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Hanecenue 20M02eHHbIX KAMAIUZAMOPOS - COCOUHEHUTL NEPEXOOHBIX MEMAI08 — HA OP-
2anuyecKue noaumepsvl umeem 00160l uHmMepec cpedu uccnedosamenei. Hauodonee ucuepnoi-
earouuil ananus 6 Imoil ooaacmu ovin onyoauxosean 6 1983 2, 20e noopoono paccmampueanucsy
pezynomamot 1217 pabom, u 3mo yucno nocmoanno pacmem. I'emepozennvie Kamaauzamopl
Yyacmo ciyxcam o4eHs 007120, UX 1e2KO OMOEIUNb 0Nl PeazeHmo8 u RPOOYKH 06 PeaKyull U MOMCHO
MHO2OKPAMHO UCho1b308amb. I'omozennolii kamanuzamop Ha 2emepoeHHOM Hocumeie Oeli-
cmeyem mak, KaK eciiu 0bl OH HAXO0UICA 8 pacmeope, 00HAKO 00HOBPEMEHHO OH NPEOCHAsAAen
€00011 omoenvHyo HenoosudicHyio gpazy. Ucxooa u3 evluiecKazannozo, 6 Imoil padome Mol HONbI-
Manucy UCno1b306amb XUMO3AH 6 Kauecmee Hocumelell 0711 UOHO8 08YX6A/1eHHHbIX Memalilo8,
6 uacmHocmu pmymu, 3apanee 3Has, Ymo Xumo3aH A61AAenca Xo0POouUM JTuzaH00M 0713 nepexoo-
HbIX Memannos. Humepec K Xumo3anam ceéa3an ¢ ux yHUKAIbHbIMU (YU3U0102UHEeCKUMU U IKOT10-
2UYEeCKUMU COLICMEAMU, MAKUMU KAK OUOCOBMECMUMOCHLb, OUO00ECMPYKUUA U XeIAMUPYIOULa
cnocoonocms. Onucan Ighghekmusnvlii U RPOCMON CROCOO BUHUTUPOBAHUS A307108 8 NPUCYHI-
Cmeuu HAHECeHHOU Ha XUMO3AH 2eMepPOeHHOll KamalumuiecKoil cucmemsl ayemama
pmymu(ll). B pezynomame 6110 CUHME3UPOBAHO HECKOTILKO NPOOYKHIO6 C bICOKUMU GbIXO0AMU.
Pazpabomannas memoouxka npocma 6 UCHOSIHEHUU, MPedyem MEeHbULe20 KOIUYeCnea Kamaiusa-
mopa, cokpaujaem epems peaxKyuu, UCKarouaem o0pa3oeanue noOOUHbIX RPOOYKMOo8 u odecneyu-
eaem Ooiee 8bICOKUE CENEKMUBHbBIE 8bIXO0bl GUHUIUPOBAHHBIX RPOOYKMOo6. Kpome mozo, moscno
U3671eKamv Kamanuzamop u3 peaKyuoHHol cmMecu U HO6MOPHO UCHONb308AMb IMY KAMAIUMU-
Yeckyro cucmemy 6o.1ee uemplpex paz. Imo no3eoJiaem ymMeHbuUms 3azpA3HEeHUEe CHOYHBIX 600
UOHAMU PMYMU.
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BHUHHJIALICTAT

CHITOSAN-SUPPORTED MERCURY (1) ACETATE AS A CATALYST
FOR TRANSVINYLATION REACTIONS OF AZOLES

A.G. Aleksanyan, M.A. Aghekyan, R.M. Hakobyan, A.G. Shahkhatuni, A.A. Shahkhatuni, H.S. Attaryan

Astghik A. Shahkhatuni (Orcid 0000-0003-1848-5256)*, Ashkharuhi G. Aleksanyan (Orcid 0000-0003-3974-
478X), Movses A. Aghekyan (Orcid 0000-0001-7525-0758), Robert M. Hakobyan (Orcid 0000-0002-4318-3172),
Aleksan G. Shahkhatuni (Orcid 0000-0002-2506-1091), Hovhannes S. Attaryan (Orcid 0000-0001-9790-2577)

Scientific Technological Center of Organic and Pharmaceutical Chemistry, National Academy of Sciences,
Azatutyan ave., 26, Yerevan, 0014, Armenia
E-mail: astriksh@gmail.com*

ChemChemTech. 2024. V. 67.N 3 119



A.I'. AnekcaHsH u 1Ip.

