Chemistry, Technology and Application of Substances

Vol. 4, No. 2, 2021

®APMALIS

N. Ya. Monka, L. R. Zhurakhivska, M. S. Kurka, H. B. Shyian, Yu. M. Semenchuk, V. 1. Lubenets

Lviv Polytechnic National University,
Department of Technology of Biologically Active Substances, Pharmacy and Biotechnology
vlubenets@gmail.com

SYNTHESIS OF THIOSULPHONATE AND AMINO
ACID DERIVATIVES OF BENZOCHINONE AND PREDICTED
SCREENING OF THEIR BIOLOGICAL ACTIVITY

https://doi.org/10.23939/ctas2021.02.040

Quinoid derivatives are attractive not only as interesting synthons for synthesis, but also as
potential biologically active substances, so it is important to modify the compounds of the quinone
series with different pharmacoform fragments. In this work, the structural design of chlorine and
bromanyl disulfur-containing fragments, namely thiosulfonate, and chloranyl — a fragment of 4-
aminobutanoic acid. Methods of synthesis were developed and physicochemical characteristics of
thiosulfonate and amino acid derivatives were studied: 2,5-bis (thiosulfonate) -3,6-halogen -1,4-
benzoquinones and 2,5-bis (3-carboxypropylamino) -3,6 — dichlorobenzoquinone. The prospects
for the design of chlorine and bromanyl thiosulfonate fragments and chloranyl fragment of 4-
aminobutanoic acid are confirmed by the results of predicting the biological activity of 5 a, b, 6 a,
b, 7 using the online resource PASS Online. In particular, the substance 6a obtained by us is
promising in terms of research on Antiviral (Picornavirus). The obtained results of predicted
cytotoxicity screening indicate the feasibility of conducting experimental studies by in vitro
methods on anticancer activity against cancer cell lines of hematopoietic and lymphoid tissue,

lungs, skin, ovaries, blood, breast, kidney, colon, brain.
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Introduction

The priority of the research today is the use of
quinones and their derivatives as organic reagents for
the quantitative determination of medicinal
substances [1, 2]. The scientific literature provides
information on the use of quinone derivatives for
quantitative analysis of cephalosporin [3—5] and B-
lactam antibiotics [6], and describes the
determination of antimigraine analgesics based on
reactions with p-chloranil [7].

Quinoid derivatives are attractive not only as
interesting synthons for synthesis, but also as
potential biologically active substances, so the urgent
task today is to create new effective substances with
different spectrum of biological action, especially
those whose structure includes other pharmacoform
fragments. close to known biologically active

chloranyl,
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bromanyl, thiosulfonate, predicted activity,

substances. Modified quinone derivatives, in
particular natural quinones and some synthetic
derivatives, attract attention as insecticidal, anti-
inflammatory and phytotoxic compounds [8-10].
Among the benzoquinone derivatives there are a
number of compounds that exhibit high antimicrobial
activity and a wide range of its action [11].

The results of studies of 1,4-benzoquinone
derivatives indicate the prospects of studying their
properties in order to create new effective substances
as regulators of the activity of various enzymes. As a
prooxidant, a strong antioxidant, a regulator of
genetic  expression and signal transduction,
ubiquinone is able to affect the activity of a large
number of enzymes that function in cells [12].

It is also known that some sulfur-containing
quinonymines, namely N-arylthio-1,4-benzoquino-
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nymines, can be used as reagents for the synthesis of
important sulfur-containing compounds with a wide
range of biological activity — thiosulfoester [13, 14],
among which known compounds are effective
regulators , and plant fungibactericides [15-20].

The aim of our research is the synthesis of
some new benzoquinone derivatives, establishing
the predicted structure-activity dependence and
determining the priority areas of experimental
studies of biological activity and the possibility of
their practical application as promising biologically
active substances for the development of drugs for
various purposes.

Materials and methods of research

IR spectra were taken on aspectrophotometer
SPECORD M 80 (KBr pellets); '"H NMR spectra
were recorded on a spectrometer Varian VXR-300,
('H chemical shifts are expressed in 8—ascale relative
to tetramethylsilane, solvent—-DMSO-D6, and the
integral intensitiescorrespond to the attributions that
were made); purity of the synthesized compounds
were monitored by TLC and elemental analysis
performed on standard microanalysis equipment.

