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Abstract. A number of S-esters of 4-R-aminobenzene-
thiosulfonic acids were synthesized via alkylation of the
sodium salt of 4-acetylaminobenzenethiosulfonic acid with
various alkylating agents and acylation of the correspond-
ing esters of 4-aminobenzenethiosulfonic acid with
methacryloyl chloride. For obtaining S-methyl 4-(acetyla-
mino)benzenesulfonothioate, it was developed a synthetic
technique corresponding to the basic principles of “green
chemistry”. The degree of compound cytotoxicity was
measured by determining A-549 cell growth using colori-
metric method. The antibacterial activity of the thiosul-
fonates was determined by the agar diffusion test and the
antiviral action by their cytopathic effect at TCIDs, value.
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1. Introduction

Successes in the viral infections treatment are not
progressive due to the peculiarities of the biology of viruses
and viral infections compared to bacterial ones. Nowadays,
antiviral drugs are not able to destruct viruses, are rarely
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effective in both treating viral diseases and reducing their
symptoms and mortality. A successful solution to the prob-
lem is significantly complicated by microbial infections
against the background of weakened immunity. Thus, pa-
tients with COVID-19 often suffer from bacterial and fun-
gal infections, in particular mucormycosis and aspergillosis,
which complicate the treatment of the virus itself.' There-
fore, the search for new drugs with both high antiviral and
antimicrobial activity is an urgent task.

In recent years, much attention in the field has been
paid to the study of organosulfur compounds (Fig. 1). They
are widely used in various fields, especially compounds
(2-4) containing the -S-S- disulfide bonds.>’

Compounds with the disulfide bonds are also found
in some natural sources, in particular in plants of the genus
Allium* and cauliflower.”
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Fig. 1. General formulas of organosulfur compounds

Oxidized disulfide derivatives — thiosulfonates (3)
and thiosulfinates (4) — are applied as pharmaceuticals and
agrochemicals (Fig. 2).

So, thiosulfonates (3) contain one sulfur atom with
oxidation state +II (SR,) and another sulfur atom with
oxidation state +VI (R1SO;), whereas thiosulfinates (4)
have one sulfur atom with oxidation state +II (SR,) and
another sulfur atom with oxidation state +IV (R1SO). This
determines their ability to react with both nucleophiles
and electrophiles. As a result, they behave like “chame-
leons” and are synthetically very powerful sulfenylating
and sulfonylating reagents. The similarity of the reactivity,
due to content in breaking the —S-S bond, allows us to
make certain analogies compared to the biological proper-
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ties of these compounds. Mampuys et al. developed meth-
ods for preparation of thiosulfonates and thiosulfinates of
various structures.’
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Fig. 2. Examples of disulfide derivatives in pharmacy
and agrochemistry

The most promising initial substances (substrates)
for the discovery of new drugs for treating various diseases
are natural products, especially those that people consume.
Such products are expected to cause the least harm to the
body due to side effects. However, achieving the desired
therapeutic effect by simple consumption of useful products
is problematic as it requires the addition of large quantities
to food. Based on this, it would be easier to isolate a sub-
stance that gives the desired biological effect from natural
raw materials and use it for the treatment of diseases. In the
search for natural substances with antimicrobial and antivi-
ral activities, such compounds were isolated from plants of
the genus Allium.°

The healing properties of Allium plant extracts have
been known for a long time and are used in phytotherapy
due to their broad spectrum of action including antibacte-
rial, antifungal, antiviral, antitumor, antioxidant, antidia-
betic, and hypotensive properties.”°

The most studied thiosulfonate isolated from plants
of the genus Allium is propylpropanethiosulfonate (PTSO),
which is the carrier of the smell of freshly cut plants and
has valuable physiologically active properties (antimicro-
bial, antioxidant, metabolic, probiotic, anti-inflammatory,
and antitumor ones).
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PTSO is a volatile substance and this complicates its
wide practical applications. In this regard, the search for its
synthetic analogues by modifying substituents both on the
side of sulfonyl and sulfide sulfur is of great interest.'’ An
additional argument for the perspective of the new biologi-
cally active substances among thiosulfonates search is their
low toxicity and wide spectrum of biological activity (an-
timicrobial, antioxidant, antithrombotic, antitumor, etc.).lz’
*! 1t has been shown that some synthetic thiosulfonates have
antiviral activity, in particular against the influenza virus
and SARS-CoV-2 due to thiol-mediated absorption.”

