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Monitoring of volatile organic
compounds in ambient air of
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The pollution of ambient air is one of the main sources of risk to human health in the world.
There is a direct relationship between the level of air pollution and risk of the development
of cancer, cardiovascular, respiratory and other diseases. Benzene, toluene, ethylbenzene and
o-xylene (BTEX) are one of the most toxic volatile organic compounds. The aim of this study
was to quantify BTEX in air of Taldykorgan, Kazakhstan using solid-phase microextraction
followed by gas chromatography with mass-spectrometric detection. In different sampling
seasons, average concentrations of four BTEX analytes varied from 7.5 to 27 pg/m?3, from 15 to
250 pg/m?, from 2.4 to 12.8 ug/m? and from 2.6 to 21 ug/m?3, respectively. The highest
concentrations of TEX were detected in autumn, while the highest concentrations of benzene
were observed in winter. Toluene-to-benzene ratios in almost all measurements were above 1
indicating that the traffic emissions are the main source of air pollution with BTEX.

Keywords: SPME; GC-MS; BTEX; air pollution; air analysis; Taldykorgan.

KasakcrtaH, TangbikopfaH
KanacblHbIH, ayacblHAaFbl
YLWKbILW OPraHUKanbIK,
KOCbI/IbICTapAblH
MOHUTOPUHTI

1Cepuk /1., *U6parumosa O.1.,
3YceHosa I.K., 2baiimaTtosa H.X.*

'Hazapb6aeB YHMBEPCUTETIHIH,
YKapaTbINbICTaHY, 9/1eYMETTiK KaHe
ryMmaHUTapbIK FblnbiMmaap mekTebi,
Hyp-CynTtaH, KazaxctaH

29n-Papabum aTbiHAafbl Ka3ak yATTbIK
yHuBEpCcUTeTi, PU3UKA-XUMUANBIK 3epTTey
aAicTepi opTanbifbl, AnmaTbl, KaszakcTaH
3AnMaThl KanacblHAafbl GU3MKa-
maTemaTuKa bafbiTbiHAaFbl Hasapbaes
3uaTkepnik mekTebi, AnimaTbl, KasakctaH
*E-mail: baimatova@cfhma.kz

ByKin anemzae atmochepanbik ayaHblH NacTaHybl afamMaapablH AeHCayAblFbl YWiH Heri3ri
Kayin Kesi 6onbin caHanagbl. AyaHblH NacTaHy AeHrei MeH OHKONOTUANBIK, XYpeK-KaH
TaMbIp/IapbIHbIH, PECNUPATOPAbIK KaHe Backa Aa aypynapAbliH naipa 6ony Kayni apacbiHAa
TiKkenen Tayenminik Tyfbi3agbl. EH yabl YWKbIW OpraHMKanblK KocblibicTapabliH, 6ipi-6eH3on,
TONYOA, 3TUNGEH301 )KaHe 0-Kcunon (BTIK). By sKyMbICTbIH MaKcaTbl MAacC-CNEKTPOMETPUANBIK,
neTekTopbl 6ap rasgbl xpomatorpadua KaHe KaTTbl dasasbl MUKPOIKCTPAKUMA daicimeH
TanpblkOpFaH KanacbiHbIH ayacbiHAafbl BTOK aHbIKTay »KaHe uaeHTuduKauuanay 6osbin
Tabbinagbl. ColHama ipikTeyaiH apTypai maycbimgapbiHaa BTIK opTalwa KoHUeHTpauusanapbl
THiciHwWwe 7,5-aeH 27-re aenin, 15-TeH 250-re aeiiH, 2,4-taH 12,8-re aeitiH xaHe 2,6-TaH 21 MKr/
M3-Ka AeliH e3repin oTbipabl. TIK eH, KoFapbl KOHLEHTPaLMAChl Ky3ri KeseHae Tabbingbl, an
6eH3014bIH eH KOFapbl KOHLEHTPAUUACHI KbicTa baiikanabl. TonyonabiH, 6€H301Fa KaTblHACI
6apnbik enwemaepae 1-aeH kofapbl 60a4bl, 6yn BTIK ayaHbl nacTayablH Heri3ri Kesi aBToKeik
WbIFapblHAbINApbl 60bIN TabblNaTbiHbIH KepceTea,.
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Bo Bcem mupe 3arpAsHeHuMe aTMoOChepHOro BO3AyXa CYMUTAETCA OAHUM M3 OCHOBHbIX
MCTOYHMKOB pUCKa ANA 340p0BbA Ntogael. CylwecTByeT NpAMas 3aBUCUMOCTb MeXAY YPOBHEM
3arpA3HeHnA BO3Ayxa M PUCKOM BO3HUKHOBEHUA OHKONOTMYECKUX, CepAedyHO-COCYAMUCTbIX,
pecnupaTopHbIX U Apyrux 3a6onesaHnii. O4HUMM U3 CaMbIX TOKCUYHbIX IETYYUX OPraHUYECKUX
coeanHeHuit (10C) ssnatotca 6eH3on, Tonyon, atunbeHson u o-kcunon (BTIK). Lensto
[aHHOW paboTbl 6bINO YyCTaHOBUTb KOHUeHTpauuu BTIK B BO3ayxe roposa TanabiKopraH,
KasaxctaH metoaom TBepaodasHOW MWMKPOIKCTPAKLMM B COYETaHUMM C ra3oBoOi XpomaTto-
macc-cnekTpomeTpueli. B pasHble ce3oHbl npobooTbopa cpeaHue KoHueHTpauuu BTIK
BapbuMpoBanucb ot 7,540 27,07 15 80 250,072,4 0 12,8 10T 2,6 4,0 21 MKI/M3, COOTBETCTBEHHO.
MaKcumanbHble KOHUEHTpauun TIK 6binn 06HapyKeHbl B OCEHHUI Nepuoa, B TO BpemMA Kak
camble BbICOKME KOHLUeHTpauuu 6eHsona Habntoganmce 3umoin. OTHoweHne Tonyona Kk 6eHsony
NoYTM BO BCEX M3MepPeHUAX 6biNo Bbilwe 1, YTO YKasbiBaeT Ha TO, YTO OCHOBHbIM UCTOYHUKOM
3arpAsHeHuna Bo3ayxa BTIK aBnaetca BbIGPOCHI aBTOTPAHCMOPTHbIX CPeACTB.

KnioueBble cnoBa: TOM3I; X-MC; BTIK; 3arpsasHeHMe BO3Ayxa; aHaAu3 BO3AYXa;
TangblKopran.
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1. Introduction

Fast and uncontrolled population growth, increase of
energy consumption and private transportation lead to a
serious problem of air pollution in most cities around the
world [1]. Air pollution leads to ecosystem failure and creates
huge economic and social harm to the society. WHO reported
that in 2016, about 4.2 million of premature deaths were caused
by ambient air pollution [1]. 91% of deaths were in low- or
middle-income countries [1]. Ambient and indoor air pollution
causes the highest health risks around the world.

One of the most important stages in the activities aimed
at decreasing the ambient air pollution is its monitoring [2]. It
allows predicting the trends in change of concentrations of
contaminants, estimating an efficiency of anti-pollution
activities, identification of new dangerous contaminants and
key, most dangerous and illegal pollution sources.

One of the most dangerous group of air pollutants is
volatile organic compounds (VOCs) which are released into the
atmosphere due to biogenic and anthropogenic activity, as well
as in the result of the photolysis of gases in the air [2]. The main
sources of VOCs in the air are exhaust gases of vehicles, power
plants, industry, construction as well as the emissions from
household activities: cigarette smoke, paints, aerosols and
cleaning products [3]. Special attention is paid to benzene,
toluene, ethylbenzene and xylenes (BTEX) due to their high
toxicity. Many countries regulate and mandate monitoring
BTEX concentrations in ambient air [4].

The problem of air pollution exists not only in large cities,
but also in small ones such as Taldykorgan, Kazakhstan.
Taldykorgan is the center of Almaty region and a neighboring
city with Almaty. For several decades, it was considered one of
the most environmentally friendly cities in Kazakhstan, as there

have never been large industrial plants. Nowadays, the air
quality in Taldykorgan has deteriorated. This can be caused by
the intensive expansion of the city, the construction of new
residential areas and, accordingly, the increase in the number of
vehicles and amount of the heating systems in the cold seasons.
Taldykorgan does not have access to the gas pipeline. As a
result, coal is the main fuel for obtaining electricity and heat
generation in the city.

No data on the concentrations of the most common and
dangerous pollutants, including BTEX, in air of Taldykorgan are
available. For BTEX, it can be caused by a complexity of standard
analytical methods [5]. Currently, three main approaches are
most widely used for determination of BTEX in air [6-11]:

1. Air sampling in containers or canisters with different
volume [7-10]. Containers for sampling are made from materials
such as Teflon, glass or stainless steel. To concentrate the
analytes, the sampled air is passed through sorbent tubes
followed by desorption in a thermal desorption unit (TDU)
connected to the inlet of gas chromatograph.

2. Passing of air samples through a suitable VOCs-retaining
sorbent, followed by transferring the analytes to the inlet of gas
chromatograph using thermal desorption unit [10];

3. Continuous analysis of VOCs concentrations using
mobile monitoring stations and portable devices [11,12].

The disadvantages of the first two approaches are:

— the need for cleaning of containers and sorption tubes
with high purity helium;

— the need for additional thermal desorption unit for
desorption of analytes;

—thermal desorption of analytes from sorption tubes and
its transfer to a gas chromatograph is a slow process, which
causes wide and poorly separated peaks observed in
chromatograms.

© 2019 Al-Farabi Kazakh National University
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For achieving proper accuracy, the third approach requires
costly equipment, which is unavailable in Kazakhstan.

All these factors result in the absence of information from
the official sources about air pollution with BTEX in Kazakhstan
although the required equipment is available in responsible
laboratories.

Solid-phase microextraction is
perspective methods for sampling and quantification of VOCs
in air developed by Arthur and Pawliszyn from Waterloo
University (Canada) in 1989 [13-15]. SPME is based on a
sorption of analytes onto a polymeric coating followed by a
desorption in a GC inlet. SPME is very efficient and popular for
screening of VOCs in air. Available commercial fibers allow
detecting all VOCs or a narrow group of analytes depending on
their polarity and volatility. Using SPME in combination with
gas chromatography mass-spectrometry (GC-MS), Carlsen et
al. identified more than 100 VOCs in the air of Almaty [16].
Baimatova et al. [17] developed a very simple and accurate
method for quantification of BTEX in ambient air and applied it
in Almaty, Kazakhstan.

The objective of this research was to determine the levels
of BTEX in ambient air of Taldykorgan in different seasons during
2018-2019 by SPME-GC-MS using the method developed by
Baimatova et al. [17].

one of the most

2. Experiment

2.1 Air sampling sites

Sampling was conducted at three sites located in different
districts of Taldykorgan: Karatal, Center and the 2" Microdistrict.
Sampling sites (A1, A2, A3) were chosen in different parts of the
city for determination of mean BTEX concentrations. Sampling
sites were located close to the main roadways of the city, but at
a distance of more than 15 m from road — Almaty highway,
Zhansygurov street and Kabanbay Batyr street (Table1).
Meteorological parameters such as temperature, wind speed
and humidity (Table2) were taken from publicly available
database Gismeteo.

Table 1 — Description of sampling sites

Sar:i?e!mg (ngc:zsi;c;igs) Objects within a radius of 200 m
Rakishev — Almaty highway, new residential
Al Kablisa-Zhyrau microdistricts, university, gas
(45°00’31.6”N, station
78°20°49.1"E)
Shevchenko Low-rise buildings, shopping
_ complexes Karagash, Shagan,
o1’ ” urasia, bazaar
n febmbartbr RIS
78°22'32.6"E)
Residential buildings, shopping
_ ZNginesr\égznrnc;V a and entertainment complex City
A3 Y Plus, Nazarbaev Intellectual

(45°00’36.7"N,

78°24'10.3"E) School, school No. 9, Karatal

river, riverside

Table 2 — Weather conditions on sampling days

Sampling  Air temee- Weqther vevl\grr:‘i?y Pressure, Humi-

date rature, °C  conditions m/s ’ mmHg dity, %
10/3/2018 13 rainy 1 713 77
12/4/2018 15 sunny 6 715 53
14/4/2018 24 cloudy 3 705 60
12/07/2018 33 sunny 58 714 25
14/07/2018 32 rainy 5 702 38
16/07/2018 34 cloudy 0 701 64
16/10/2018 0 snow 0 716 94
18/10/2018 5 sunny 2 713 39
20/10/2018 12 cloudy 3 719 62
14/01/2019 -13 sunny 2 710 72
16/01/2019 -3 cloudy 3 715 77
18/01/2019 -10 sunny 0 709 91

Sampling was conducted four times a year between 5 PM
and 6 PM on April 10, 12 and 14; July 12, 14 and 16; October 16,
18 and 20,2018 and January 14, 16 and 18, 2019. Nine air samples
were collected per one sampling day and 27 samples per season.
In Almaty sampling was conducted at six different districts
between 8 and 9 AM and 8 and 9 PM on April 3, 5 and 7 (Table 3).
36 air samples were collected per day and 108 samples in total.