For the obtained compounds, computer
prediction of biological activity was performed using
the program PASS-online, which is based on the
analysis of the dependence “structure-activity” [21, 22].

The CLC-Pred method [23] based on a
combination of QNA descriptors was used to model
the predicted cytotoxicity.

2,5-bis- (4'-acetylaminobenzenesulphothioate) 3,6-
dibromo-1,4-benzoquinone 5b.

To a solution of 0.5 g (0.001 mol) of bromanil

in 60 ml of acetonitrile was gradually added at room
temperature 1.19 g (0.004 mol) of sodium 4-
acetylaminobenzene thiosulfonate. The reaction
mass was heated to the boiling point of the solvent
and kept for 7 hours. The precipitate was filtered off
from the hot reaction mass and cooled, followed by
isolation of the target product. The reaction was
monitored by TLC.
IR (KBr, cm-1): 3336, 1634 (NH);, 1684, 1648
(CO); 1602, 1588, 1576(C = C); 1332 yas,1144ys
(SO,); 'H NMR (300 MHz, DMSO-d6): 2,23 (6H s,
CH3), 7,38-8,18 (8H,m, Ar-H), 8,46 (2H, s, NH).
mp: 101-102 °C; CpH;sBr,N,OgS4 Calculated: C
36.46 H 2.20 N 3.86 S 17.67, Found: C 36.35, H
2.23,N 3.79, S 17.65. Yield 0,52¢g (62 %).
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25-, bis- (4'-aminobenzenesulphothioate) 3,6-
dibromo-1,4-benzoquinone 6b

To a solution of 0.5 g (0.001 mol) of bromanil
in 60 ml of acetonitrile was gradually added at 20
°C. 0.99 g (0.004 mol) of sodium 4-aminobenzene
thiosulfonate. The reaction mass was heated to the
boiling point of the solvent and kept for 7 hours. The
precipitate was filtered off from the hot reaction
mass and cooled, followed by isolation of the
product. The reaction was monitored by TLC.
IR (KBr, cm'1): 3366, 3334 (NH2); 1682 (CO);1600,
1588, 1572(C = C); 1336 vyas,1134ys (SO2); 'H
NMR (300 MHz, DMSO-d6): 6,32 (4H, s, NH2),
6,86 -7,84 (8H,m, Ar-H). mp: 141-142°C;
CisH2Br,N,0S,4 Calculated: C 33.75 H 1.87 N 4.37
S 20.00, Found: C 33.78, H 1.85, N 4.29, S 19.94.
Yield 0,43g (58%).

2,5-bis- (4'-acetylaminobenzenesulphothioate) 3,6-
dichloro-1,4-benzoquinone 5a

To a solution of 0.246 g (0.001 mol) of
chloranil in 60 ml of acetonitrile was gradually
added at room temperature 1.03 g (0.004 mol) of
sodium 4-acetylaminobenzene thiosulfonate. The
reaction mass was heated to the boiling point of the
solvent and kept for 7 hours. The hot reaction mass
was filtered off, the target product crystallized after
cooling from the filtrate. The reaction was monitored
by TLC.
IR (KBr, cm-1): 3346, 1638 (NH); 1686, 1646
(CO); 1600, 1584, 1572(C=C); 1328 yas,1140ys
(SO,); 'H NMR (300 MHz, DMSO-d6): 2,29 (6H s,
CH3), 7,28 -8,12 (8H,m, Ar-H), 8,36 (2H, s, NH).
mp: 92-94 C; C»H,4C1LN,05S, Calculated: C 41.57,
H2.52,CI11.18, N 4.41, S 20.16, Found: C 41.47,
H 2.50, C1 11.18, N 3.69, S 20.09. Yield 0.54g
(42%).

2,5-bis- (4'-aminobenzenesulphothioate) 3,6-
dichloro-1,4-benzoquinone 6a

To a solution of 0.5 g (0.001 mol) of
chloranil in 60 ml of acetonitrile was gradually
added at 20 °C. 0.86 g (0.004 mol) of sodium 4-
aminobenzene thiosulfonate. The reaction mass was
heated to the boiling point of the solvent and kept for
7 hours. The precipitate was filtered off from the hot
reaction mass and cooled, followed by isolation of
the product. The reaction was monitored by TLC.
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IR (KBr, cm'1): 3356, 3330 (NH,); 1680 (CO);1604,
1590, 1548 (C=C); 1324 yas,1128ys (SO,); 'H NMR
(300 MHz, DMSO-d6): 6,12 (4H, s, NH,), 6,96 -7,88
(8H,m, Ar-H). mp: 128-130°C; CsH;2CLN,O4S4
Calculated: C 39.22, H 2.18, C1 12.89, CI 12.69, N
5.08, S 23.23, Found: C 39.18, H 2.09, N 4.98, S
23.15. Yield 0,42¢g (38%).