The mechanism of the action of these compounds is
not precisely established. Nevertheless, they exhibit several
properties that may affect the microbial metabolism such as
inhibition of acetyl-CoA synthetases,” decrease of glu-
tathione levels,” and inhibition of RNA polymerase.”
Herpes simplex viruses (HSV) cause prolonged latent infec-
tions, with terms of recurrent viral replicas, skin lesions
around mouth, eyes, and genital mucosa.”® The frequency
of HSV-2 infection, a main source of genital herpes, re-
cently increased and contributes to the risk of sexually
transmitted HIV.*” Though infections may be subclinical,
HSV can elicit symptoms of various degree, mainly in
immunocompromised patients, such as elderly, transplant
and acquired immune deficiency syndrome subjects as well
as patients experiencing severe ?rlmary illnesses and fre-
quent symptomatic recurrences.” Since the prospects to
find effective drugs among thiosulfonates are promising, in
this work a number of S-esters of 4-R-aminobenzene-
thiosulfonic acid was synthesized and their antimicrobial
actions against herpes simplex viruses HSV-1 and HSV-2
and several bacterial strains, were investigated.

2. Materials and Methods

2.1. Chemistry
2.1.1. Synthesis of Title Compounds

Methods of preparation and characteristics of so-
dium 4-acetamidobenzenesulfonothioate and A1-A3 for
biological research were presented in previous works.”"

All melting points were determined in open capil-
lary tubes and then were uncorrected. The '"H NMR and
BC NMR spectra were recorded on a 400 MHz Ul-
trashield Bruker in DMSO-d6; the chemical shifts were
measured and tetramethylsilane was used as a standard.
LC-MS (liquid chromatography—mass spectrometry) spec-
tra were recorded on Agilent 110\DAD\HSD\VLG 119562,
ionization by electrospray at the atmospheric pressure
(70 eV). Elemental analysis was performed on the Perki-
nElmer CHN-Analyzer series 2400. IR spectra were re-
corded on a FTIR spectrometer (Nexus from Thermo
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Nicolet, USA). The reactions and individuality of com-

pounds were monitored by the TLC method on plates
“Silufol UV 254”.

2.1.2. S-Methyl 4-
(Acetylamino)benzenesulfonothioate
Al (’Green Method”)

2.5¢g (0.01 mol) of the sodium salt of 4-
acetylaminobenzenethiosulfonic acid was dissolved in
2 mL of water and 1.23 mL (0.013 mol) of dimethyl sul-
fate was added. The flask was placed in an ultrasonic bath,
where the mixture of reagents was exposed to ultrasound
irradiation at room temperature for a specified period of
time (~5 h). Then the mixture was diluted with cold water.
The precipitate of the target product was filtered, washed
with water, dried, and recrystallized from benzene. Yield
was 75 %.

2.1.3. General Procedure of Acylation
of Methyl, Ethyl, and Allyl 4-
Aminobenzenethiosulfoacid S-Esters by
Methacryloyl Chloride

Methacryloyl chloride (0.033 mol) was added to an
S-ester of 4-aminobenzenethiosulfoacid (0.025 mol) in
dioxane (20 mL) containing pyridine (3 mL) at 273 K, and
the mixture was stirred for 15 min. Next, the reaction
mixture was poured under stirring into ice water. The
residue was filtered, washed with water, dried, and recrys-
tallized from benzene.

2.1.4. Characteristics of S-(1-Methylethyl)-4-
(methacrylamido)benzenesulfonothioate M5

Yield 72.3 %, mp 385-386 K. IR (KBr, cm™):
1132, 1316 (SO,); 1588 (Ar); 1624 (C=C); 1644 (NH),
1670 (C=0), 3232 (NH). 'H NMR (400 MHz, DMSO-dy)
S, ppm: 10.49 (s, 1H, NH), 8.09 (d, /= 9.6 Hz, 2H, ArH),
7.79 (d, J = 9.5 Hz, 2H, ArH), 5.50 (s, 1H, CH, methac-
ryl.), 5.41 (s, 1H, CH; methacryl.), 3.13 (sp, J = 6.7 Hz,
1H, CH iPr), 2.05 (s, 3H, CH;3 methacryl), 1.32 (d, /= 6.5
Hz, 6H, 2CH; iPr). "C NMR (126 MHz, DMSO-d) 3,
ppm: 169.13 (C=0), 143.81 (C, Ar), 136.62 (C, Ar),
128.58 (2CH, Ar), 120.42 (CH, methacryl), 116.31 (2CH,
Ar), 39.21 (CH iPr), 23.17 (2CHj; iPr), 22.29 (CH;3 meth-
acryl). Anal. caled for C;3H7NO3S, C 51.16; H 5.68; N
4.68; S 21.4; found: C 51.32; H 5.46; N 4.83; S 21.180.
MS (ET) m/z 299.06 [M+1].