Table 3 — Sampling sites in Almaty

Sampling Crossroad Height,

site (coordinates) m
Radostovets st. — al-Farabi av.

S1 (N43°12.007', E76°53.774’) 978
Mendikulov st. — al-Farabi av.

52 (N43°13.654’, E76°57.252’) 944

Nauryzbay Batyr st. — Raiymbek av.
S3 (N43°16.099, E76°56.062’) 764
Papanin st. — Suyunbay av.

54 (N43°19.095’, E76°57.781") 700
Raiymbek av. — Akhrimenko st.

S5 (N43°14.950, E76° 50.844’) 770
Shevchenko st. — Gagarin av.

56 (N43°14.612', E76°53.586') 803

2.2 Air sampling using SPME

Air sampling was conducted as described by Baimatova et
al. [17]. Ambient air samples were collected into 20-mL crimp-
top vials (Agilent, USA) in triplicates by opening vial to air and
shaking of ~60 sec to increase air exchange and sealed with
aluminum caps with polytetrafluoroethylene/silicone septa
(Agilent, USA). Vials were transported to the laboratory in 1-L
glass jars. Prior to sampling all vials and caps were washed by

BecTHuMK KasHY. Cepua xummyeckasa. — 2019. — Ne4
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Table 4 — Results of calibration using SPME and GC-MS

A Retention time, Calibration range, R
nalyte . o3

min Hg/m Spring Summer Autumn Winter
Benzene 7.7 20-200 0.9603 0.9906 0.9780 0.9967
Toluene 9.3 20-200 0.9947 0.9931 0.9988 0.9297
Ethylbenzene 10.6 2-20 0.9905 0.9976 0.9956 0.9729
o-Xylene 11.7 2-20 0.9922 0.9927 0.9711 0.9992

distilled water and conditioned at 160°C during 4 h. Vials with
sampled air were placed on Combi-PAL tray (CTC Analytics AG,
Switzerland) for further GC-MS analysis. The analytes were
extracted from vials by exposed 85um Carboxen/
polydimethylsiloxane (Car/PDMS) SPME fiber at
temperature (T=22°C) for 7 min.

2.3 Air sample analyses with GC-MS

Analytes were desorbed from a fiber in the split/splitless
inlet of 7890A/5975C GC-MS system (Agilent, Santa Clara, USA).
Inlet was equipped with a 0.75 mm ID SPME liner (Supelco, USA)
operating in splitless mode at 250°C. Separation of BTEX was
conducted in @ 60 m x 0.25 mm DB-WAXetr (Agilent, USA)
column with 0.50 um film thickness at a constant (1 mL/min)
helium (>99.995%, Orenburg-Tehgas, Orenburg, Russia) flow.
Temperatures of MS interface, quadrupole and ion source were
250, 150 and 230°C, respectively. Oven temperature was
programmed from 40°C (held for 1 min) to 160°C (held for
2 min) with a heating rate of 10°C/min. Total GC run time was
15 min. MS detector was running in selected ion monitoring
(SIM) mode for better sensitivity at m/z 78, 91, 106 and 106 amu
for BTEX, respectively.

room

AN,
13000
12000
11000
10000

9000
8000
7000
6000
5000
4000
3000
2000

1000

2.4 Calibration and quantification of BTEX

Benzene (99.8%) and toluene (99.8%) were obtained from
“EKOS-1” LLP (Moscow, Russia). Ethylbenzene (99.0%) and
o-xylene (99.0%) were purchased from Sigma-Aldrich (St. Louis,
MO, USA). All solutions were prepared in methanol (299.9%)
purchased from Sigma-Aldrich (St. Louis, MO, USA).

Calibration was conducted using standard addition
method. Standard solutions (1.00 uL) were injected into 20-mL
vials. Concentrations of benzene, toluene and ethylbenzene,
o-xylene were different due to their different background
concentrations in ambient air. Addition concentrations of BT
were 20, 50, 100 and 200 pug/m?; and 2, 5, 10 and 20 ug/m? for
EX. Obtained calibration plots were linear (R2>0.99). Calibration
results are presented in Table4. Mean relative standard
deviations (RSD) ranged from 1 to 5%.

3. Results and discussion
3.1 General characterization of data

Chromatograms obtained for air samples provided a
proper separation (Figure 1). Signal-to-noise ratios were

TIC: arbat_1207_1.D\data.ms

3

M

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
Time-> 050 100 150 200 250 300 350 400 450 500 550 600 650 700 7.50 8.00 850 900 950 1000 10.50 11.00 11.50 12.00 12.50 13.00 13.50 14.00 14.50

1 - benzene, 2 —toluene, 3 — ethylbenzene, 4 — o-xylene

Figure 1 — Chromatogram of air sample at sampling point A2 at 5 PM on July 12, 2018
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higher than 15:1 for all analytes. Mean concentrations of BTEX
were calculated for all 27 air samples in Taldykorgan in each
sampling period (Tables 5 and 6). RSDs of concentrations at
three sampling sites at one sampling day did not exceed 25%
in the most cases. The greatest RSDs between sampling sites
were observed in winter (55% for toluene at third sampling
day), which can be explained by random factors such as a car
passing close to sampling site or a smoking person nearby. RSDs
of most replicates were in the range +10%. During entire
sampling period, only 14 outliers were found (<11% from total

samples), most probably, caused by damage of vials and
subsequent leakage of analytes. Thus, the previously developed
method [17] is simple, accurate, reproducible and can be
applied for air monitoring in different cities.

3.2 Difference between districts

Concentrations of BTEX were different at three districts of
Taldykorgan (Karatal, Center and the 2™ microdistrict)
(Figure 2). The lowest concentrations of BTEX were detected in
Karatal district while the highest — close to Almaty highway in
2" Microdistrict. Possible reason is that Karatal district is

Table 5 — Mean concentrations of BTEX in air of Taldykorgan in spring and summer, 2018

Concentration + SD (ug/m?3)

Sampling season Spring 2018 Summer 2018
Sampling date 10/04 12/04 14/04 Mean 12/07 14/07 16/07 Mean
Mean 7+3 1345 10+4 6.1+1.3 7.320.5 9.1+0.5
Benzene Max 11 18 14 10+4 7.2 213 115 7.5+0.7
Min 4 9 7 5.4 3.5 7.6
Mean 14+6 20£10 17+4 13.1+1.4 15.1+1.4 17.7+#3.1
Toluene Max 20 31 22 17+7 16.3 32.1 223 15.3+1.9
Min 9 10 15 11.4 13.2 141
Mean 3.0£0.9 3.5#1.1 2.5+0.4 1.9+0.4 2.4+1.1 2.7+0.8
Ethylbenzene Max 4.0 4.7 2.8 3.0£0.8 2.3 4.1 3.6 2.4+0.9
Min 24 2.9 2.1 1.5 14 2.1
Mean 1.8+0.3 3.310.8 2.7+0.7 4.8+1.0 7+3 5.7+1.5
o-Xylene Max 2.0 4.3 3.1 2.610.6 5.8 11 7.5 612
Min 1.4 2.8 19 3.8 4 4.7
Table 6 — Mean concentrations of BTEX in air of Taldykorgan in autumn 2018 and winter 2018-2019
Concentration + SD (ug/md)
Sampling season Autumn 2018 Winter 2018-2019
Sampling date 16/10 18/10 20/10 Mean 14/01 16/01 18/01 Mean
Mean 3948 15.2+0.4 8.4+1.1 45%25 20+2 17.4+1.4
Benzene Max 47 15.7 9.4 21+3 70 21 18.2 2719
Min 30 14.8 7.2 31 17 15.9
Mean 530+40 160430 6519 50+20 39+13 24413
Toluene Max 810 230 74 25030 80 53 38 38+16
Min 370 120 57 35 30 13
Mean 2744 7.5£1.0 4.1+0.6 3.9+0.9 2.6+0.4 2.1+0.3
Ethylbenzene Max 44 8.5 4.8 13+6 4.6 2.8 2.5 2.9+0.5
Min 15 6.6 3.7 2.9 2.2 1.8
Mean 45120 11.6+1.2 6.3£0.7 4.5%1.2 3.3+0.4 2.7+0.8
o-Xylene Max 70 12.7 7.1 2149 5.7 3.5 3.6 3.5+0.8
Min 20 10.3 5.8 34 2.8 2.1
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Figure 2 — Mean concentrations of BTEX at different districts of Taldykorgan

located in the eastern part of the city, almost on its suburb close
to the Karatal River that provides air circulation (Table 1).
In summer season, on the contrary, the lowest concentrations
of BTEX were found in the Center, and the highest — in Karatal
district. However, the most popular entertainment places are
located in Karatal district, which results in an increased number
of people and cars in the summer season.

In the 2" microdistrict, there is a “ring” of 5 roads, one of
which is the Almaty highway with traffic jams and weak air
circulation. Results of monitoring in autumn and winter seasons
are similar to the ones in the summer. The minimum
concentrations of BTEX were determined on Tuesday (April 10)
and on Thursday (July 12), most probably, due to rain. Toluene/
benzene (T/B) ratios were lower in Karatal district and higher in
2" microdistrict, but in both cases, T/B ratios were higher than
1. During all sampling period, T/B ratios were lower than 1 in 4
of 36 samples. Such ratios show that the main sources of BTEX
originated from transport related sources [18].

3.3 Seasonal variations

Sampling of air and analyses were conducted during four
seasons (Figure 3). Despite the three-month difference, the
seasonal mean concentrations in spring and summer were
similar: 9.6 and 7.5 pug/m? for benzene, 16.9 and 15.3 pg/m? for
toluene, 3.0 and 2.4 pug/m? for ethylbenzene, 2.6 and 5.8 pug/m?
for o-xylene, respectively.

ISSN 1563-0331
elSSN 2312-7554

A substantial difference was observed only in the
concentration of o-xylene that can be caused by an increase in
the number of cars in the summer season. Both seasons were
characterized by abundant flowering of trees, flowers and other
plants, which promotes photosynthesis purifying the air at the
same time. A substantial concentration raise of all compounds
was in autumn: 21, 250, 12.8 and 21ug/m? for BTEX,
respectively. These changes could be caused by the beginning
of the heating season in October, and also the burning of leaves
in open areas. Another factor is the temperature decrease that
results in slowing down air circulation. A particular increase in
concentration was observed for toluene. Even in winter, the
average concentration of toluene (38 ug/m®) was about six
times lower than in autumn. The source of such high
concentrations of toluene in autumn is impossible to explain
using the available data. To answer this question, additional
research is needed.

The maximum concentration of benzene (27 pug/m3) was
detected in winter season. Mean concentrations of
ethylbenzene (2.9 ug/m?3) and o-xylene (3.5 ug/m?3) were in the
same range as in spring and summer. In most samples,
concentrations of ethylbenzene and o-xylene were ten times
lower than those of benzene and toluene (Tables 5 and 6), most
probably, due to their lower stability in air [19], content in
gasoline [20], exhaust gases of cars [21] and other emissions.

Chemical Bulletin of Kazakh National University 2019, Issue 4
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Figure 3 — Concentrations of BTEX in different seasons

Mean T/B ratio were in the range from 1.2 and 1.8 in all seasons
except autumn, when T/B was 10.6.

3.4 Comparison with other cities

In the middle of spring, concentrations of BTEX in air of
Taldykorgan were compared with BTEX concentrations in
Almaty, Kazakhstan (Figure 4). Mean concentrations of benzene
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Figure 4 — Concentrations of BTEX in spring 2018 in air of
Taldykorgan and Almaty

References (GOST)

and toluene in air collected in spring in Taldykorgan (10 and
17 pug/m?) were about two times lower than at the same season
in Almaty (19 and 32 pg/md). Concentrations of ethylbenzene
and o-xylene in two cities ranged from 2 to 4 ug/mé. Mean
concentrations of BTEX in air of Almaty were close to those in
cities around the world with high levels of air pollution such as
New Delhi, Cairo, Rome, Ho Chi Minh city, San-Paulo and
Manila [17], while in Taldykorgan, BTEX concentrations were
substantially lower, which indicates a lower level of air pollution
with BTEX.