The application of homogeneous catalysts - transition metal complexes - on organic poly-
mers is of a great interest among researchers. Heterogeneous catalysts often have a long life span
and are easy to separate from the reactants and reaction products, and they can also be reused. A
homogeneous catalyst on a heterogeneous support acts as if it were in solution, but simultaneously
it is a separate stationary phase. In this study we tried to use chitosan as a carrier for metal ions
(particularly mercury(ll), knowing in advance that chitosan is a good ligand for transition metals).
Interest in chitosan is associated with their unique physiological and environmental properties,
such as biocompatibility, biodegradation, and chelating ability. Here, an efficient and easy method
of vinylation of azoles in the presence of chitosan-supported mercury(l1) acetate heterogenous cat-
alytic system is reported. As a result, several products were synthesized in high yields. The developed
procedure is easy to perform, requires less amount of catalyst, shortens reaction time, excludes the
formation of side products, and provides higher selective yields of vinylated products, reduces water
contamination with mercury salts. Furthermore, it is possible to recover the catalyst from the reac-

tion mixture and recycle this catalytic system more than four times.

Key words: vinylation, azoles, polymer-supported catalyst, chitosan, vinyl acetate
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INTRODUCTION

Many biologically active compounds contain
five-membered heterocyclic systems. Pyrazoles are
known for their wide range of applications, especially
in medicinal chemistry [1-4]. Chemosensors contain-
ing a pyrazole are currently known, which are used to
obtain qualitative or quantitative data of a number of
molecules or ions [3]. Imidazole and triazole rings are
also important fragments in other compounds with var-
ious applications [5, 6].

The vinylation of azoles to obtain N-vinyla-
zoles opens new fields for applications. These vinyl-
ated compounds are monomers of various widely used
synthetic polymers [7, 8] and can be found in many bi-
ologically active compounds [9, 10]. Moreover, copol-
ymers of N-vinylazoles can be used as anionic mem-
branes [11-14].

There are two main mechanisms (radical and
cationic) for polymerization of N-vinylazoles products
[15-17]. The different methods for synthesis of N-vi-
nylazoles are known [18-35].

For vinylation of heterocycles with two and
more nitrogen atoms, the mercury (1) acetate is usually
used as a catalyst in the presence of an acid [36, 37].
The main problem with these methods is use of mer-
cury, which is considered dangerous for ecology and
contaminates water.
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Therefore, the optimization of vinylation reac-
tion and the development of a safe and eco-friendly
method is highly demanded. Polymer-supported sys-
tems are used in various fields, for example, analytical
and synthetic chemistry, and in material science as well
[38-40]. The use of catalysts on the polymeric carrier
has important significance for applications. It enables
to increase reaction yields and makes the catalyst recy-
clable, which allows to avoid the additional waste of
catalyst and to reduce its ecological risks. There are
many studies based on different catalysts synthesized
on the polymeric carriers, and they are used in many
important reactions, such as Heck, Sonogashira, Bigi-
nelli, and others [41-46].

Chitosan is a D-glucosamine natural polymer,
which is obtained from the deacetylation of chitin [47].
There is a large spectrum of applications of chitosan in
material science, medicinal chemistry and other fields
[48-51]. It is also widely used as a catalyst in organic
synthesis. In the last decades, many catalysts were cre-
ated, based on metal complexation with chitosan and
its modificated derivatives [52, 53]. Chitosan and its
modificated derivatives are effective organocatalysts
for Knoevenagel, Michael, aldol condensation, and
other reactions [54-58]. Many works are known where
the adsorption of mercury by different chitosan deriva-
tives for different purposes has been investigated [59, 60].
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EXPERIMENTAL PART

General Information

IR spectroscopy analysis was performed via
“Nicolet Avatar 330 FT-IR” spectrometer. TG analysis
was performed via “STA 449 F3 Jupiter” analyzer. TG
analysis spectrum and IR spectrum of ChHg complex
can be found in Supporting Information. Reactions
were mointored by TLC and GC, yields were detected
via “GC/MS Bruker EM 640”. *H and **C NMR spec-
tra were recorded by “Varian Mercury 300” and
“Bruker Avance Neo 400 spectrometers (300, 400
and 75, 125 MHz) in DMSO-ds/CCls (1/3) or CDCls.
Spectra were processed by Mestre Nova. *H and **C
NMR spectra of all obtained compounds are collected
in Supporting Information.