2.1.5. Characteristics of S-(2-Methylpropyl)-4-
methacrylamidobenzenesulfonothioate M6

Yield 69.1 %, mp 368-369 K. IR (KBr, cm™):
1130, 1314 (SOy); 1596 (Ar); 1622 (C=C), 1638 (NH);
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1676 (C=0); 3248(NH)."H NMR (400 MHz, DMSO-dy)
8, ppm: 10.51 (s, 1H, NH), 8.07 (d, J = 9.6 Hz, 2H, ArH),
7.69 (d, J = 9.5 Hz, 2H, ArH), 5.58 (s, 1H, CH, methac-
ryl.), 5.49 (s, 1H, CH; methacryl.), 2.32 (d, J = 6.7 Hz,
2H, CH, iBu), 2.08 (s, 3H, CH;3 methacryl), 1.94 — 1.84
(m, 1H, CH iBu), 0.97 (d, J = 6.6 Hz, 6H, 2CH; iBu). °C
NMR (126 MHz, DMSO-dg) 8, ppm: 168.91 (C=0),
143.61 (C, Ar), 135.11 (C, Ar), 127.02 (2CH, Ar), 118.92
(CH, methacryl), 117.24 (2CH, Ar), 42.13 (CH, iBu),
27.92 (CH iBu), 22.98 (2CH; iBu), 22.41 (CH; methac-
ryl). Anal. caled for Ci4H9NO;S, C 53.55; H 6.06; N
4.47; S 20.44, found: C 53.70; H 6.33; N 4.64; S 20.18.
MS (EI) m/z 313.08 [M+1].

2.1.6. Charateristics of S-Allyl-4-
methacrylamidobenzenesulfonothioate M7

Yield 76 %, mp 388 K. IR (KBr, cm™): 1138, 1316
(S0O,); 1582 (Ar); 1624 (C=C); 1630 (NH); 1670 (C=0);
3232 (NH). 'H NMR (400 MHz, DMSO-ds) 8, ppm:
10.46 (s, 1H, NH), 7.85 (s, 4H, ArH), 5.67 (dd, J = 15.5,
7.7 Hz, 1H, allyl), 5.51 (s, 1H, CH; methacryl.), 5.43 (s,
1H, CH; methacryl.), 5.19 (d, J = 16.7 Hz, 1H, allyl), 5.05
(d, J=9.4 Hz, 1H, allyl), 3.42 (br.s, 2H, CH; allyl), 2.10
(s, 3H, CH; methacryl).”C NMR (126 MHz, DMSO-dq)
8, ppm: 169.25 (C=0), 144.30 (C, Ar), 137.66 (C, Ar),
131.39 (CH allyl), 128.21 (2CH, Ar), 119.61 (CH, meth-
acryl), 118.74 (2CH, Ar), 38.27 (CH, allyl), 24.18 (CHj3
methacryl). Anal. caled for Ci3H;sNO;S,: C 52.51; H
5.04; N 4.71; S 21.54; found: C 52.33; H 5.22; N 4.58; S
21.34. MS (EI) mv/z 297.05 [M+1].

2.2. Biology
2.2.1. Reagents

4-Acetamidobenzenesulfonyl chloride, dimethyl sul-
fate, 1-bromo-2-chloroethane, and other alkyl bromides
were obtained from Merck (Germany), sodium sulfide -
9H,0 were purchased from PE Sistema Optimum, Lviv
Ukraine. RPMI-1640 medium was derived from Biowest
(Nuaillé, France). Fetal calf serum (FCS) was from Hy-
Clone (Pittsburgh, PA, USA). L-glutamine, penicillin,
streptomycin, and MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide) were delivered by Sigma-
Aldrich (St. Louis, MO, USA). Cidofovir was purchased
from Cayman Chemical (MI, USA) and Acyclovir was
obtained from Merck (Germany). The following culture
media were used: nutrient broth, nutrient agar, and 0.9 %
NaCl. The media were purchased from the Institute of Im-
munology and Experimental Therapy (Wroclaw, Poland).