4. Conclusions

Thus, the monitoring of BTEX in ambient air of Taldykorgan,
Kazakhstan was conducted for the first time. Highest
concentrations of TEX were observed in autumn, except
benzene, maximum concentrations of which were in winter. In
Taldykorgan, T/B ratio were higher than 1 in most samples
indicating the greatest contribution of transport-related
sources of BTEX. Concentrations of benzene and toluene in
spring in air of Taldykorgan were about two times lower than
those in Almaty at the same period. The concentrations of
ethylbenzene and o-xylene were similar in both cities. The
obtained results prove that the method developed by Baimatova
et al. [17] is efficient and can be applied for air monitoring in
many other cities. The obtained results can be used for
developing air pollution monitoring network in Taldykorgan.
For better decision making, Taldykorgan can be compared to
other cities using the partial order ranking methodology
proposed by Carlsen et al. [22].
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Ligularia is a medicinally important herb of the family Compositae. Ligularia narynensis
is a perennial herb growing in the mountains, rich in sesquiterpenes, triterpenes, lignans,
alkaloids, and steroids. In this work chemical constituents of the root part of medicinal plant L.
narynensis from Kazakhstan have been determined for the first time. The constituents of the
root part of L. narynensis were extracted with hexane and analyzed by gas chromatography —
mass spectrometry (GC-MS). Thirty compounds were detected, and their concentrations were
determined by the method of normalization of peak areas. Among them, the major components
are (9Z,12E)-octadeca-9,12-dienoic acid (16.7%), ethyl (92,12Z)-octadeca-9,12-dienoate (11.1%),
n-hexadecanoic acid (11.0%), (3a,5a,5b,8,8,11a-hexamethyl-1-prop-1-en-2-yl-1,2,3,4,5,6,7,7a,
9,10,11,11b,12,13,13a,13b-hexadecahydrocyclopentalalchrysen-9-yl) acetate (9.1%), [(3R)-
4,4,6a,6b,8a,11,11,14b-octamethyl-1,2,3,4a,5,6,7,8,9,10,12,12a,14,14a-tetradecahydropicen-3-
yl] acetate (5.1%). Presence of these bioactive constituents may indicate that the plant extract
possesses anti-inflammatory, antimicrobial and anticancer activities, which can serve as a basis
for the development of new phytopreparations.

Keywords: Ligularia narynensis; hexane extract; liposoluble constituents; GC-MS.

a3 xpomarorpaduma — macc-
cneKTpomeTpua daicimeH
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IXMMUA KIHE XUMUANBIK TEXHONOTUA
dakynbTeTi, on-dGapabu atbiHAaFbl Kasak
YATTbIK YyHUBepcuTeTi, Anmatsbl, KasakcTaH
2[1apinik ecimaikTepai folibiMmu 3epTTey
opTanbifbl, 91-Papabu aTbiHAAFbI Ka3ak,
YATTbIK YyHUBepcuTeTi, Anmatsbl, KasakcTaH
3lWaHxakt gapinik npenapartap MHCTUTYTI,
KbITai FblNbIM aKafeMuUAchI,
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Ligularia — TepanuanblK MaHbI3abl WeNTi ecimaik. Ligularia narynensis ceckButepneH,
TPUTEPNEH, J/IUTHAH, aNKanoug, XaHe CcTepouaTapfa 6all Tayga eceTiH  KemkKblngblK
ecimaik. byn xymbicta KasakcTaHaa eceTiH L. narynensis papinik ecimpiri TamblpaapbiHaH
XUMUANBIK KOMNOHEHTTEPiHIH Tanaaybl GipiHwWi peT xyprisingi. L. narynensis ecimairi Tamblp
6eniriHeH Maiaa epriw 3aTTap reKCaHMeH 3SKCTParMp/ieHreH aHe rasgbl xpomaTorpadpwua
— Mmacc-cnekTpomeTpusaHbiH (TX-MC) apgicimen TangaHabl. OTbi3  KOCbINbIC capanTangbl

KOHEe onapAblH  KOHUEHTpauuanapbl MUK  ayfaHAapbliH - KasnbiMKka Kentipy  ajicimeH
aHbIKTaNAbl, ofapablH,  iwiHge Herisri  (9Z,12E)-okTageka-9,12-gueH  KblwKbiabl (16,7%),
aTUN (9Z,12Z)-okTageka-9,12-gueHoar (11,1%), n-rekcagexkaH KblLWKbIAbI (11,0%),

(3a,5a,5b,8,8,11a-rekcameTtunn-1-npon-1-e1-2-un-1,2,3,4,5,6,7,7a,9,10,11,11b,12,13,13a,1
3b-rekcagekarnapoumnknonentalalxpuser-9-un) auetat (9,1%), [(3R)-4,4,6a,6b,8a,11,11,14b-
okTtameTtnn-1,2,3,4a,5,6,7,8,9,10,12,12a,14,14a-TeTpagekarngponuueH-3-un) auerar (5,1%)
60nbin Tabbinaabl. Ocbl Guonoruanbik 6enceHai KOMNOHeHTTepAiH 601ybl 6CIMAIK CbIFbIHAbICHI
KabblHyFa Kapcbl, MUKPOBKA KapcCbl »KaHe iCikKke Kapcbl BenceHpinikke ve ekeHiH Kepcetyi
MYMKiH, 6yn kaHa putonpenapaTTapabl a3ipaeyre Heri3z 60s1a anagbl.

TyiiH ce3pep: Ligularia narynensis; rekcaHAi 3KCTpaKT; maiiaa epriw 3attap; NX-MC.
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Ligularia saBnAeTcA TepaneBTUYECKM BaXHbIM TPaBAHUCTbIM pacTeHUEM U3 cemelcTBa
Compositae. Ligularia narynensis — MHOronetHee pacTeHue, Npowu3pacTaloliee B ropax,
boraToe ceckBMTepneHamu, TpUTepneHamu, AWrHaHaMW, ankanougamu u crtepoupamu. B
[aHHOM paboTe BnepBble 6bln UCCNEAOBAH XMMMWYECKMIA COCTaB KOPHEW NEKapCTBEHHOTO
pacteHna KasaxctaHa L.narynensis. upopacTBOpMMble KOMMOHEHTbI M3 KOPHEBOW 4acTu
L. narynensis 6blin 3KCTParMpoBaHbl FeKCaHOM W MNpOaHaAU3MpOBaHbl MeTOA0M Fa30BOW
xpomaTorpadum — macc-cnektpomeTtpum (FX-MC). O6HapyKeHO TPUALATb COEAUHEHWUI U WX
KOHUEHTpaLuun onpegeseHbl MeToAOM HOPManu3auuu naowagelt NuKos, cpeam KOTOPbIX
OCHOBHbIMM cocTaBaawWMMKU aAsasatoTca (9Z,12E)-okTageka-9,12-agueHoBan kucnorta (16,7%),
aTun (92,127)-okTapeka-9,12-aueHoart (11,1%), n-rekcafiekaHosas kucnota (11,0%),
(3a,5a,5b,8,8,11a-rekcameTtunn-1-npon-1-e1-2-un-1,2,3,4,5,6,7,7a,9,10,11,11b,12,13,13a,1
3b-rekcagekarngpoumnknoneHtalalxpusen-9-un) auetat (9,1%), [(3R)-4,4,6a,6b,8a,11,11,14b-
oktameTtun-1,2,3,4a,5,6,7,8,9,10,12,12a,14,14a-TeTpagekarngponunueH-3-un) auertart (5,1%).
Hannume 3tnux 6MONOTrMYECKM aKTUBHbIX KOMMOHEHTOB, MOMET CBU/ETe/NbCTBOBaTb O TOM,
4YTO pPacCTUTENbHbIA 3KCTPaKT obnagaeT NPOTUBOBOCMANUTENbHOM, NPOTUBOMUKPOGHOW 1
NPOTMBOOMYXONEBOM aKTUBHOCTbIO, YTO MOMKET MOCAYXKWUTb OCHOBOM ANA pPa3paboTKuM HOBbIX
¢duTonpenapatos.

KniwoueBble cnoBa: Ligularia narynensis;
KOMMOHeHTbI; MX-MC.

rekcaHoBbll 9KCTPAKT;, XUpOopacTBOpUMble
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Determination of chemical composition of the Ligularia
narynensis root by gas chromatography-mass spectrometry
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1. Introduction

Ligularia is a medicinally important herb of the family
Compositae containing about 180 Eurasian species, 17 species
growing in mountains of Kazakhstan [1]. Some species in this
genus have been used for a long time as folk remedies for their
antibacterial, anticancer, and antitumor activities [2-5]. More
than 27 Ligularia species have been used as traditional Kazakh
and Chinese medicinal herbs for the treatment of fever, pain,
inflammation, intoxication, cough phlegm, removing blood
stasis, emetic, diuresis, cholagogue [6,7]. Previous studies
confirmed the presence of sesquiterpenes, triterpenes, sinapyl
alcohol derivatives, lignans, alkaloids, and steroids in Ligularia
[8]. Eremophilane sesquiterpenes are considered as the major
secondary metabolites and taxonomic markers of Ligularia
genus. More than 500 eremophilane sesquiterpenes have been
reported from this genus [9,10].

Ligularia narynensis is a perennial herb growing in Almaty
region of Kazakhstan and in Xinjiang province of China. Gao et
al. [2,7,11,12] determined the structures of oplopane-type
sesquiterpenes, a new 8-0-4’-type neolignan-, oplopane- and
guaiane-type sesquiterpenoids, monoterpenoids from the
roots of L. narynensis.

We have previously reported the chemical investigation
results on total bioactive components from root part of L.
narynensis such as organic acids, flavonoids, moisture content,
total ash, and extractives content. Together with eleven macro-,
microelements from the ash of plant were determined by using
method of multi-element atomic emission spectral analysis.
And same time, twenty amino and eight fatty acids were
quantified in this plant [13]. In addition, fifty nine liposoluble
constituents in chloroform extract from the root part of L.

narynensis have been identified by gas chromatography-mass
spectrometry (GC-MS) method [14].

In our continuously study of the plant, thirty liposoluble
constituents in hexane extract from medicinal plant L.
narynensis have been determined by GC-MS method which
grown in Almaty region of Kazakhstan for the first time.

2. Experiment

2.1 Plant material

The root part of plant L. narynensis was collected in
September 2017 from the Zailiysky Alatau Mountains of Almaty
region and identified by Dr. Alibek Ydyrys. Specimens (1217-BN-
17) were deposited in the Herbarium of Laboratory Plant
Biomorphology, Faculty of Biology and Biotechnology, al-Farabi
Kazakh National University, Almaty, Kazakhstan.

2.2 Extraction

The dried and powdered L.narynensis (100g) was
extracted three consecutive portions of 95% ethanol. Volume
of each portion was 800 mL. Extraction time of each portion
was 7 days. Filtered extracts were combined and concentrated
under reduced pressure with a vacuum rotary evaporator
R-300s (Buchi, Switzerland). A residue was dissolved in 150 mL
of water and extracted with 150 mL of hexane (99%, China).
Then the dry extract (133 mg) was stored at 4°C. For GC-MS
analysis, 1 mg of dry extract was dissolved in 1 mL of hexane.

2.3 GC-MS conditions

Analyses were conducted on Agilent 7890A/5975C gas
chromatograph coupled to mass spectrometer equipped with a
7683B auto injector (Agilent Technologies, USA). Separation
was carried out with a HP-5MS fused silica capillary column
(0.25 mm x 30 m, 0.25 um film, J&W Scientific, USA). The

© 2019 Al-Farabi Kazakh National University
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injection port temperature was 310°C. The injection volume
was 1 pL, split ratio 5:1. Helium (99.99 %, China) was used as the
carrier gas at a rate of 1.0 mL/min. The column temperature
was held at 50°C for 10 min, increased by 10°C/min to 300°C,
and then held for 40 min. Mass spectra were obtained by
electron impact (El) ionization at 70 eV in scan mode (m/z 30-
1000 amu). Solvent delay was 3 min. The detector, ion source
and transfer line temperature were set to 150, 230 and 250°C,
respectively.

