1ybl MYMKIH.
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