2.2.2. Cell Lines

A-549: A human lung adenocarcinoma cell line
(ATCC CCL 185) was derived from the collection of cell
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lines of the Institute of Immunology and Experimental
Therapy (Wroclaw, Poland). The cells were cultured in
RPMI-1640 medium with 100 U/mL penicillin and
100 pg/mL streptomycin, 2 mM L-glutamine and 10 %
fetal calf serum.

2.2.3. Viruses

Human Herpes simplex virus type-1 (HSV-1),
MaclIntyre strain;, ATTC VR-539™ and Human Herpes
simplex virus type-2 (HSV-2), MS strain; ATTC VR-
540™; Herpesviridae, DNA enveloped virus were a prop-
erty of the Laboratory of Virology, Institute of Immunol-
ogy and Experimental Therapy. A-549 cell line is rou-
tinely used as an efficient, practical, and economical cell
system for the evaluation of the replication of these virus
types.”' The viruses were expanded and titrated in A-549
cells. The titer of the viruses was determined with refer-
ence to the TCIDs (tissue culture infectious dose) value,
based on the cytopathic effect (CPE) caused by this virus
in about 50 % of infected cells.

2.2.4. Bacteria

The experiments were performed on strains stored
in the Polish Collection of Microorganisms (PCM),
(Wroctaw, Poland): Escherichia coli PCM 2057, gram-
negative Pseudomonas aeruginosa PCM 2058, and gram-
positive Staphylococcus aureus PCM 2054. The following
culture media were used: nutrient broth, Muller-Hinton
agar, and 0.9 % NaCl. The media were manufactured at
the Institute of Immunology and Experimental Therapy
(Wroclaw, Poland).

2.3. Methods
2.3.1. Cell Toxicity Test

The cytotoxicity of the compounds was established
by measuring the quality of growth and morphology of
human lung epithelial A-549 cells (criteria of toxicity
effect based on changes in cell morphology (according to
EN 1SO10993-5:2009. Biological evaluation. Part 5: Test
for in vitro cytotoxicity, International Organization for
Standardization, Geneva, Switzerland, 2009). The evalua-
tion of the potential cytotoxic action of compounds was
performed in a monolayer culture of epithelial lung cancer
cell line A-549. The cells at a density of 5-10%/well were
incubated for 24 h. After the incubation, the culture su-
pernatants were removed and appropriate doses of the
compounds (200 pL/well) were added to the cell mono-
layers and incubated for an additional 72 h. Control cul-
tures contained corresponding dilutions of DMSO. Cell
growth, morphology, and viability were analyzed to de-
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termine the compound’s cytotoxicity. The degree of cyto-
toxicity was defined as the highest dilution of the com-
pounds that cause 50 % or greater destruction of cells.

2.3.2. The Colorimetric MTT Assay

Cell viability was determined by MTT [3-(4,5-
dimethythiazoyl-2-yl) 2,5-diphenylte-trozolium bromide]
colorimetric assay. The test is based on mitochondrial
dehydrogenase cell activity reflecting cell metabolism.”
MTT was dissolved in PBS at a concentration of
5 mg/mL. To determine cell killing, 25 pL of the solution
was added per well to the culture plates, followed by in-
cubation for 2 h in a cell incubator. Then, 100 uL of a
lysing buffer (20 % SDS with 50 % DMF, pH 4.7) was
added, and after an overnight incubation, the OD was
measured at 550 nm with the reference wavelength of
630 nm in a Dynatech 5000 spectrophotometer.

2.3.3. Determination of Antimicrobial Activities
by the Agar Diffusion Method

The following thiosulfonates concentrations were
used: 50, 100 and 1000 pg/mL. The compounds were
initially dissolved in DMSO (dimethyl sulfoxide) at
10 mg/mL concentration, and subsequently in distilled
water. Pre-cultures of Escherichia coli, Pseudomonas
aeruginosa, and Staphylococcus aureus in broth were
incubated at 310 K. After overnight incubation the
cultures were diluted 10x with a nutrient broth. The
bacterial suspensions (100 pL) were plated onto Muller-
Hinton agar. The plates were dried and 20 pL of the
compound solutions at concentrations of 50; 100, and
1000 pg/mL were applied. Relevant dilutions of DMSO
were applied to control cultures. The bacterial cultures
were incubated for 24 h at 308 K. The diameters of zones
were measured which reflected antimicrobial effects and
the compounds’ degree of activity. Conventional drugs
served as reference compounds. Every experiment was
performed three times.