Synthesis of ChHg complex. To a flask, con-
taining 30 ml of toluene, 7.4 g of high molecular weight
chitosan (degree of deacetylation 90%) and 10 g of mer-
cury oxide, 30 ml acetic acid was added. The mixture
was stirred and refluxed for 2 h. Reaction mixture was
filtered and washed several times with benzene. Ob-
tained ChHg complex 25.4 g (yellowish powder was
dried under vacuum), in which amount of Hg(OAc)-
is 72%.

Vinylation Reactions (The general preparation
procedure for 3a-m). 1 mmol of corresponding azole
(1a-k), was dissolved in 1 ml of vinyl acetate (2). Then,
24 mg (72% Hg(OAc)2) of ChHg catalyst was added,
after that 4ul of TFA (CFsCOOH) or H,SO. was dis-
solved, and then hydroquinone was added and reaction
mixture was stirred at 70 °C for 1-3 h and cooled to
room temperature. The catalyst was collected by filtra-
tion. On the filtrate 80 mg of sodium carbonate and
40 pl of water were added, and the mixture was left to
neutralize overnight. Afterwards solid was filtrated and
excess of vinyl acetate was removed from the reaction
mixture to obtain crude product. The residue was puri-
fied by flash chromatography (EA:hexanes as eluent).

3(5)-methyl-4-nitro-1-vinyl-1H-pyrazole (3d)
White crystals, 92% yield, m. p. 33 °C, b. p. 119-121 °C
(3 mm Hg), mixture of 2 isomers (9:1). *H NMR (400
MHz, DMSO-ds/CCl, 1/3): 8.88 (0.9H, s, =CH), 8.10
(0.1H, s,= CH), 7.20 (0.1H, dd, J; = 15.0, J, = 8.7, -
CH=CHy), 7.09 (0.9H, dd, J. = 15.6, J, = 8.7, -
CH=CHy), 5.87 (0.1H, d, J = 15.0, =CHj, trans), 5.80
(0.9H, dd, J; =15.6, J, = 0.6, =CH,, trans), 5.13 (0.1H,
d, J=8.7,=CHj, cis), 5.01 (0.9H, dd, J. = 8.6, J, = 0.6,
=CH,, cis), 2.70 (0.3H, s, CH3) 2.49 (2.7H, s, CHs). *C
NMR (100 MHz, DMSO-ds/CCl4 1/3): 145.4, 136.5
(=CH), 133.6, 131.7 (=CH), 129.5 (=CH), 128.8
(=CH), 105.5 (=CH,), 103.2 (=CH>), 12.8 (CHs), 9.7
(CHs). Found, %: C 47.12; H 4.42; N 27.48. CsH7N3O-.
Calculated, %: C 47.06; H 4.61; N 27.44.
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4-chloro-3(5)-methyl-1-vinyl-1H-pyrazole
(3e) Colorless liquid, 83% yield, ng?° = 1.5220, b. p.
52 °C (1 mm Hg), mixture of 2 isomers (2,3:1). 'H
NMR (400 MHz, DMSO-de/CCl4 1/3): 7.90 (0.7H, s,
=CH), 7.41 (0.3H, s, =CH), 7.03 (0.3H, dd, J1 = 15.2,
J>,=8.8,-CH=CHy), 6.95 (0.7H, dd, J; = 15.7, J, = 8.9,
-CH=CH,), 5.65 (0.3H, d, J = 15.2, =CH,, trans), 5.46
(0.7H, d, J = 15.7, =CHj, trans), 4.86 (0.3H, d, J = 8.8,
=CH,, cis), 4.72 (0.7H, d, J = 8.9, =CH,, cis), 2.25
(0.9H, s, CH3) 2.21 (2.1H, s, CHs). **C NMR (100
MHz, DMSO-d¢/CCls 1/3): 14550 137.3 (=CH),
134.2, 132.4 (=CH), 129.6 (=CH), 125.7 (=CH), 110.0
(=CH), 108.8 (=CH), 100.8 (=CHy), 98.2 (=CH>), 10.4
(CHs), 8.1 (CHs). Found, %: C 50.58; H 4.51; Cl 24.89;
N 19.67. C¢H;CIN,. Calculated, %: C 50.54; H 4.95;
Cl, 24.86; N 19.65.