2.4 Identification and quantitation

The compounds were identified using NIST14 library. Mass
fraction of each detected compound was estimated using
normalization of peak areas. The sample was analyzed three
times. All data are expressed as the mean * standard deviation
of three replicate measurements.

3. Results and discussion

The liposoluble constituents present in hexane extract
from the root part of L. narynensis were analyzed by GC-MS for
the first time (Figure 1). Thirty compounds were detected on a
chromatogram with a NIST MS library match >70% (Table 1). The
prevailing constituents are: (9Z,12E)-octadeca-9,12-dienoic
acid (16.7%), ethyl (9Z,12Z)-octadeca-9,12-dienoate (11.1%),
n-hexadecanoic acid (11.0%), (3a,50,5b,8,8,11a-hexamethyl-1-
prop-1-en-2-ylI-1,2,3,4,5,6,7,70,9,10,11,11b,12,13,130,13b-
hexadecahydrocyclopentala]chrysen-9-yl) acetate (9.1%), [(3R)-
4,4,6a0,6b,8a,11,11,14b-0ctamethyl-
1,2,3,40,5,6,7,8,9,10,12,120,14,14a-tetradecahydropicen-3-yl]
acetate (5.1%). Table 1 report the composition of the liposoluble
constituents of L. narynensis.
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The earlier reports on the essential oil from L. virgaurea
has been reported to possess 4-methyl-1-(1-methylethyl) 3-cy-
clohexen-1-ol (14.4%), 2-methyl-heptane (9.8%), 3-methyl-hep-
tane (8.3%), heptane (7.9%), 4-methyl-1-(methylethyl)-bicyclo
[3,1,0] hex-2-ene (7.8%), 3-methyl-hexane (6.4%), 2-methyl-hex-
ane (5.5%) and limonene (4.7%) [15]. L. stenocephala growing in
Korea was reported to possess a-pinene (41.1%), limonene
(17.7%), 2,7-bis(spirocyclopropane) bicycle [2.2.1] heptan-5-one
(13.2%), o-anisaldehyde (5.9%) and phellandrene (5.2%) as the
major constituents of its oil [16]. The oil from L. persica (from
Iran) contained (Z)-8-ocimene (12.5%), cis-m-mentha-2,8-diene
(8.8%), a-eudesmol (8.7%), valencene (5.9%) and 14-hydroxy-6-
cadinene (5.7%) as the major constituents [17].

On correlating the liposoluble constituents’ composition
of these species, it appears that L. virgaurea, L. stenocephala
and L. persica are chemotaxonomically not related to L. nary-
nensis. These results indicated that the differences in the vola-
tile profiles of the species are primarily qualitative. Taken to-
gether, these data suggest that L. narynensis may play very
important role in the development of new phytopreparations.

The main liposoluble constituent of L. narynensis (92,12E)-
octadeca-9,12-dienoic acid (16.7%) have been reported to have
antimicrobial activity [18]. And second major liposoluble con-
stituent ethyl (92,12Z)-octadeca-9,12-dienoate (11.1%) has a hy-
pocholesterolemic, nematicide, antiarthritic, hepatoprotective,
antiandrogenic, hypocholesterolemic, 5-alpha reductaseinhibi-
tor, antihistaminic, anticoronary, insectifuge, antieczemic, anti-
acne activities [19]. n-Hexadecanoic acid (11.0%) might function
as an anti-inflammatory agent [20]. Furthermore, this acid has
an inhibitory activity. These findings further confirm the medici-
nal value of plant and its anticancer cytotoxic potential [21,22].
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Figure 1 — Total ion (m/z 30-1000) chromatogram of hexane extract from
the root part of L. narynensis
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Table 1 —The liposoluble constituents from the root part of L. narynensis
. Molecular NIST
Peak . Cas Retention Molecular . Content?,
Constituent R i weight, Match,
No. No. time, min  formula %
amu %

1 2-Methoxy-4-vinylphenol 7786-61-0 9.831 C,H,,0, 150 0.23+0.03 94
2 2,6-Dimethoxyphenol 91-10-1 10.207 C,H,,0, 154 0.3940.01 98
3 Phenoxybenzene 101-84-8 11.036 C,H,,0 170 3.440.1 87
4 Dimethylbenzene-1,2-dicarboxylate 131-11-3 11.494 C,,H.,0, 194 0.22+0.03 97
5 1-Chloro-4-phenoxybenzene 7005-71-3 13.363 C,,H,Clo 204 0.22+0.02 97
6 4-Hydroxy-3,5-dimethoxybenzaldehyde 134-96-3 13.892 CH,,0, 182 0.0940.01 96
7 2,6-Dimethoxy-4-[(E)-prop-1-enyl]phenol 20675-95-0  14.487 C,H,0, 194 0.10+0.01 98
8 1-Tetradecanoic acid 544-63-8 15.362 C,H,:0, 228 0.15+0.01 93
9 Methyl hexadecanoate 112-39-0 17.067 CH,,0, 270 0.10+0.01 98
10 n-Hexadecanoic acid 57-10-3 17.586 C,H,,0, 256 11.040.8 99
11 Ethyl hexadecanoate 628-97-7 17.757 C.H,.0, 284 3.1+0.5 99
12 Methyl (10E,12Z)-octadeca-10,12-dienoate 21870-97-3 18.641 CH,,0, 294 0.23+0.03 99
13 Methyl (9Z,11E)-octadeca-9,11-dienoate 79790-32-2 18.713 C,H,,0, 294 0.46%0.04 87
14 (92,12E)-Octadeca-9,12-dienoic acid 506-21-8 19.195 CH.,0, 280 16.7£1.0 99
15 Ethyl (9Z,12Z)-octadeca-9,12-dienoate 6114-21-2 19.272 C,H;0, 308 11.1+0.9 99
16 Octadecanoic acid 57-11-4 19.426 CgH,0, 284 4.4+0.9 95
17 1,4-Dimethyl-7-(1-methylethyl)-azulen-2-ol 18937-66-1 19.834 C15H180 214 2.5%+0.3 74
18 2-Butyl-5-hexyloctahydro-1H-indene 55044-33-2  20.762 C,oHse 264 0.23+0.03 94
19 Bis(2-ethylhexyl) benzene-1,2-dicarboxylate 117-81-7 22.321 C,,H,0, 390 0.12+0.01 96
20 Ethyl docosanoate 5908-87-2 22.841 C,,H,:0, 368 0.1240.02 95
21 (92,122)-1,3-Dihydroxypropan-2-yl octadeca-9,12-dienoate 3443-82-1 23.409 C,,H,.0, 354 0.15+0.02 97
22 (25)-2,5,7,8-Tetramethyl-2-[(4S5,85)-4,8,12-trimethyltridecyl]-3,4-  1406-18-4 26.740 C,,H,.0, 430 0.13+0.01 97

dihydrochromen-6-ol
23 (35,85,9S5,10R,13R,14S,17R)-17-[(2R,5R)-5,6-Dimethylheptan-2- 474-62-4 27.774 C,.H,.0 400 0.41+0.04 99

yl]-10,13-dimethyl-2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-

1H-cyclopenta[a]phenanthren-3-ol
24 (3b,245)-Stigmast-5-en-3-ol 83-47-6 28.777 C,H, .0 414 2.8+0.3 99
25 (3S,4aR,6aR,6bS,8aR,12aR,14aR,14bR)-4,4,6a,6b,80,11,11,14b- 559-70-6 29.160 C,,H,,0 426 1.144£0.08 99

Octamethyl-1,2,3,44,5,6,7,8,9,10,12,120,14,140a-

tetradecahydropicen-3-ol
26  (6aR,6bS,8aR,12aS,14aR,14bR)-4,4,6a,6b,8a,11,11,14b- 638-97-1 29292 C,H,0 424 1.27+0.07 94

Octamethyl-2,43a,5,6,7,8,9,10,12,12a,14,

14a-dodecahydro-1H-picen-3-one
27 (3S,4aR,6aR,6bS,8aR,11R,125,12aR,14aR,14bR)- 638-95-9 29.670 C,,H, .0 426 3.9+0.5 93

4,4,6a,6b,80,11,12,14b-0Octamethyl-2,3,44,5,6,7,8,9,10,11,12,

12a,14,14a-tetradecahydro-1H-picen-3-ol
28 [(3R)-4,4,6a,6b,8a,11,11,14b-Octamethyl- 1616-93-9  30.529  C,H,0, 468 5.1+0.5 97

1,2,3,4a,5,6,7,8,9,10,12,12a,14,14a-tetradecahydropicen-3-yl]

acetate
29 (3S,8aS)-5,8a-Dimethyl-3-prop-1-en-2-yl-2,3,4,4a,7,8-hexahydro-  84238-29-9 30.665 C.H,, 204 1.11+0.09 90

1H-naphthalene
30 (3a,5a,5b,8,8,11a-Hexamethyl-1-prop-1-en-2-yl-1,2,3,4,5,6,7,7a,9,  1617-68-1 31.153 C..H_O 468 9.1+0.6 95

10,11,11b,12,13,13a,13b-hexadecahydrocyclopentalalchrysen-9-

yl) acetate

32 5272

2 Data are expressed as means * standard deviation of three replicate measurements
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4. Conclusion

In this work, the investigation of the liposoluble
constituents from the roots of L. narynensis of Kazakhstan have
been made for the first time. As the results of this study, thirty
liposoluble compounds were quantified from medicinal plantin
which the major constituents are (9Z,12E)-octadeca-9,12-
dienoic acid (16.7%), ethyl (9Z,12Z)-octadeca-9,12-dienoate
(11.1%), n-hexadecanoic acid (11.0%), (3a,5a,5b,8,8,11a-
hexamethyl-1-prop-1-en-2-yl-1,2,3,4,5,6,7,7a,9,10,11,11h,12,13,
13a,13b-hexadecahydrocyclopenta[alchrysen-9-yl) acetate
(9.14%), [(3R)-4,4,6a,6b,8a,11,11,14b-octamethyl-1,2,3,44,5,6
7,8,9,10,12,12a,14,14a-tetradecahydropicen-3-yl] acetate
(5.10%). Presence of these bioactive constituents may indicate
that the plant extract possesses anti-inflammatory,
antimicrobial and anticancer activities. The results can be used
in future investigations of L.narynensis, to improve the
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In order to modify the surface, thermal acid activation of the zeolite of the Chankanai deposit
was conducted. It was found that the treatment of the mineral with acid at high temperature leads
to a decrease in the content of Ca, Al and Sr in its composition. Adsorption of chitosan on the
surface of thermoacid-activated zeolite was also studied. Processing of the adsorption isotherms
according to Langmuir and Freundlich models showed that the maximum adsorption of chitosan
on the zeolite surface is 30.1 mg/g and the Freundlich constant 1/n is 0.75. On the IR-spectra of
chitosan-modified zeolite, a certain shift to the higher frequencies of the peak was found at the
oscillation frequency of 1638 cm™, which can be explained by the contribution of amino groups
adsorbed on the surface of the mineral. The shift to the left of the peak at 581 cm?, typical for
aluminosilicate groups, is also an evidence of their interactions with chitosan. When studying the
effect of chitosan concentration on the wetting of the modified zeolite powder, it was found that
at concentration of 2:10 base mol/L, an increase in the wetting angle from 10° to 47° occurs
due to surface overcharging. According to the data of adsorption, IR spectroscopy and wetting
of the surface, the main mechanism for binding chitosan to the zeolite surface was due to the
electrostatic interaction of polymer amino groups with silicate and aluminosilicate groups of the
mineral, stabilized by hydrogen bonds between the OH-groups of the polymer and =Si-O-groups
of the solid phase.

Keywords: zeolite; chitosan; modification; adsorption; thermal acid activation.