2.3.4. Determination of the Antiviral Activity

The antiviral activity of the synthesized compounds
was determined by means of A-549 cells infected with
HSV-1 or HSV-2 viruses. The cells, at density of 1-10°
cells/mL, were applied onto 96-flat bottom culture plate
and incubated for 24 h at 37°/5 % CO, atmosphere, fol-
lowed by infection of the cells with HSV-1 or HSV-2 at a
multiplicity of infection (MOI) = 5. After 1 h incubation
the supernatants containing non absorbed viruses were
removed and to the cell cultures the studied compounds
and the solvent (DMSO) at respective concentrations were
added. Control cultures were represented by non-infected
cells, infected cells, or containing Acyclovir — a reference
drug. After 48 h incubation in a cell incubator the super-
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natants were harvested for determination of virus titer.
The levels of HSV-1 and HSV-2 replication were deter-
mined based on the cytopathic effect (CPE) registered in
24 h monolayer culture of A-549 cells. In the first step the
supernatants from the investigated cultures of infected
cells and treated with the compounds, were diluted by
applying a logarithmic scale (from 10 to 10”) and trans-
ferred to the A-549 cell culture. After 48 h incubation in a
cell culture incubator, the cytopathic effect was analyzed
using an inverted microscope. TCIDs, was defined as a
highest dilution of a virus where CPE occurred in 50 % of
the infected cells. The antiviral activity of the investigated
compounds was determined by comparison of the loga-
rithmic reduction (log 10) index of the virus titer with
DMSO control.

3. Results and Discussion

The compounds Al, A2, A3, M5, M6, and M7
were synthesized in the Department of Technology of
Biologically Active Substances, Pharmacy and Biotech-
nology, Lviv Polytechnic National University (Fig. 1).

The synthesis of thiosulfoesters used for the
study of antiherpetic properties was carried out accord-
ing Scheme 1.

As a starting compound for the synthesis of esters
of 4-acylamino benzenethiosulfonic acid (A1-A3),
4-(acetylamino)benzenesulfonyl chloride 1 was used.
Compound 1 was converted into the corresponding so-
dium salt of 4-acetylamino-benzenethiosulfonic acid 2 via
a redox reaction using sodium sulfide in an alkaline me-
dium. To obtain the alkyl esters of 4-acetylamino-
benzenethiosulfonic acid A1-A3, compound 2 was alky-
lated with various alkylating agents. Methyl (A1), and
ethyl (A2) esters were obtained via alkylation of sodium
4-acetylaminobenzenethiosulfonate with dimethyl and
diethyl sulfates, and allyl (A3) ester with allyl bromide.

Recently, significant attention of researchers has
been focused on the obtaining of practically valuable
compounds with the elimination of certain environmental
restrictions and the use of new “green” methods, in par-
ticular, ultrasound-assisted reactions. %%

It is worth noting that in the case of S-methyl 4-
(acetylamino)benzenesulfonothioate (A1) we have devel-
oped a production method that corresponds to the basic
principles of “green chemistry”. In particular, the alkyla-
tion reaction of the sodium salt of 4-acetylamino-
benzenethiosulfonic acid with dimethyl sulfate was car-
ried out in an environmentally safe solvent (water) under
the influence of ultrasound. In addition, our proposed
alkylation technique, in comparison with the known tech-
nique,* allows us to increase the yield of the target prod-
uct from 45 % to 75 % and reduce the reaction time.