2,5-bis- (4'-aminobenzenesulphothioate) 3,6-
dichloro-1,4-benzoquinone7

To 2.46 g (0.01 mol) of chloranil in 200 ml of
ethyl alcohol was added a solution containing 2.06 g
(0.02 mol) of 4-aminobutanoic acid, 2.24 g (0.04
mol) of potassium hydroxide in 100 ml of water. The
reaction mixture was kept under stirring at 80 © C for
1.5 hours. Cooled to 0 ° C and acidified with
hydrochloric acid to pH = 5.0-6.0. Purple crystals
were filtered.
IR (KBr, cm™): 3340 (NH), 3036, 1720 (C =
0,COOH), 1645 (C = O, quinoid.), 1625, 1608,1600
(C = C), 760 (C-Cl); '"H NMR (300 MHz, DMSO-
d6): 2.28-1.70 (m, 8H, CH2CH2), 2.32
(m,4H,CH2COOH), 4.02-3.86 (m, 4H,NCH2), 7.36
(s, 2H,NH). mp: 232 °C; Cy4H;6C1,N,O¢ Calculated:
C 44.36 H 4.22 C1 18.71, N 7.39 Found: C 44.51, H
3.98, C119.02, N 7.05. Yield 2.58 g (68% ).

Research results and their discussion
We investigated the interaction of halogen

derivatives of 1,4-benzoquinone (bromo- and
chloranyl) with salts of thiosulfonic acids and 4-
aminobutanoic acid. Sodium-4-acetylaminobenzene
and sodium 4-aminobenzene thiosulfonates are used
as thiosulfonate reagents, as esters of these
thiosulfonic acids are low-toxic compounds [24, 25].

The synthesized thiosulfoester derivatives
with the benzoquinone moiety were obtained by
nucleophilic substitution of halogen atoms of
2,3,5,6-tetrabromocyclohexa-2,5-dienel,4-dione
(bromanyl, chloranyl) on the thiosulfonate fragment
by the action of 4-acetylamino-, 4-acetylamino
sodium solvents (methanol, propanol and
acetonitrile) at different ratios of reagents at
prolonged boiling according to the scheme of the
following transformations:

The best yields of the target products were
obtained in acetonitrile with the formation of only
from the products of disubstitution 2,5-
bisubstituted thiosulfonate derivatives of 3,6-
dihalogen-1,4-benzoquinones 5 a.b, 6 a.b.
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NHCOCH; NHCOCH; NH,

Nay$ *9 HyO NaOH

R'=-Cl (a), -Brb) 4ab
o

o R R
R 50, NHCOCH, ® R
o
4ab
H,COCHN 0.8 R
o
Sab

0
“ SOZSQNH2
H2N~©— S0.8 R’
o

2,3,5,6-Tetrachloro-1,4-benzoquinone
(chloranyl) 4a also reacts with 4-aminobutanoic acid,
by nucleophilic substitution of chlorine atoms at
positions 2 and 5 for amino acid residue according to
the following scheme:

o
a a N
a HN COOH
ENTN"coon
- - 5
-2HA
c a HOOC o~ N a

To determine the priority areas of
experimental studies of the biological activity of our
synthesized substances 5 a, b, 6 a, b, 7, studies were
conducted in the following areas: prediction by
computer program PASS, prediction of cytotoxicity
by program CLC-Pred. The results of computer
screening of predicted biological activity according
to the program PASS — online Sa:

0
cl SOZS@—NHCOCH3
H3cocm@sozs Cl
6]

0,841 Cl-transporting ATPase inhibitor

0,684 Phospholipid-translocating ATPase inhibitor
0,591-0,503  Ubiquinol-cytochrome-¢c  reductase
inhibitor, Thioredoxin inhibitor, Chloride peroxidase
inhibitor, CYP3A1 substrate, IgA-specific serine
endopeptidase inhibitor, N-acylmannosamine kinase
inhibitor

Table 1
Cytotoxicity of compound Sa

Affected Cancer cell line .