Leonut 6eTiH xuTo3aHmeH
apcopbumnanbik eHaey
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betTi eHpey MmakcatbiHaa LUaHKaHah KeH OPHbIHbIH, LEeOAUTIH TePMOKbILWKbINAbIK,
aKTMBauuAanay Kyprisingi. Mofapbl Temnepatypafa MMUHepangbl KblWKbIIMEH eHaey
OHbIH, KypambiHAafbl Ca, Al kaHe Sr yneciHiH TemeHaeyiHe anapaTbiHAbIFbl AHbIKTaNAbI.
TepMOKbILWKbINAbI b6enceHAipinreH Leonut bGeTiHAe XMTO3aHHbIH agcopbuusackl 3epTTengi.
Agcopbuma manimerTepiH JleHrmiop KaHe PpeHannx moaenbaepi 6oibiHWa eHAey LeonuT
beTiHAeri XMTO3aHHbIH MaKCMManabl afcopbumnacbiHbii, MaHi 30,1 mr/r, an 1/n KOHCTAHTACbIHbIH,
0,75-Ke KeTeTiHAiriH KepceTTi. XuTo3aHMeH eHaenreH ueonutTiH, UK-cnekTpiHae 1638 cm™
Tepbenic KuiniriHaeri  WbIHHbIH, YKOFapbl KWiNiri aHbiKTanabl, 6yn XaluT muHepan beTiHae
apcopbumnanaHfaH aMmuH TONTAPbIHbIH Y1ECIMEH Herizaenai. ANtoMoCMAMKaTTbl ToNTapFa ToH 581
cM? aliMaFblHAAFbI WbIHHbIH 4@ COM KaKKa blfbICYbl 0N1apAblH XMTO3aHMEH ©3apa apeKeTTecyiHiH,
Aaneni 6onbin Tabbinagbl. XMTO3aH KOHLEHTPALMACBIHBIH LLEONUT YHTafFblHA CYy TaMLWbINAPbIHbIH,
JKYFyblHa acepiH 3epTTey 6apbicbiHAa noavmepgid, 2:10°% Heriz-mo/ib/A KOHUEHTpauuacbiHAa
KYFy OypblwbiHbiH 10°-TaH 47°-Ka AeliH apTybl 6aiikanabl kaHe 6yn e3repictep 6eTTiH
Tepic 3apAadblHblH, OH, 3apAafKa aybicybiMeH Herizgenai. Apcopbums, WK-cnekTpockonus,
CKaHep/eywi 3/1eKTPOHAbIK MUKPOCKOMUA XIHE KYFy Manimettepi 6GoWblHWA XMTO3aH
MaKpOMO/IeKyNanapbiHblH, LeoauT 6eTimeH 6aitnaHbICybIHbIH, HEri3ri MexaHM3mi NosumepaiH
aMWH TONTAPblHbIH, MWHEPaNAblH CUAMKATTbIK KJHE a/lOMOCUMKATTbIK TONTapbiMeH
9N1eKTpOCTaTUKaNbIK apeKkeTTecyi 6onbin Tabbinagbl, 6yn apekeTTecy nonumepaid, OH-TonTapbl
MeH KaTTbl dasaHbiH =Si-O- TonTapbl apacbiHAafbl H-6altnaHbicTapMeH TypaKTaHAbIpbl/IFaH.

TyiiH ce3pep: LEONUT; XMTO3aH; eHAeY; aAcopbLMA; TEPMOKbIWKbIIABIK aKTUBALUA.
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C uenbio moandmKaLMm NoBEPXHOCTU NpoBeAeHa TEPMOKMCIOTHAA aKTUBaLMA LEeonuTa
YaHKaHaAWCKOro MecTopoXAeHWUA. YcTaHOB/MeHO, YTo obpaboTka mMuHepana KUCAOTOW npu
NOBbIWEHHOM TemnepaType MPUBOAMUT K CHUXeHWUto copepaHua Ca, Sr u Al B ero cocTase.
M3yyeHa apcopbuma xuMTo3aHa Ha MOBEPXHOCTU TEPMOKMC/IOTHO-aKTUBMPOBAHHOIO LLEO/UTA.
ObpaboTka AaHHbIX agcopbuun no JieHrmiopy u ®PpeliHANMXY MOKasana, 4YTO 3HavyeHue
MaKCMManbHOM afacopbumMM xuTo3aHa Ha MOBepxHOCTM ueonuTa coctasaset 30,1 mr/r, a
KOHCTaHTbl 1/n - 0,75. Ha MK-cnekTpax moandULMPOBaHHOIO XMTO3aHOM LLeonnTa obHapy)XeHo
HeKoTopOe CMelLeHne BNEBO NUKA NpK YacToTe KonebaHuit 1638 cm?, 4To 06BACHEHO BKNAZOM
amuHOrpynn, aAcopbupoBaHHbIX Ha MOBEPXHOCTU MUHepana. CMelleHMe BAEBO MWKa npu
581 cm?, XapaKTepHOro ANA aNtOMOCUAUKATHBIX FPYNM, TaKKe ABNAETCA CBUAETENbCTBOM WX
B3aMMOAENCTBUA C XMTO3aHOM. [1pU U3yYeHUU BAVAHUA KOHLEHTPALLIMM XMTO3aHa HAa CMayuBaHune
NOpOLLIKa LLeoANTa YCTAaHOBAEHO, YTO NPW KOHUEHTpauuu 2:10° 0CHOBO-MO/b/A NPOUCXOAUT
yBeAuYeHue yrna cmaumsanua ot 10° go 47°, obycnoBneHHOE Mepe3apafKoi NOBEPXHOCTH.
Ha ocHoBaHuM AaHHbIX agcopbumm, UK-cnekTpockonum n CMaymMBaHUA NOBEPXHOCTU cAeNaHo
3aK/Itl04eHMe, YTO OCHOBHbIM MeXaHW3MOM CBA3bIBAaHMA XMTO3aHa C MOBEPXHOCTbIO L,EOoNUTa
ABNAETCA 3/1eKTpOCTaTUYeCcKoe B3aMMOLENCTBME aMWUHOTPYnn MoOAMMEpPa C CUAUKATHbIMMU
1N aNlOMOCUMKATHBIMK TpynnamMmu  MUHepana, ctabunmsmposaHHoe H-cBasamu mexay OH-
rpynnamu noammepa u =Si-O- rpynnamu TBepaon dasbl.

Kniouesble cnoBa: LEONUT; XWUTO3aH; MO,D,Md)MKaLI,VIH,‘ a,ﬂ,COpGLl,MFI,‘ TEPMO-KUCNOTHaA
aKTusauua.
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Adsorption modification of the zeolite surface with chitosan
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1. Introduction

Clay minerals are the most widely used natural raw
materials, ranging from building materials to enterosorbents [1-
5]. Among them, zeolites, so-called “molecular sieves”, are
particularly distinguished, due to their ability to adsorb
molecules smaller than 10 A. Along with high adsorption
capacity, they also have ions-exchange properties [6-8]. The use
of zeolites for purification of gases was also reported [9]. The
high porosity and the ability to control particle size by dispersion
in the
development of composite materials: in construction chemistry

determine the prospects for using this mineral

by combining with other minerals, in biotechnology as carriers
of enzymes, microorganism cells to create selective biosorbents
and biocatalysts. However, as natural minerals, zeolites have a
negative charge on their surface. Most microbial cells are also
negatively charged. For combination with other minerals and
microbial cells, the modification of the zeolite surface with
positively charged polymers and surfactants is needed. The
well-known cationic polymers and surfactants such as
polydimethyldiallylammonium chloride, polyvinylpyridinium
chloride, cetylpyridinium bromide and chloride can have toxic
effects on enzymes and microbial cells. Among cationic
polymers, chitosan obtained from chitin is most harmless to
living organisms and environment [10,11]. However, there is no
information in the literature about the use of chitosan to
regulate the surface properties of clay minerals. In this regard,
the aim of this study was to modify the surface of the zeolite
using chitosan.

2. Experiment

Zeolites of Chankhanai deposit (Almaty region) were used.
Zeolite samples were crushed to particle size of 10-30 um, then

washed twice with distilled water and dried at 200°C. However,
zeolite particles with long-term exposure in the aqueous
medium increased the optical density of suspensions due to
leaching of fine particles of impurities, which complicated their
analysis. In this respect, the method of treatment with mineral
acid and high temperature was used, which is widely used for
purification of clays from impurities [12, 13]. 50 g of zeolite were
mixed with 250 mL of 15% (w/w) H,SO,, boiled for 4 h at 100°C
on a water bath. Then the mineral was washed with distilled
water, pH of which was brought to 7 by 0.1 M NaOH. The
purified zeolite was dried at 200°C for 2 h.

Zeolite composition was determined using X-ray
fluorescence spectrometer Focus 2M (Russia) using Fe-radiation
in the range from 2V to 37 V with a measurement accuracy 3%.
The intensity of the diffraction maxima was estimated by an
analytical method in a tetragonal singoniya. Experiments were
carried out at 25+0.2°C.

Chitosan purchased from Sigma Aldrich (USA) was used for
the modification of zeolite. The concentration of chitosan was
varied in the range of (0.1-1.0)'102base mol/L. For this purpose,
100 mL of a solution containing 0.16 g of chitosan was prepared.
Then 1 mL of the solution was mixed with 9 mL of distilled water.
Other solutions were prepared in a similar way. For modification
of the zeolite surface, 1 g of mineral sample was put in 20 mL
chitosan solution with a concentration of (0.1-1.0)-10 base
mol/L for 2 h. Adsorption of chitosan on the zeolite surface was
calculated by the formula: A=(C1-C2)-V/m, where C, and C, —
initial and equilibrium concentrations of chitosan, base mol/L;
V —solution volume, L; m — zeolite mass, g.

Determination of chitosan concentration was performed
using UV-7504 (Shanghai, China) spectrophotometer with a
measurement accuracy *2%. Analysis was based on the
dependence of the optical density of polymer solutions on the
concentration. Experiment was carried out in cuvettes with an

© 2019 Al-Farabi Kazakh National University
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absorbing layer thickness of 1 cm. The dependence of the
optical density of the chitosan solution with concentration of
1:102 base mol/L on a wavelength in the range of 200-800 nm in
10 nm increments was obtained. The maximum optical density
corresponded to a wavelength of 210nm. Then, at this
wavelength, a concentration dependence of the optical density
of chitosan was obtained. Range of polymer concentration from
10 base mol/L to 10 base mol/L was used. For analysis, the
linear range of the curve was used.

FTIR-spectroscopy studies were performed using the
Fourier-transform infrared spectrometer Avatar 370-Csl
(Thermo Nicolet, USA) in tablets with KBr. For this, the samples
of thermal-acid-activated zeolite, chitosan powder, and zeolite
treated with 1-102base mol/L concentration solution of
chitosan were used. Each of them was individually pressed with
KBr at the ratio 2:250 (mg/mg). Studies were conducted in the
frequency range from 400 to 4000 cm™.

KBr with quality “pure for analysis” (ChemPlus, Russia) was
used during FTIR analysis for the preparation of tablets. Dried
sample of KBr was used.

The wetting angle was determined by applying water
droplets to the powder of zeolite samples modified with chito-
san solution with concentration from 0.1:10?to 1.0-10° base
mol/L, and drawing the tangents to the images of droplets.

3. Results and discussion

There are two large zeolite deposits in Kazakhstan:
Tayzhuzgen (East Kazakhstan Region) and Chankanay (Almaty
Region). The zeolites of the Chankanay deposit are smaller than
the Tayzhuzgen ones. In addition, the latter contain quartz in
their composition, which compicates their grinding. Thermal-
acid treatment improves the quality of clay sorbents, however,
it significantly changes their composition. It was found that
thermal-acid treatment of the Chankanay deposit zeolite results
in the decrease of the amount of Ca, Al, Ti, Mn and Sr in the

composition of the mineral, and the decrease in the content of
Ca, Al and Sris particularly observable (Figure 1, Table 1). The Ca
contentin the initial sample decreased from 8.9 wt% to 1.8 wt%
after treatment; the Sr content decreased from 2.1 wt% to
0.5 wt%. In the case of Al, a decrease of content from 24.3 to
16.6 wt% was observed. At the same time, there is a significant
increase in the amount of silicon and iron. This change in the
composition of zeolite indicates that Ca, Mn, and Sr compounds
in the composition of the mineral are presented as impurities,
which can be easily removed by thermal-acid treatment. The
decrease of Al content can be explained by specific
decomposition of mineral structure. An increase in the amount
of Si and Fe can be associated with an increase in their specific
contribution to the mass of zeolite upon dissolution of other
elements. It also follows from these data that Ca, Al, Ti, Mn and
Srions play the role of exchange cations, and atoms of Si and Fe,
being the main components of the crystal lattice of the mineral,
will play a decisive role in the adsorption of other substances on
the zeolite surface.