319

NHCOCH, NHCOCH,  AIBr or NHCOCH,
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NH H.c=c—cocl NHCO - ¢ = CH,
: C

CH, 3

S

SO,SAlk

SO,SAlk
; M5-M7

Alk = CH, (A1), C,H (A2)), i-C3H, (M5),i-C,Hy (M6), C;H{(A3, M7)

Scheme 1. Synthesis of esters of 4-acetylamino-
and 4-methacryloylamino benzenethiosulfonic acids

The target esters of 4-methacryloylaminoben-
zenethiosulfonic acid (M5-M7) were obtained via acyla-
tion of the corresponding esters of 4-aminobenzene-
thiosulfonic acid with methacryloyl chloride, analogously
to the procedure of obtaining 4'-methoxyphenyl and 4'-
nitrophenyl esters of 4-methacryloylaminobenzenethiosul-
fonic acid.*

3.1. Determination of Toxicity

The metabolic activity of the human epithelial cell
line A-549 was evaluated using the compounds A1-A3,
M5-7 (Fig. 3) at a concentration range of 200—1.57 pg/mL
and applying relevant dilutions of the solvent (DMSO) in
control cultures.

The results showed that the synthetic thiosulfonates
were generally non-toxic up to 100 pg/mL, and the high-
est concentration measured was 200 pg/mL (Table 1).

A toxic effect of compounds was observed only at
200 and 100 pg/mL concentrations. The minimal concent-
ration, toxic to approximately 50 % of the cells, was ac-
cepted as TCCDs. The degree of cytotoxicity was deter-
mined by measuring the growth of the A-549 cells for
72 h at 310 K. The level of cell viability was assessed
using the colorimetric MTT method. The conditions of the
cultures incubated with the tested compounds were evalu-
ated using image analysis. The photographs presented in
Fig. 4 show cultures of A-549 epithelial cells after 72 h of
incubation with the tested compounds. Fig. 4c shows the
effects of nontoxic concentration (50 pg/mL) of the tested
compounds on A-549 cells during the following 72 h of
incubation. The cells present a normal shape and size as
the cells treated with the culture medium or DMSO
(Fig. 4a, b). In an experiment determining the toxicity of
the compounds. a toxic effect at >200 pg/mL concentra-
tion was found, characterized by a change of cell mor-
phology, the presence of granules in the cytoplasm, and
subsequent cell death (Fig. 4d).
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Fig. 3. Formulas of the tested compounds of A and M group

Table 1. The determination of the cytotoxic activity of the compounds on human lung epithelial cell line A549

Compounds
Al A2 A3 M5 M6 M7 DMSO Control
Non-toxic concentration [pug/mL] 50> 50> 50> 50> 50> 50> NT NT

NT- non-toxic effect

a) A549- not toxic effect — b) A549- not toxic effect —  ¢) compound Al [50 pg/ml] — d) compound A1
control [cells + culture me- control [cells + culture con- not toxic effect [200 pg/ml] - toxic effect
dium] trol [cells + DMSO]

Fig. 4. Morphology of cell lines A-549 treated and untreated with cytotoxic doses of tested compounds

Table 2. Antibacterial activity of thiosulfonate derivatives

Compound Concentration Pseudomonas aeruginosa E. coli Staphylococcus aureus
[ng/mL] PCM 2058 PCM 2057 PCM 2054
1 2 3 4 5
Al 50 - — —
1 OO + + /_ + /_
1000 +H+ /- —r
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Continuation of Table 2
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1 2 3 4 5

A2 50 = e e
100 + +/- +/-

1000 ++ + =+

A3 50 _ e
100 - . +/-

1000 L _ T+

M35 50 | e =
LU — _ T

1000 | e e =+

M6 50 | e =
LU — _ T

1000 | e e =+

M7 50 = e e
o | e +/- T

1000 ++ + =+

Degree of antibacterial actions: — inactive, +/- weak active (opaque zone); + weak clear zone;

growth inhibition)

3.2. Determination of Antimicrobial
Activities

Antimicrobial activity of thiosulfonates A1, A2, A3
and M5, M6, M7 was determined by a method of com-
pound diffusion into agar *"~*. The tested thiosulfonates
showed selective antibacterial activities (Table 2).

The growth of S. aureus was markedly inhibited by
all tested thiosulfonate derivatives at 1000 ug/mL concen-
tration. Compounds M5, and M6 showed activity at a
lower concentration — 100 pg/mL, while A1, A2, and A3
derivatives were active only at a concentration of
1000 pg/mL. Pseudomonas aeruginosa was weakly sensi-
tive to Al and A2 at 100 pg/mL concentration; the growth
was clearly inhibited by Al, A2, and M7 compounds at
1000 pg/mL. E. coli strain was resistant to A3, M5, and
M6 and weakly sensitive to Al, A2, and M7 at 1000 pg/mL
concentration.