Pa Pi
organ name / code
Carcinoma

Breast Breast 0.014
MCF7 0.752
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Results of computer screening of predicted
biological activity according to the PASS-online 6a

program:
0
a s02s~<j>7NH2
HZN@SOZS cl
)

0,793-0,751 NADPH peroxidase
inhibitor, Phospholipid-translocating ATPase
inhibitor; 0,694 -0,619 Glycosylphosphatidylinositol
phospholipase D inhibitor, Myeloblastin inhibitor,
Complement factor D inhibitor, Chloride peroxidase
inhibitor,  Cl--transporting ~ ATPase inhibitor,
Arylsulfate sulfotransferase inhibitor, Thioredoxin
inhibitor, Phthalate 4,5-dioxygenase inhibitor,
Glutamyl endopeptidase II inhibitor, Lysase inhibitor
0,597-0,511  Thiol oxidase inhibitor, Sulfite
oxidase inhibitor, CDP-4-dehydro-6-deoxyglucose
reductase inhibitor, Antiviral (Picornavirus), L-
glutamate oxidase inhibitor, Linoleoyl-CoA desatu-
rase inhibitor, Spermidine dehydrogenase inhibitor,
Omptin inhibitor, CYP2J substrate, CYP3Al
substrate, Para amino benzoic acid antagonist,
Cholestanetriol 26-monooxygenase inhibitor,
CYP2J2 substrate, Platelet aggregation stimulant,
Arylacetonitrilase inhibitor, 3-Hydroxybenzoate 6-
monooxygenase inhibitor, 5-O-(4-coumaroyl)-D-qui-
nate 3'-monooxygenase inhibitor, Alopecia treatment.

Table 2
Cytotoxicity of compound 6a
Affected Cancer cell line .
Pa Pi
organ name / code
Haematopoiet Adult
ic and. immunoblastic 0,582 0011
lymphoid lymphoma
tissue SR
Colon
Colon carcinoma/RCO 0.523 0.005
Carcinoma
Breast Breast 0.841 0.008
MCF7

The results of computer screening of predicted
biological activity by the program PASS-online 5b:

(0]
SOZSONHCOCH3

Br
pl Br

H3COCMQSO

S
(0]
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0,771 Aspulvinone dimethylallyltransferase
inhibitor; 0,651 — 0,629 Thioredoxin inhibitor,
NADPH peroxidase inhibitor, Phospholipid-tran-
slocating ATPase inhibitor; 0,590- 0,503 Prolyl
aminopeptidase inhibitor; Feruloyl esterase inhibitor;
Myeloblastin inhibitor; Glutamyl endopeptidase 11
inhibitor; Phosphatidylserine decarboxylase
inhibitor; Linoleoyl-CoA  desaturase inhibitor;
Lysase inhibitor; Para amino benzoic acid
antagonist;  Alanine-tRNA  ligase  inhibitor;
Cholestanetriol 26-monooxygenase inhibitor;
Platelet aggregation stimulant; Arylacetonitrilase
inhibitor; Alopecia treatment; Chloride peroxidase
inhibitor; Omptin inhibitor; GST A substrate;
Complement factor D inhibitor.

Table 3

Cytotoxicity of compound Sb

Cancer cell line
name / code
Adult
immunoblastic
lymphoma
SR
Lung carcinoma
A549
Non-small cell
lung carcinoma
HOP-92
Non-small cell
lung carcinoma
NCI-H522
Ovarian adeno-
carcinoma
/IGROV-1
Acute T-
lymphoblastic
leukemia
MOLT-4
Melanoma/
SK-MEL-5
Melanoma/
UACC-257
Colon adeno-
carcinoma
HCC 2998

Pa
0.981

Pi
0.002

Affected organ

Haematopoietic
and lymphoid
tissue

0.917 0.005

0.927 0.004

Lung

0.930 0.003

0.736 0.005

Ovarium

0.767 0.005

Blood

0.907 0.005

Skin

0,802 0.004

0.799 0.004

Colon

Results of computer screening of predicted
biological activity by PASS-online 6b

o}
Br S0,8 ONHZ
HZN@ S0,8 Br
o}
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0,649-0,612  Aspulvinone dimethyl-allyltransferase
inhibitor; Gluconate 2-dehydrogenase (acceptor)
inhibitor; 0,577-0,511 Proteasome ATPase inhibitor;
Mucomembranous protector, GST A substrate.