4-bromo-3(5)-methyl-1-vinyl-1H-pyrazole (3f)
Colorless liquid, 76% yield, n#**= 1.5550, b. p. 70-73 °C
(1 mm Hg), mixture of 2 isomers (1:1). *H NMR
(400 MHz, DMSO-ds/CCl4 1/3): 7.93 (0.5H, s, CH),
7.44 (0.5H, s, CH), 7.05 (0.5H, dd, J; = 15.2, J, = 8.9,
-CH=CHy), 6.97 (0.5H, dd, J, = 15.7, J, = 8.9, -
CH=CHy), 5.65 (0.5H, dd, J; = 15.2, J, = 1.0, =CHa,
trans), 5.48 (0.5H, dd, J; =15.7, J, = 1.0, =CH_, trans),
4.85 (0.5H, d, J = 8.9, =CH_, cis), 4.75 (0.5H, d, J =
8.9, =CH,, cis), 2.33 (1.5H, s, CH3) 2.214 (1.5H, s,
CHs). **C NMR (100 MHz, DMSO-de¢/CCls 1/3):
147.5, 139.3 (=CH), 136.0, 133.0 (=CH), 129.6 (=CH),
128.1 (=CH), 101.0 (=CHy)., 98.4 (=CH), 94.9 (=CH),
93.1 (=CH), 11.3 (CHs), 9.0 (CHs3). Found, %: C 38.59;
H 3.88; Br, 42.83; N, 14.99. CsH-BrN,. Calculated, %:
C 38.53; H 3.77; Br 42.72; N 14.98.

4-lodo-3(5)-methyl-1-vinyl-1H-pyrazole (3g)
Colorless liquid, 68% yield, ni?°= 1.6220, b. p. 89-92 °C
(1 mm Hg), mixture of 2 isomers (9:1). *H NMR
(400 MHz, CDCls): 7.59 (0.9H, s, CH), 7.54 (0.1H, s,
CH), 6.97 (0.1H, dd, J; = 15.3, J; = 8.8, =CH-), 6.92
(0.9H, dd, J; = 15.7, J, = 8.9, -CH=CHy), 5.72 (0.1H,
d,J=15.3, =CH, trans), 5.43 (0.9H, d, J = 15.7, =CH,,
trans), 4.89 (0.1H, d, J = 8.8, =CH, cis), 4.79 (0.9H, d,
J =8.9, =CHj, cis), 2.36 (0.3H, s, CH3), 2.29 (2.7H, s,
CHs). **C NMR (100 MHz, CDCl3): 152.8, 145.0,
132.8 (=CH), 132.7 (=CH), 130.1 (=CH), 102.6
(=CHy), 99.7 (=CHy), 96.5 (=CH), 62.6, 61.8, 14.0
(CHs), 11.7 (CHs). Found, %: C 30.81; H 3.1; |1 54.42;
N 11.98. CsH7IN,. Calculated, %: C 30.79; H 3.01; |
54.22; N 11.97.

Methyl 4-nitro-1-vinyl-1H-pyrazole-3(5)-car-
boxylate (3I) White crystals, 82% yield, m. p. 86-89 °C,
mixture of 2 isomers (3:1). ‘H NMR (400 MHz,
DMSO-ds/CCls 1/3): 9.22 (0.25H, s, =CH), 8.25
(0.35H, s, =CH), 7.31 (0.75H, ddd, J: = 15.1, J, = 8.7,
Js = 0.4, -CH=CH), 7.24 (0.25H, dd, J; = 15.5, J, =
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8.7, -CH=CH,), 5.99 (0.75H, dd, J; = 15.1, J, = 0.8,
=CHjy, trans), 5.97 (0.25H, dd, J:. = 15.5, J, = 1.5,
=CHj, trans), 5.27 (0.75H, dd, J: = 8.7, J> = 0.8, =CHa,
cis), 5.19 (0.25H, d, J = 8.7; 1.6, =CH,, cis), 4.03
(2.25H, s, CH3), 3.95 (0.75H, s, CH3). *C NMR (100
MHz, DMSO-d¢/CCls 1/3): 159.7 (C=0), 157.4
(C=0), 138.6, 135.8 (=CH), 134.4 (=CH), 133.7,
131.8, 129.6 (=CH), 107.3 (=CH), 105.4 (=CH), 53.4
(CHs), 52.2 (CHs). Found, %: C 45.11; H 5.24;
N 19.78. CgH1:N304. Calculated, %: C 45.07; H 5.20;
N 19.71.