In general, the compounds were toxic with regard to
both gram+ and gram-— strains. Interestingly, the compounds
showed stronger antibacterial effects against pathogenic
bacteria than against E. coli predominated in the colonic
microbiota, which appears to be their advantage. The effec-
tive concentrations of the compounds were comparable to the
aqueous allium preparations inhibiting Streptococci growth.™

3.3. Determination of Antiviral Activity

A-549 cells were infected with HSV-1 or HSV-2
and after 1 h of incubation at 310 K, the cell culture su-
pernatants were discarded, followed by the addition of the
compounds Al, A2, A3 or M5, M6, and M7 to the cul-
tures and subsequent 48 h incubation. The results are

+++ active (clear zone of

shown as the logy TDICs, values from quadruplicate
determinations (mean £SE) as compared with an appro-
priate DMSO control. The results, with a description of
the experiments, are presented in Fig. 3a, b. The synthetic
Al, A2, and A3 allium analogs caused a significant de-
cline in the viral titer of HSV-1. A2 compound most ef-
fectively affected the viral replication, since already at a
concentration of 50 pg/mL it reduced the virus level from
9- to 3-log and at a concentration of 25-12.5 pg/mL from

9- log to 4 -log. Next, the potential ability of M7 to
inhibit viral replication was investigated in the model of
A-549 cells infected with the HSV-1 virus. The results,
with the description of the experiments, are presented in
Fig. 5b. As shown in Fig. 5b, compounds M5, M6 and
M7, as well as Acyclovir (Fig. 5c), inhibited viral titers in
a dose-dependent way. The potency of Acyclovir was
stronger and attained its maximal value at 22.5.0 pg/mL,
when the virus titer was reduced to 8 -log (Fig. 5c).

The antiviral effects of the substances were also
tested in relation to the HSV-2 virus using Acyclovir as the
reference drug (Fig. 6). In the group of synthetic allium
analogs, compound A3 most effectively reduced the viral
titer to 3 -log at concentrations of 50, 25 and 12.5 pg/mL
(Fig. 6a). An inhibition of HSV-2 replication (virus titers
reduced to 2 -log) was observed for M6 and M7 at
50 pg/mL. A decrease of the virus titer to 3-log at 50 and
25 pg/mL was registered for M5 and for M7 at 25 and
12.5 pg/mL, 12.5 pg/ml concentration of M5 and 25 and
12.5 pg/mL of M6 compounds reduced the level of the virus to
4 -log (Fig. 6b). The antiviral potency of Acyclovir was
stronger and attained its maximal value at 22.5 ug/mL virus
titers were reduced up to 5 -log (Fig. 6¢).
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Titer of HSV-1 (log TCID50)
Titer of HSV-2 (log TCID50)

o — ct 50 25 125 5 25 125 50 25 125 [ugmL]
ctrl 50 25 125 5 25 125 50 25 125 [ug/mL] a " "

Al A2 A3

Titer of HSV-1 (log TCIDS0
Titer of HSV-2 (log TCID50)

50 25 125 [ugml]
M7

25 125 [ug/mL] b

Titer of HSV-1 (log TCID50)
Titer of HSV-2 (log TCID50)

Acyclovir [ugimL]

Ctrl 225 1.5 56 28 14
Acyclovir [ug/mL]

C

Fig. 5. The effect of the compound on in vitro c

herpesvirus (HSV-1) replication in A-549 cell. A-549 cells were Fig. 6. The effect of synthetic analogs of garlic (A1-A3 and M5-
infected with HSV-1 of MOI=5 and after 1 h of virus absorption M7) on in vitro HSV-2 replication in A-549 cell. A-549 cells were

at 37°C, the virus inoculums were removed and the infected cells infected with HSV-2 of MOI=5 and after 1h of virus absorption at
were incubated for 48 h with (25; 12.5; 6.2; 3.1 pg/mL) or 37°C, the virus inoculums were removed and the infected cells were
DMSO as the solvent control (a, b). Acyclovir (22.5;11.5; 5.6; incubated for 48 h with compounds (50, 25, and 12.5 pg/mL) or
2.8 and 1.4 pg/mL) was used as a reference drug (c). DMSO as the solvent control (Fig. 6A, B). Acyclovir (22.5; 11.5;
The viral titer was expressed with reference 5.6; 2.8, and 1.4 ug/mL) was used as a reference drug (Fig. 6C) The
to the TCIDs, value, which is based on the cytopathic effect viral titer was expressed with reference to the TCIDs, value, which

caused by this virus in approximately 50 % of infected cells. The is based on the cytopathic effect caused by this virus in approxi-
results were obtained from quadruplicate determinations (mean mately 50 % of infected cells. The results were obtained from quad-
+SE), and presented as the TDICs, values in relation to the ap- ruplicate determinations (mean +SE), and presented as the TDICs,
propriate DMSO control values in relation to the appropriate DMSO control



Obtaining and Determining Antiviral and Antibacterial Activity of S-Esters...