Table 1 — Effect of thermal-acid activation on the composition
of the zeolite

30 +
25 | * Experimental data
—Freundlich
20 - —Langmuir
2 15 -
[sT4]
€
< 10 -
5 .
0 T
0 2

Base Mass content, %
elements Natural zeolite Thermal-acid activated zeolite
K 4.7 5.0
Ca 8.9 1.8
Si 18.4 29.1
Fe 40.0 45.8
Al 243 16.6
Ti 11 0.9
Mn 0.5 0.3
Sr 21 0.5
4 6 8

C, base mmol/L

Figure 1 — Adsorption isotherm of chitosan on the surface of thermal-acid activated zeolite, T=25°C
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Figure 2 — FTIR spectrum of thermal-acid activated zeolite (1), chitosan (2) and zeolite-chitosan system (3)

Studies on the surface modification of zeolite particles
after thermal-acid treatment were aimed at determining the
optimal concentration of the modifying agent (Figure 1). The
isotherm of chitosan adsorption on zeolite has the form of a
rising curve. The data of adsorption were described using
Langmuir and Freundlich models [14]. To do this, Langmuir’s
equation was transformed into the straight-line equation:

(1)

The intercept was equal to m , and the slope was
equal to 1/A
on the surface of zeolite according to Langmuir model was
30.1 mg/g, which is close to the values of adsorption of low-
molecular surfactants on the surface of clays [15]. To calculate
the Freundlich constants, the adsorption data A=KF-Cl/" were
represented graphically as a function of IgA=f(lgC). The
intercept was equal to /gK,, and the slope was equal to 1/n. The
value of constant K, indicates the adsorption capacity of
adsorbent, and 1/n indicates the affinity of the adsorbed
substance to the adsorbent, i.e. the intensity of interaction of
an adsorbate-adsorbent. If the value of 1/n is in the range
of 0.6-0.8, the adsorbent is considered favorable for
adsorption [16,17]. In the case of chitosan adsorption on zeolite,
1/n was equal to 0.75 meaning that it is within this interval.

The value of maximum adsorption of chitosan

max®

The adsorption isotherms constructed using Langmuir and
Freundlich constants coincide with the isotherms obtained
from experimental data. The values of the determination
coefficient R? were 0.98 for the Langmuir model and 0.99 for the
Freundlich model (Table2). It follows that both models
satisfactorily describe the process of adsorption of chitosan on
the zeolite surface.

FTIR-spectroscopic studies were conducted to obtain
information on the mechanism of zeolite-chitosan interaction.
The data of FTIR-spectroscopic measurements of zeolite before
and after chitosan modification are shown in Figure 2. In the
case of the initial zeolite, the greatest adsorption bands were
recorded at the frequencies of vibration of 3435 cm™?, 2488 cm?,
1635 cm™, 1024 cm™, 856 cm™ and 581 cm™. Fluctuations in the
range from 1600 to 3600 cm™ can be caused by deformation
vibrations of OH-groups of water molecules and SiOH-groups of
mineral. The peak at 1024 cm™ can be provided with deformation
vibrations of Si-O-Si groups, and the peak at 581 cm™ is due to
the presence of Si-O-Si and Al-O-Si groups in the zeolite [18,21].

In the FTIR-spectrum of chitosan, the peak at 3432 cm?
can be due to OH-groups of water molecules. In addition, it can
be attributed to the NH,-groups of the polymer. The adsorption
band at 2881 cmcan be attributed to the vibrations of C-H
bonds of the hydrocarbon chains of chitosan, and band
at 1632 cm™ is caused by NH.- groups. The wide adsorption
band at the 1067 cmfrequency can be explained by the skeletal
vibrations of the C-O groups [19,20].

Table 2 — The comparison of models of chitosan adsorption on the surface of zeolite

Temperature, Langmuir model Freundlich model
System oc ; ;
K, L/mg A, mg/g R 1/n K., mg/g R
Zeolite-chitosan 25 0.18 30.1 0.98 0.75 4.18 0.99
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Figure 3 — Effect of chitosan concentration on the wetting of zeolite particles surface

In the FTIR-spectrum of the modified zeolite, all
characteristic bands of the initial zeolite were observed (Figure
3). Some shifts to the higher frequencies of the peak at 1638 cm™?
can be explained by the contribution of amino groups adsorbed
on the surface of the mineral. The shift to the left of the peak at
581 cm?, typical for aluminosilicate groups, is also evidence of
their interaction with chitosan. Vibrations at 856 c¢cm™ and
921 cm™ can be assigned to Si-O-Si bonds [21, 22].

Based on the FTIR-spectroscopy data it can be assumed
that the adsorption of chitosan on the zeolite surface takes
place due to the electrostatic interaction of amino groups
of the polymer with the silicate and aluminosilicate groups of
the zeolite, stabilized by hydrogen bonds between the OH,
NH,-groups of chitosan and the oxygen atoms of the silicate
groups.

Studies of the wettability of the surface of mineral particles
were also conducted to confirm the fact of modification of the
zeolite surface with chitosan solution (Figure 3). Water droplets
instantly spread on the surface of the initial mineral with a

wetting angle of 10°. After modification, there is a sharp increase
in the wetting angle due to the adsorption of macromolecules
of the cationic polymer on the zeolite surface. At concentration
of 2103 base-mol/L, the contact angle increased to 47°. When
changing the polymer concentration from 4:10°to 1-10? base-
mol/L, the contact angle values were within 60° indicating the
high hydrophilicity of the zeolite surface [23]. The hydrophilicity
of the mineral surface covered with the polymer can be caused
by the presence of OH-groups along the macromolecules of
chitosan. In addition, some of the polymer amino groups can
remain free, without participating in electrostatic interaction
with the zeolite surface. Such phenomenon takes place in the
case of excessive amount of polymer in the system in relation to
the solid surface. In fact, electron micrographs of zeolite after
modification show a tendency to increase the particle size
(Figure 4), which can result from the flocculating action of the
adsorbed polymer. Thus, the polymer adsorption leads to a
recharge of the surface or change of the charge from negative
to positive.

Figure 4 — Electron microscopic images of the thermal-acid activated zeolite before (a)
and after modification (b) by chitosan (x 30000)
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4. Conclusions

Thus, using the adsorption of chitosan on the surface of
thermal acid-activated zeolite, the modification of its surface
was conducted. It was shown that the surface modification
leads to a change of the negative charge of the mineral to
positive. The main forces responsible for the adsorption of
chitosan are electrostatic interactions and hydrogen bonds.

In order to increase the adsorption capacity of the zeolite,
thermal-acid activation has been proposed. Modification of
thermal-acidactivated zeolite surface with a negative charge by
adsorption of cationic polymer chitosan conducted, and the
maximum adsorption of chitosan on the zeolite surface was
found to be 30.1 mg/g. Modification was proved using FTIR
analysis. It was found that the modification of the surface leads
to change of negative charge of the mineral to a positive. Shift
of the frequencies from 1635 cm™ to 1638 cm™ is the evidence
of presence of positive charged amino groups of the zeolite
surface. Changing of the peak at 581 cm?, characterizing
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aluminosilicate groups, is also evidence of their interaction
with chitosan.

The main forces responsible for the adsorption of chitosan
on the zeolite surface are electrostatic interactions and
hydrogen bonds. Studies of the wettability of the surface of
mineral particles showed that the contact angle was increasing
with the increase of concentration of the polymer and the
maintenance of the high hydrophilicity of the surface
of zeolite.

These results can be used for sorbents preparation in
sewage treatment, for the development of effective biocatalysts
and biosorbents in biotechnology, for targeted changing of built
materials hydrophilicity in construction.
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3,4-Disubstituted pyrrolidinesulfonamides were synthesized and screened for their
antimicrobial activity. Title compounds were established as potent antibacterial and antifungal
agents. Noteworthy antimicrobial activity was found for the title compounds against the tested
microorganisms. They exhibit comparable results with standard drugs. Besides the invitro
antimicrobial activity, the synthesized compounds were evaluated for their in silico inhibitory
activity on active site of B-glucosidase enzyme. Insilico studies were done by GOLD docking
method against B-glucosidase 3VKK (PDB Id). In silico studies were conducted to evaluate the
ability of synthesized compounds to inhibit the B-glucosidase enzyme. The results revealed that
3,4-disubstitutedpyrrolidinesulfonamides are the potent B-glucosidase inhibitors by binding at
the active site. A sensible inhibition against B-glucosidases was observed for the compound with
13,4-oxadizole ring has higher B-glucosidase inhibition activity than the other compounds. The
free energy of binding and inhibition constant (K) of the docked compounds were evaluated and
presented.

Keywords: pyrrolidinesulfonamides; synthesis; in silico studies; B-glucosidase; antimicrobial
activity.
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ymbicta 3,4-anmacTbipbiifaH  NUPPONMAUHCYNbGOHAMUATEPI CUHTE3AeNai KaHe
onapfablH, MUKpobTapfa Kapcbl besceHainiri Tekcepinai. byn KocbinbicTap 6akTepusnapfa
KapCbl XXoHEe aHTUDYHIMLUATI KYLWTi areHTTep eKeHAiri aHbiKkTanabl. KocblnbicTapablH anblHFaH
MWKPOOPraHM3MAaepre Kapcbl Xofapbl benceHainiri aHbikTanabl. Onap cTaHAapTThl AdpinepmeH
CaNbICTbIPbINATLIH HATUXKeNepAi KepceTedi. In vitro aHTUMUKPOBTLIK 6enceHainirimeH katap,
onapAablH, B-rnoKkosnaasa GepmeHTiHiH, 6esiceHai opHbiHa in silico nHIMbuTopbiK 6enceHainiri
6afanaHapl. In silico 3eptreynepai GOLD KoHAbIpy a4ici apKbiibl B-ratokosuaasara 3VKK (PDB
Id) Kapcbl Kkyprisingi. Insilico 3epTTeynep cuHTe3AeNreH KOCbIAbICTapAblH, B-ratoko3ugasa
bepmeHTiH nHrMbupney KabineTin 6afanay ywiH xyprisingi. Hoatuxkenep 3,4-anmacTblipbliifaH
nupponuanHcynbpoHammuaTep  GepMeHTTiH  aKTUBTI  opbiHAApbiHAA  6HalinaHbicaTbiH
B-rntoKko3naasaHblH, KyLWTi MHIMBUTOpPAapbl eKeHiH KepceTTi. 13,4-0Kcagm3on cakuHachl 6ap
KOCbINIbIC YWiH B-rAoKo3ugasanapablH, anTapabikTah uHrmbupneyi 6aikangbl, on 6acka
KOCbINIbICTapfa KapafaHAa P-rnokosnpasafa KaTbiCTbl MHIMOBUpAeY Kofapbl HenceHpinirii
KepceTeai. ymbicTa KocbinbicTapabiH, 60c 6ainaHbICTbIPyLWbl 3HEPTUACHI MEH UHIMBUpney
TypakTbinbiKTapsl (K) 6arananapl.

TyiliH  ce3gep: nuppoanauHcynbboHamuaTepi; silico
B-rntoko3naasa; aHTUMUKPOBTBIK BenceHainik.
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B paboTe cuHTe3MpoBaHbl 3,4-AM3aMelleHHble  nuppoanauHcynbdoHammuabl ¢
nocneaytowein nNpoBepKoW MX aHTUMUKPOOHOW aKTMBHOCTWU. YCTAaHOBNEHO, YTO [JaHHble
COeAUHEHUA ABNAIOTCA CUIbHBIMW aHTMBAKTepManbHbIMU U NPOTUBOTPUBKOBLIMKU areHTamMu.
O6HapyKeHa BblCOKaA aHTUMWKPOBHAA aKTUBHOCTb AAHHbIX COEAMHEHWUIN NPOTMB BbIBPaAHHbIX
MMWKPOOPraHmM3moB. OHM MNOKa3bIBAlOT CONOCTaBMMble pe3ynbTaTbl CO CTAaHAAPTHbIMU
npenapatamu. [NOMMMO aHTUMUKPOBHOW aKTUBHOCTW in Vitro, oLEeHUBANN UX UHIMBUPYIOLLYIO
aKTMBHOCTb insilico Ha aKTMBHOM y4yacTke ¢epmeHTa B-raoKkosngasbl. WMccneposaHus
in silico npoBoaAWnM MeToAOM CTbiIKOBKM GOLD npotus B-ratokosmaassl 3VKK (PDB Id).
Uccneposanusa in silico npoBoAnAKN ANA OLEHKM CNOCOBHOCTH CUHTE3UPOBAHHbIX COeAUHEeHNI
MHTM6UpoBaTh GepmeHT B-raKo3npasy. PesynbraTbl nokasanu, 4To 3,4-AM3aMeLlleHHble
NUPPONUANHCYIbOHAMUABI  ABAAIOTCA  MOLWHbIMM  MHTMBUTOpamu  B-rnoKosnaassl,
CBA3bIBAACb B aKTMBHOM LeHTpe. 3ameTHoe uHrubuposaHue P-rnoko3maas Habawoganochb
Ans coepguHeHus ¢ 13,4-oKcaam30/bHbIM KONbLOM, KOTOopoe o6nagaet 6osiee BbICOKOWM
aKTUBHOCTbIO MHIMBMpPOBaHUA B-rNtOKO3MAasbl, Yem Apyrue coeauHeHusa. B pabote Takxke
oueHeHbl CBOBOAHbIE IHEPTrUM CBA3bIBAHUA M KOHCTaHTbI MHIMBUpoBaHuA (K) npucoeanHeHHbIX
coeAUHEHUN.