Methyl 5-nitro-1-vinyl-1H-pyrazole-3-carbox-
ylate (3m) White crystals, 86% yield, m. p. 102-104 °C.
'H NMR (400 MHz, DMSO-ds/CCl4 1/3): 8.04 (1H,
dd, J. = 15.3, J, = 8.6, -CH=CH,), 7.48 (1H, s, =CH),
6.09 (1H, d, J = 15.3, =CHj, trans), 5.3 (1H, d, J = 8.6,
=CH,, cis), 3.95 (3H, s, CH3). *C NMR (100 MHz,
DMSO-ds/CCl4 1/3): 157.5 (C=0), 154.4, 133.2, 130.1
(=CH), 107.4 (=CH), 107.2 (=CH), 52.4 (CHjy).
Found, %: C 42.71; H 3.60; N 21.35. C7H;N304. Cal-
culated, %: C 42.65; H 3.58; N 21.31.

RESULTS AND DISCUSSION

Here we suggest to use chitosan-supported
mercury(ll) catalyst to ensure the reuse of catalyst.

In this study we have synthesized a new chi-
tosan-mercury complex. Mercuric oxide was immo-
bilized on chitosan in the presence of acetic acid
(Scheme 1).

HO
0, HO NH,
(0] o
IQO NH, o)
HO n

Chitosan (Ch)

HgO, AcOH HO

@ =Hg(OAc),

Chitosan-Mercury
complex (ChHg)

Scheme 1. Synthesis of chitosan-mercury complex
Cxema 1. CHHTE3 KOMILIEKCAa XUTO3aH-PTYTh

Inclusion of mercury acetate to the chitosan
was monitored by the FTIR spectroscopy. Spectra of
chitosan, mercury acetate and resulting complex are
presented in Fig. 1. The immobilization of mercury ac-
etate on the chitosan can be clearly seen on the spectrum
of the complex through absorptions of C=0 (1537 cm?)
bond of acetate anion, as well as Hg-O (617 cm™) and
Hg-N (684 cm™) bonds.

Synthesized chitosan-supported mercury(ll)
catalyst was used for vinylation reactions of azoles
with vinyl acetate as a vinyl source in the presence
of diferent acids (CFsCOOH (TFA) and H,SO.)
(Scheme 2).
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Fig. 1. Comparison of FTIR spectra of chitosan (green), mer-
cury(ll) acetate (red) and synthesized complex (blue)
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Scheme 2
Cxema 2

Yields of obtained vinylazoles with ChHg cat-
alyst in the presence of acid are shown in Table.

Table
Obtained compounds with corresponding yields
Tabnuya. IlonyyeHHbIE COeTMHEHNS C COOTBETCTBYIO-
UMM BbBIXOAAMH

Me O,N Me
Me / \\
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/ N N N N
Me™ N N K N
N N N
3a 3b 3c 3d
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Cl_ Me Br. Me I Me N
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0|0 & '
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3e 3f 39 3h
83% 76% 68% 75%
CO,M
O AT o
N N, N | N A
NK I\L N MeO,C™ °N N
N N”
XN N N
< NN
3i 3j 3k-1 and 3k-2 3l
65% 60% 84% 82%
CO,Me
A
N
3m
65%
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1-vinyl-3(5)-methyl-4-nitropyrazole (3d) was
obtained in high yield. The main reason is the higher
acidic nature of this compound due to electron-with-
drawing effect of nitro- group. Results show that for
the series of pyrazoles the reaction yields (temperature
70 °C) decrease when we introduce donor groups,
whereas the yields increase when we use acceptor
groups (Fig. 2).
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Fig. 2. The curves of vinylation kinetics for (a) 1 - pyrazole (3c),
2 - 3(5)-methylpyrazole (3b), 3 - 3,5-dimethylpyrazole (3a),
(b) 4 - 4-chloro-3(5)-methylpyrazole (3e), 5 - 4-bromo-3(5)-

methylpyrazole (3f) and 6 - 4-iodo-3,5-dimethylpyrazole (3g)