In this investigation we demonstrated the antiviral
properties of S-esters of 4-R-aminobenzenthiosulfonic
acid in the model of lung epithelial A549 cells infected
with HSV-1 or HSV-2 viruses, using appropriate refer-
ence drugs. The antiviral properties of the compounds
were comparable to classical drugs, which directly inter-
fere with assembly of viral genetic material. The 4-log;
reduction of the virus titer by the compounds, demon-
strated in this work, meets the European standards for
efficient antiviral drugs.

Only isolated reports relate to in vitro effects of gar-
lic-derived compounds on viral replication > *°. However,
prior investigations employed, besides various types of
garlic extracts, less stable thiosulfinates ’. In this work we
applied for the first time thiosulfonates with a predicted
higher resistance to external environment and storage.

4, Conclusions

A series of S-esters of 4-R-aminobenzenthiosulfonic
acid were synthesized and evaluated for their antiviral and
antibacterial activities. In the case of obtaining of S-methyl
4-(acetylamino)benzenesulfonothioate, it was developed a
production method that corresponds to the basic principles
of “green chemistry”. This made it possible to increase the
yield of the target product from 45 % to 75 % and shorten
the reaction time. The structures of new thiosulfoesters
were characterized by spectroscopic methods (‘'H NMR,
BC NMR, and IR) and elemental analysis. In the presented
work, it was shown that all the synthetic compounds have
the ability to inhibit viral replication in vitro of HSV-1 and
HSV-2 strains, M7 compound being more effective. The
lack of toxicity in vitro at a high concentration, with refer-
ence to A-549 cells, predisposes the compound for further
preclinical studies. Of note, the chemical structure of thi-
osulfonates renders them more resistant to changes in the
external environment in comparison with thiosulfinates.
The synthesized esters showed selective action in relation to
Staphylococcus aureus and Pseudomonas aeruginosa.
Taking into account the relatively low antibacterial efficacy
of the compounds at low doses, one can envisage using
them as disinfectants at high concentrations. Alternatively,
they may be applied topically to infected skin or in cases of
vaginal dysbiosis.
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OJIEP’KAHHS TA BUSHAYEHHS
MPOTUBIPYCHOI 1 AHTUBAKTEPIAJIbHOI
AKTUBHOCTI S-ECTEPIB 4-R-
AMIHOBEH3EHTIOCYJIb®OKUCJIOTH

Anomauin. Anxinyeannsivm nampiceoi coni 4-ayemunaminoden-
3EHMIOCYIbQIOKUCIOMY  PISHUMU — QIKLTYBWILHUMU — A2eHmMamu  ma
AYUTIOBANHAM IONOBIOHUX ecmepis 4-aMiHobeH3eHmMIoC)bghoKucIomu
MemaKpuiolIxiopuoom CUHMe306aHo pso S-ecmepig 4-R-aminobensen-
miocyneghokucnom. [l ooeporcannsi S-vemun 4-(ayemunamino)oen-
3eHCYIbhoHOmMIoamy po3pobieHO MeMOOUKy CuHme3y, siKa 8ionoeioac
ocHOBHUM npunyunam ‘‘3eneoi ximii”. CmyniHb yumomoKCUuHOCH
CHONYK OYiHIOBQIU Yepe3 GusHaueHHs pocmy kuimun A-549 xonopu-
MEMPUUHUM MeMOoOOM. AHMUOAKMePIanbhy aKmusHicms miocyiibgho-
Hamig GU3HAYATU 8 A2apOBOMY OUQDY3BItIHOMY mecmi, a NPOMUBIPYCHY
0ir0 — 3a yumonamuunum epexmom 3a snaverrsim TCIDS0.

Knrouosi cnosa: miocynsghonamu, anmubakxmepianoHa ax-
MUGHICb, NPOMUBIPYCHA AKMUBHICTb.