KnioueBble cnoBa: nuppoanguHcyibboHamuabl; in silico;
B-rntoko3naasa; aHTUMUKPOOHaA aKTUBHOCTb.

CUHTE3; wuccnenoBaHuA
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1. Introduction

In the field of medicinal chemistry, chiral 3,4-disubstituted
pyrrolidines derived from tartaric acid are widely used. Most of
these pyrrolidine rings are found in biological compounds as
their frameworks. These frameworks were successfully mutated
into receptor molecules, amino-sugar derivatives as glycosidase
inhibitors as well as sugar simulate in nucleoside analog. Besides
kinases, pyrrolidines are also suitable substitutes for inhibitor
design to recognize the specificity pockets of the corresponding
enzymes in proteases [1,2]. Proline based pyrrolidines are used
as drug candidates in the treatment of hepatitis C [3]. The solid-
phase construction of a guanidine based bis-cyclic pyrrolidine
exhibited marked bactericidal activity against known human
pathogens, it may represent a newfangled category of
antimicrobial therapeutics [4]. Pyrrolidineoxadiazole and
pyrrolidine thiadiazole derivatives are useful in the treatment
and prevention of oxytocin mediated disease states like preterm
labor, premature birth and dysmenorrheal because of their
markable oxytocin receptor antagonist activity [5], pyrrolidine
and piperidine as antidiabetic agents [6].

Sulfonamides are promising antibacterial/antibiotic
agentsforover several years. In addition to their commercialized
utilization as  antibacterial/antibiotic  agents, several
sulfonamides are reported to inhibit enzymes such as carbonic
anhydrase [7], cysteine protease [8], HIV protease [9] and cyclo-
oxygenase [10]. Besides these potential applications, various
other therapeutic applications, in cancer chemotherapy [11],
diuretics [12], hypoglycemia[13] and the anti-impotence
agent [14] and in metabolic syndrome treatment [15] are also
reported for sulfonamides.

Glucosidases catalyze the cleavage of glycosidic bonds in
oligosaccharides or glycoconjugates. The arrangement of

hydroxyl groups in a sugar molecule influences the enzymatic
actionof severalglucosidases. Accordingly, a-and B-glucosidases
are able to catalyze the cleavage of glycosidic bonds bearing
terminal glucose linked at the site of cleavage, respectively,
through a- or B-linkages at the anomeric center [16]. The
activity of glucosidases is fundamental to several biochemical
operations like degradations of diet polysaccharides to furnish
monosaccharide units, lysosomal glycoconjugate catabolism
and glycoprotein processing and biosynthesis of oligosaccharide
unitsin glycoproteins or glycolipids [17]. These multidimensional
biochemical activities of glucosidases cater to the needs for
developing new and potential therapeutic inhibitors to be used
in diabetes [18], obesity [17], glycosphingolipid lysosomal storage
disease [19], HIV infections [20] and tumors in general [21].

Considering the vitality of pyrrolidine and sulfonamides in
view, a new series of N,N’-(pyrrolidine-3,4-diyl)sulfonamide
derivatives containing 1,3,4-oxadiazole/azetidinone/thiazoli-
dinone were synthesized and examined for their antimicrobial
activity and inhibitory activity against human B-glucosidase
enzyme.

2. Experiment

2.1 Materials and Methods

All chemicals and reagents were procured from Merck
India Ltd. X-6 digital display binocular microscope (uncorrected)
was used to determine the melting points. Nicolet nexus 470
FT-IR spectrometer (USA) using deploying KBr crystal or KBr
plate was used to record the IR spectra of the synthesized
compounds. *H NMR (400 MHz) and *C NMR (75 MHz) spectra
were recorded on a Bruker Avance (Switzerland) spectrometer.
The elemental analysis was carried on Vario Micro Cube
Elementar (Germany) instrument. The reaction progress was

© 2019 Al-Farabi Kazakh National University
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monitored by TLC with a mixture of cyclohexane and
ethylacetate (9:1) as an elutent. A 300 mesh silica gel was used
to perform flash column chromatography. The yields were
calculated by the last step reaction.

The standard bacterial and fungal strains were procured
from National Centre for Cell Science (Pune, India). The
antimicrobial activity was expressed in terms of minimum
inhibitory concentration (MIC). The MIC was found by the agar
cup plate method for antibacterial activity and disc diffusion
method for antifungal activity. Streptomycin and clotrimazole
were used as standards (20 ug/mL) for antibacterial studies and
antifungal studies respectively.

2.2 Docking method

A genetic algorithm (GA) based software namely GOLD
(Genetic Optimization of Ligand Docking, Cambridge
Crystallographic Data Centre, Cambridge, UK) was used to carry
out the docking studies. GOLD version 3.0.1 program was used
to perform the molecular docking method for studying the
binding affinities of synthesized molecules into the active site of
the B-glucosidase protein. The location and measurement of
the protein pockets and cavities were done automatically by a
program named CASTP server (Cambridge Crystallographic
Data Centre, Cambridge, UK), which is used for active site
identification [22].

2.3 General Procedures

2.3.1 Synthesis of  ethyl 2-((3S,4S)-3,4-bis(N-
cyclopropylthiophene-2-sulfonamido)pyrrolidin-1-yl)acetate (2)

To the solution of ethyl 2-((3S,4S)-3,4-bis(thiophene-2-
sulfonamido)pyrrolidin-1-yl)acetate (1) (1.3g, 2.71 mmol) in
acetonitrile (12 mL), potassium carbonate (1.39 g, 10.03 mmol),
cyclopropyl bromide (0.33 g, 2.71 mmol) and few crystals of KI
were added and refluxed for 20 h. The residue obtained after
the removal of the solvent was poured into water under reduced
pressure and extracted with CH,Cl, (3x10 mL). The combined
organic layer was dried over anhydrous Na,SO,. A crude solid
was obtained on filtration and concentration of the organic
layer under reduced pressure, which was then purified by
column chromatography using 60-120 mesh silica gel as an
adsorbent and dichloromethane and methanol (10:1) mixture
as an eluent [23,24]. The spectral and physical characterization
data of compound 2 are shown in Table 1.

2.3.2 Synthesis of N,N’-((3S,4S)-1-(2-hydrazinyl-2-oxoethyl)
pyrrolidine-3,4-diyl)bis(N-cyclopropylthiophene-2-sulfonamide)
3)

A solution of compound 2 (1.1 g, 1.9 mmol) and hydrazine
hydrate in ethanol (85%, 3.8 mmol) was refluxed for 5 h. The
crude product obtained on evaporation of the reaction mixture
under reduced pressure was purified by recrystallization from
the proper absolute alcohol. The spectral and physical
characterization data of compound 3 are shown in Table 1.

2.3.3  Synthesis of N,N’-((3S,4S)-1-((5-phenyl-1,3,4-
oxadiazol-2-yl)methyl)pyrrolidine-3,4-diyl)bis(N-cyclopropyl!
thiophene-2-sulfonamide) (4a)

A mixture of benzoic acid (0.122g, 1.0 mmol) and
compound-3 (0.55 g, 1.0 mmol) in phosphoryl chloride (5 mL)

was refluxed over a steam bath for 5-6 h. The cooled reaction
mixture was poured on to crushed ice (~300 g) under continuous
stirring. The separated solid mass was neutralized using sodium
bicarbonate solution (10% w/v), collected by filtration, washed
with cold water and dried in vacuum. The resulting solid thus
obtained was recrystallized from absolute ethanol (95%) to
obtain the desired product 4a.

Compounds 4b-4f were prepared from compound 3 and
the appropriate 4-substituted benzoic acid by using a procedure
similar to that described for the synthesis of 4a.

The IR (KBr) spectrum of compound 4a showed
peaks (cm?) around 3135 (Ar-H), 1645 & 1232 (characteristic
peaks for oxadiazole), 1322 & 1182 (asymmetric & symmetric
stretching of 0=5=0), 1140 & 1125 (C-N exo) respectively. The
'H NMR (400 MHz, ®ppm) spectrum exhibits the signals 8.02-
7.62 (m, 5H, Ar-H), 7.59-7.17 (m, 6H, thiophene), 3.64 (s, 2H,
N-CH_-), 3.28 (m, 2H, -SO,-N-CH-), 3.07 (m, 2H, H_ protons of
pyrrolidine), 2.69 (m, 2H, cyclopropyl C-H attached to N), 2.28
(m, 2H, H, protons of pyrrolidine), 0.51&0.39(m, 8H, -CH, of
cyclopropane). The *C NMR (75 MHz, ®ppm) spectrum has the
peaks at 144.4 & 131.8 (thiophene), 170.4 & 162.9 (oxadiazole),
116.4, 142.7, 128.8 & 131.3 (Ar). The spectral and physical
characterization data of compounds 4a-4f are shown in Table 1.

2.3.4 General procedure for the synthesis of N,N’-((3S,45)-
1-(2-((E)-2-(4-substitutedbenzylidene hydrazinyl)-2-oxoethyl)
pyrrolidine-3,4-diyl)bis(N-cyclopropylthiophene-2-sulfonamide)
(5a-f)

To an equimolar methanolic solution of compound 3 (0.83 g,
1.52 mmol) and benzaldehyde (0.16 g, 1.52 mmol) mixture, few
drops of glacial acetic acid were added. The mixture was then
refluxed on a water bath for 5 h, allowed to cool, poured into
crushed ice and filtered. 60-120 mesh silica gel and cyclohexane-
ethylacetate (9:1) solvent mixture as an eluent were used to
purify the crude mass by column chromatography.

Compounds 5b-5f were prepared from compound-3 and
the appropriate 4-substituted benzaldehyde by using a
procedure similar to that described for the synthesis of 5a.

2.3.5 Synthesis of 2-((3S,4S)-3,4-bis(N-
cyclopropylthiophene-2-sulfonamido)pyrrolidin-1-yl)-N-(3-
chloro-2-oxo-4-phenylazetidin-1-yl)acetamide (6a)

A solution of 5a (0.64 g, 1.0 mmol) in dioxane (8 mL) was
added to a well stirred mixture of chloroacetylchloride (0.24 g,
2.0 mmol) and triethylamine (0.2 g, 2.0 mmol) in dioxane (10 mL)
at 0-5°C. The reaction mixture was then stirred for 8 h, kept at
room temperature for 2 days and then washed with cold water.
The obtained solid was filtered, washed with water and
recrystallized from methanol to yield the desired product 6a.

Compounds 6b-6f were prepared from 5a by using a
procedure adopted for the synthesis of 6a.

The IR (KBr) spectrum of compound 6a showed peaks (cm™?)
around 3490 (N-H), 3135 (Ar-H), 1689 (C=0 of azitidinone), 1322
& 1182 (asymmetric and symmetric stretching), 1215(C-N of
azitidinone), 810 (C-Cl). The *H NMR (400 MHz, ®ppm) spectrum
exhibits the signals 9.35 (s, 1H, -CO-NH), 7.65-7.25 (m, 6H,
thiophene), 7.47-7.32(m, 5H, Ar-H), 5.51 (d, 1H, CI-C-H of
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azetidine), 3.97 (d, 1H, C-H of azetidine), 3.21 (s, 2H, N-CH,-),
3.52(m, 2H, -SO2-N-CH-), 3.16 (m, 2H, H_ protons of pyrrolidine),
2.69 (m, 2H, cyclopropyl C-H attached to N), 2.18 (m, 2H, H,
protons of pyrrolidine), 0.51&0.26 (m, 8H, -CH_- of cyclopropyl
ring). The *C NMR (75 MHz, ®ppm) spectrum has the peaks at
144.4 & 131.8 (thiophene), 142.7, 128.1, 129.2 & 130.3 (phenyl).
The spectral and physical characterization data of compounds
6a-6f are shown in Table 1.