Puc. 2. Kpusble kuHeTHKY BuHUMpoBanus (2) 1 - nupasomna (3c),

2 - 3(5)-mermmupasoia (3b), 3 - 3,5-qumernimnupasona (3a),

(b) 4 - 4-x510p-3(5)-Metrnnupasona (3€), 5 - 4-6pom-3(5)-meTwi-

nupazona (3f) u 6 - 4-iion-3,5-mumernmupasona (39)

The effects of substituent for the series of py-
razoles on the reaction kinetics and the product yields
were also studied. The various factors affecting the re-
action were studied by GC-analysis. We compared the
kinetics of vinylation of pyrazole (3c), 3(5)-methylpy-
razole (3b) and 3,5-dimethylpyrazole (3a) (Fig. 2a).
Results show that donation and steric effects of methyl
groups decrease reaction yield. Then the study was per-
formed by changing halogen substituents in the 4" po-
sition of pyrazole ring (Fig. 2b). The results imply that
the vinylation of 4-chloro-3(5)-methylpyrazole (3e) un-
dergoes easier compared to 4-bromo-3(5)-methylpyra-
zole (3f) and 4-iodo-3,5-dimethylpyrazole (3g). Thus,
the nature of halogen substituent is an important factor
for the Kkinetics of vinylation.
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Reaction of other azoles (1h and 1i) with vinyl
acetate in the presence of ChHg with sulfuric acid usu-
ally leads to obtaining besides vinylated product also
addition products (4h and 4i). Thus, for example, when
we move from pyrazoles to imidazoles and triazoles
together with vinylation products we obtain addition
products (adducts) (Scheme 3, 4).

When instead of sulfuric acid the TFA is used,
vinylated products of imidazoles and triazoles are ob-
tained chemoselectively. During of vinylation of 3(5)-
methylpyrazole the mixture of two isomers with differ-
ent ratios (3Me:5Me with prevalence of 3Me isomer)
is obtained due to tautomerization of 3(5)-substituted
pyrazoles [61, 62].
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Methyl 1H-pyrazole-3-carboxylate (1k) vinyl-
ation products 3k-1 and 3k-2 can be isolated by vac-
uum distillation since their boiling points are varying in a
wide temperature range. The reason behind is the in-
tramolecular hydrogen bond [63] in 3k-2, which de-
creases boiling point of 3k-2 compared with 3k-1.
Therefore, we isolated those isomers and identified
their structure by 2D NMR spectroscopy. In the case of
vinylation of methyl 3,5-nitro-1H-pyrazole-3-carbox-
ylate (1m) only one isomer (methyl 5-nitro-1-vinyl-
1H-pyrazole-3-carboxylate, 3m) was obtained. This
isomer was also isolated and the structure was identi-
fied by 2D NMR spectroscopy. In particular, in *H-*N
HMBC spectra one of the nitrogen atoms of the pyra-
zole ring has cross peaks with all the protons of the vi-
nyl group and the pyrazole proton, while the second
nitrogen atom has cross peaks with only the a-proton
of the vinyl group. The downfield shift of the *H signal
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of the a-proton of the vinyl group also verifies the
structure of this isomer. Probably the observed high re-
gioselective vinylation occurs due to strong coordina-
tion of nitro group to mercury [64, 65].

The reuse of catalyst was studied on an exam-
ple of vinylation of 3(5)-methyl-4-nitropyrazole (19g).

Experiment shows that Ch Hg catalyst can be
reused more than four times in the presence of acid and
the difference in product yields of the 4" and 1% reac-
tions is 15% (Fig. 4).
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Fig. 3. Recycling of ChHg
Puc. 3. IToBTopHOE Mcnons3oBanne ChHg

CONCLUSION

Isolated yield, %

Thus, we have successfully developed new
method of vinylation of azoles with catalytic system
based on chitosan and mercury(ll) acetate with hetero-
genous nature, which allows to use it more than four
times and develop practical protocol for industry. Var-
ious azoles were vinylated under the same conditions.
For certain azoles, the formation of addition products
was excluded. The proposed method reduces wastes
of mercury(ll) and its ecological damages and de-
creases reaction time and waste of catalyst. However,
despite reducing water contamination with mercury
salts, currently this method does not solve the prob-
lem completely.
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