2.3.6 Synthesis of 2-((3S,4S)-3,4-bis(N-
cyclopropylthiophene-2-sulfonamido)pyrrolidin-1-yl)-N-(4-oxo-
2-(4-substituted)phenylthiazolidin-3-yl)acetamide (7a)

A mixture of 5a (0.64 g, 1.0 mmol) and mercaptoacetic
acid (0.18 g, 2.0 mmol) was heated in an oil bath at 120-125°C
for 12 h, cooled and treated with 10% sodium bicarbonate
solution. The product was isolated and recrystallized from
methanol-dioxane (4:1) mixture to give the desired compound.
Compounds 7b-7f were prepared from 7a by using a procedure
similar to that described for the synthesis of 7a.

The IR (KBr) spectrum of compound 7a showed peaks

(cm™)around 3482 (N-H), 3135 (Ar-H), 1712 (C=0 of thiazolidine),
1322 & 1182 (asymmetric and symmetric stretching), 1215 (C-N
of thiazolidine). The *H NMR (300 MHz, ppm) spectrum shows
the signals at 8.38, 1H, -CO-NH), 7.65-7.15 (m, 6H, thiophene),
7.36-7.23 (m, 5H, Ar-H), 6.14 (s, 1H, thiazolidine-N-CH-S-), 4.25
(m, 2H, -SO,-N-CH-), 3.79 (s, 2H, -CO-CH-S- of thiazolidine), 3.31
(s, 2H, N-CH,-), 3.10 (m, 2H, H, protons of pyrrolidine), 3.24 (m,
2H, cyclopropyl C-H attached to N), 2.88 (m, 2H, H, protons of
pyrrolidine), 0.51&0.26 (m, 8H, -CH,- of cyclopropyl ring. The *C
NMR (75 MHz, ®ppm) spectrum has the peaks at 144.4 &131.8
(thiophene), 140.7, 127.1, 128.2 & 129.3 (phenyl). The spectral
and physical characterization data of compounds 7a-f are
shown in Table 1.

3. Results and discussion
The strategy starts with the synthesis of starting material

ethyl  2-((3S,4S)-3,4-bis(thiophene-2-sulfonamido)pyrrolidin-1-
yl)acetate (1) from L-tartaric acid as shown in Figure 1 [25,26].
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(i) (i) (iii) (iv)
HO HO
HO HO
OH S
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i) o EN-CHQCOOEt )
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N-CH,COOEt —&) g

pN CH,COOEt
H
gt
0% EN-CHZCOOEt
s %\N\\\“
\ O H

Reagents & Conditions: (i) Benzylamine, xylene, 190°C, 8h; (ii) I, NaBH,, THF, r.t; (iii) Pd/C/H,,
MeOH, r.t.; (iv) Boc,0, NaHCOs3, dioxane, r.t., 2h; EtOAc (v) MsCl, EtzN, DCM (vi) CF3COOH, H,0;
(vii) CICH3;COOC,H5, K,COj5 (viii) NaN3, DMF (ix) Pd/C/H,, EtOAC; (x) RSO,CI, Py, reflux, 2h

Figure 1 — Synthesis of ethyl-3,4-bis(thiophene-2-sulfonamido)pyrrolidinylacetate
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Initially ethyl 2-((3S,4S)-3,4-bis(thiophene-2-sulfonamido)
pyrrolidin-1-yl)acetate (1) was alkylated with cyclopropyl
bromide to get N-alkylated sulfonamide (2). This on treatment
with hydrazine produces respective hydrazide (3), which on
reaction with substituted benzoic acid in presence of POCI,
gives 1,3,4-oxadiazole derivatives (4a-f). Again, the hydrazide (3)
on treatment with substituted aldehydes gives benzylidene
derivative (5a-f), which on reaction with chloroacetylchloride
and mercaptoacetic acid produces azitidinones (6a-f) and
thiazolidinones (7a-f) respectively. The synthesis of target
compounds is depicted in Figure 2.

, Gtk
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The compound 1 undergoes N-alkylation at sulfonamide
group and further on treatment with hydrazine produces
hydrazide (3). This hydrazide can be converted to
1,3,4-oxadiazole (4a-f) and substituted benzylidene hydrazinyl
derivatives (5a-f) on reaction with substituted benzoic acid in
the presence of POCI, and substituted benzaldehyde
respectively. Finally, the cyclization of the compounds 5a-f
takes place in presence of chloroacetylchloride and
mercaptoacetic acid to produce azetidinone derivatives (6a-f)
and thiazolidinone derivatives (7a-f) respectively.
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Comp 4al/5a/6al7f 4b/5b/6b/7f 4ci5c/6ciTf 7f 4e/Sel6e/Tf 4f/5/6fITE
R -H -CH3 -OCH3 -Cl -Br -NO2

Reagents & Conditions: (i) acetonitrile, potassium carbonate, cyclopropyl bromide, KiI, reflux, 20h; (ii) ) Hydrazine
hydrate, ethanol, reflux, 5h; (iii) 4-substituted benzoic acid, phosphoryl chloride, reflux, 5-8h; (iv) 4-substituted
benzaldehyde, Glacial aceticacid, reflux, 4-8h; (v) chloroacetylchloride, triethylamine, dioxane, 0-5°C, 8h; (vi)
Mercaptoaceticacid, 120-125°C, 12h

Figure 2 — Synthesis of pyrrolidine-3,4-disubstitutedsulfonamides containing 1,3,4-oxadiazole,
azetidinone and thiazolidinone

3.1 Antimicrobial studies

The antibacterial activities of titled compounds, 4a-f, 6a-f
and 7a-f have been conducted against gram positive
Staphylococcus aureus, Bacillus subtilis, and gram negative
Escherichia coli, Proteus vulgaris. The compounds belonging to
6a-f series are highly active against gram-positive and gram-
negative bacteria showing the broad spectra of antibacterial
activity. The activity of the rest of the compounds was found
moderate to low against the tested microorganisms. This was
expected because of the presence of B-lactum ring in the 6a-f

ISSN 1563-0331
elSSN 2312-7554

series. The antibacterial activity of the tested compounds is
shown in Table 2.

The antifungal activities of the series 4a-f, 6a-f and 7a-f
were tested against Asperigillusflavus and Candida albicans.
The compounds 7a-f exhibit privileged activity among the
tested compounds and the others were found either moderately
active or slightly active. 1,3,4-Oxadizole possessing pyrrolidine-
3,4-diyl sulfonamide derivative bearing thiazolidin-4-one
moiety (4f) showed moderate activity. The test results are
presented in Table 2.
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Table 2 — Antimicrobial activity

Zone of inhibition (mm)*

Antibacterial activity

Antifungal activity

Comp
(20 pg/m) Gm + ve Gm -ve Asperigillus Candida
S. aureus B. subtilis E. coli P. vulgaris flavus albicans
4a 13 16 18 23 15 16
4b 14 15 16 19 13 15
4c 11 14 17 21 18 14
4d 18 19 22 25 16 19
4e 15 17 20 26 17 17
af 19 21 23 29 20 21
6a 14 13 20 25 17 15
6b 16 14 24 20 15 13
6c 14 18 23 27 14 17
6d 18 17 19 21 18 16
6e 17 19 17 22 19 18
6f 20 21 25 29 23 21
7a 13 16 12 22 18 17
7b 15 14 14 25 16 19
7c 11 19 13 22 17 21
7d 17 17 16 23 19 22
7e 15 20 14 21 21 20
7f 18 21 19 27 23 24
Streptomycin 22 24 28 32 -- -
Clotrimazole - - - - 25-30 25-30

* indicate diameter of inhibition in mm.

3.2 In silico studies

It was already evident that B-glucosidase and related
proteins are prime controllers of apoptosis or programmed cell
death concerned with human disease including diabetes.
N-substituted pyrrolidines exhibit glycosidase inhibitory
activity [27,28]. The synthesized compounds were screened for
antidiabetic activity by choosing human B-glucosidase as the
target protein. In a view to assessing the potential of the
synthesized compounds for the f-glucosidase inhibitory
activity, they were docked into the active site of the receptor
(3VKK).

GOLD Scoreis aresult of force field based scoring functions
of protein-ligand hydrogen bond energy S(hb_ext), protein-
ligand van der Waals energy S (vdw_ext), ligand internal van
der Waals energy S(hb_int), ligand intramolecular hydrogen
bond energy S(vdw_int). The total fitness score was computed
by multiplying the external vdw score with 1.375, an empirical
correction to encourage the hydrophobic protein-ligand
contact. Ligand binding positions were predicted by optimizing
the fitness function:

GOLD Score =S (hb_ext) + S (vdw_ext) + S (hb_int) +
+S (vdw_int)

It was evident that the docking results show the amino
acid residues Tyr 18, Arg 98, Val 145, Glu 152, Gly 101 of the
enzyme were involved in hydrogen bonding interaction with the
top poses of compounds. The inhibitory interactions translate
into therapeutic efficiency to be established by traditional
clinical studies. The B-glucosidase inhibitory activity of the
model compounds from series 4, 6 and 7 in terms of GOLD Score
fitness and bonding interactions were shown in Table 3.

The title compounds under investigation exhibited
remarkable inhibitory action against B-glucosidases. The fitness
score of 44.99 indicated that the presence of 1,3,4-oxadiazole
containing pyrrolidine sulfonamides exhibit higher inhibitory
activity against B-glucosidase.

The negative binding energy values represent the highest
potential for the binding sites of the target protein to the title
compounds. The low k values either in the micromolar or in
nanomolar ranges of the title compounds are direct evidence
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Table 3 — B-glucosidase inhibitory activity and hydrogen bonding interactions of compounds 4f, 6f and 7f

Atoms
Comp G Ar R Number of Bond Igngth Fitness
hydrogen bonds Protein Comp (A°)
Val 145 027 2.226
Glu 152 039 2.052
N=— s
af o) C.H,NO, 5 Tyr 18 N9 1.485 44.99
N ‘
/ Tyr 18 07 2.513
r Gly 101 07 2.652
0
Tyr 18 019 2.217
6f s 3 Tyr 21 019 2.225 37.12
—N cl CH,NO,
‘ / Arg 98 026 2.310
.

Val 148 027 1.598

O
7f CH,NO S 2 17.32
o2 ‘ Arg 98 010 1.986
—N\( /
r

for their high affinity interaction for the protein under Table 4 —Docking results and pharmacophore analysis of model
investigation. The details are given in Table 4. The docking  compounds
conformations of 4f, 6f and 7f are shown in Figures 3-5 and

represent the active site of the B-glucosidase protein. Parameter af 6f 7f
Free energy of Binding (kcal/mol) -9.22 -8.24 -7.92
Inhibition constant k at 298.15 K 835.12 712.10 691.12
nM nM nM
Total Intermolecular Energy -11.23 -9.21 -10.12
(kcal/mol)
vdW + Hbond + desolv Energy -12.12 -11.11 -12.02
(kcal/mol)
GPCR ligand -0.07 -0.69 0.03
lon channel modulator -0.69 -1.56 -0.82
Kinase inhibitor -0.49 -1.06 -0.46
Nuclear receptor ligand -0.79 -0.59 -1.10
Protease inhibitor 0.39 0.42 -0.22
Enzyme inhibitor -0.25 -1.21 -0.21
miLogP -0.212 2.108 2.624
Figure 3 — Docking result of compound 4f Clogp -2.16 1.09 -0.51
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Figure 4 — Docking result of compound 6f

4. Conclusions

Title compounds were established as potent antibacterial
and antifungal active by exhibiting comparable results with
standard drugs. A series of 3,4-disubstitutedpyrrolidine
sulfonamide compounds were synthesized. The compounds
exhibit moderate inhibition against the R-glucosidases enzyme.
The  3,4-disubstitutedpyrrolidinesulfonamides  containing
1,3,4-oxadiazole moiety is a higher potent R-glucosidase
inhibitor than that of azetidinone and thiazolidinone moieties.
Structure activity relation (SAR) proved that the inhibition
activity against B-glucosidase was favored by the introduction
of thiophensulfonyl group at the 3 & 4 positions and a five
membered oxadiazole ring at the N1 position of the pyrrolidine

References (GOST)

Figure 5 — Docking result of compound 7f

ring. These SAR results are in good compatible with docking
studies.
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