Table 4
Cytotoxicity of compound 6b

Affected
organ
Haematopoiet
ic and
lymphoid
tissue

Cancer cell line
name / code
Adult
immunoblastic
lymphoma
SR
Lung carcinoma
A549

Pa Pi

0.991 0.001

0.976 | 0.004

Lung

Non-small cell
lung carcinoma
NCI-H522

0.957

0.002

Non-small cell

0.959

0.003

lung carcinoma/
HOP-92
Melanoma/
SK-MEL-5
Melanoma/
UACC-257
Colon
adenocarcinoma/
HCC 2998
Ovarian
adenocarcinoma/
IGROV-1
Acute T-
lymphoblastic
leukemia/
MOLT-4

0.942 | 0.003

Skin

0,838

0.895 | 0,004

Colon

0.895 | 0.004

Ovarium

0.856 | 0.004

Blood

Results of computer screening of predicted
biological activity according to the PASS-online 7

program:
o

cl HN/V\COOH

HOOC. o~ N a1

)

0,908 — Phobic disorders treatment; 0,893—-0,859
CYP2J2 substrate, CYP2J substrate,Gluconate 2-
dehydrogenase (acceptor) inhibitor; 0,798-0,702
Acylcarnitine hydrolase inhibitor, Mucomembranous
protector, Glycosylphosphatidylinositol
phospholipase D inhibitor, Membrane permeability
inhibitor, Phthalate 4,5-dioxygenase inhibitor,
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Fructose
treatment,

5-dehydrogenase inhibitor, Mucositis
2-Hydroxyquinoline 8-monooxygenase
inhibitor, Acrocylindropepsin inhibitor,
Saccharopepsin  inhibitor, Chymosin inhibitor,
Chlordecone reductase inhibitor, NADPH peroxidase
inhibitor, Methylamine-glutamate N-methyltrans-
ferase  inhibitor,  Arylsulfate  sulfotransferase
inhibitor, Exoribonuclease II inhibitor, 3-Phytase
inhibitor, Arginine 2-monooxygenase inhibitor, GST
A substrate, Beta-adrenergic receptor kinase inhi-
bitor, G-protein-coupled receptor kinase inhibitor.

Table 5
Cytotoxicity of compound 7
Affected organ Cancer cell line Pa Pi
name / code
Haematopoietic Promyeloblast
and lymphoid leukemia/ 0.516 | 0.025
tissue HL-60

Compound 7 obtained by us with a 90 %
probability will show Phobic disorders treatment,
and compound 5a can act with 80 % probability Cl-
transporting ATPase inhibitor. It would also be
advisable to test Compound 5b for Antiviral
(Picornavirus).

When analyzing the results of the predicted
cytotoxicity, it was found that all compounds were
predicted to have activity against immunoblastic
lymphoma of adult SR and non-small cell lung
cancer cell line NCI-H522. According to the results
of the CLC-Pred program, the widest range of
cytotoxicity is found in compounds 5b, 6a, b, which
can be further tested for different lines of cancer
cells of hematopoietic and lymphoid tissue, lungs,
skin, ovaries, blood, breast, kidney, colon, main
brain.

Conclusions

Methods of synthesis were developed and
physicochemical characteristics of thiosulfonate and
amino acid derivatives were studied: 2,5-bis
(thiosulfonate)-3,6-halogen-1,4-benzoquinones and
2,5-bis(3-carboxypropylamino)-3,6-
dichlorobenzoquinone.

Prospects for the design of chloro- and
bromanyl thiosulfonate fragments and chloranyl
fragment of 4-aminobutanoic acid are confirmed by
the results of predicting biological activity 5 a, b, 6
a, b, 7 using the online resource PASS Online. In
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particular, we obtained substance 6a is promising in
terms of research of Antiviral (Picornavirus).

The results of predicted cytotoxicity screening
indicate the feasibility of conducting experimental in
vitro studies on anticancer activity against cancer
cells of hematopoietic and lymphoid tissue, lungs,
skin, ovaries, blood, breast, kidney, colon, brain.
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Hanionanshmii yHiBepcuteT «JIbBiBCbKa HOMITEXHIKAY,
kadenpa TEXHONOTT Oi0NOrYHO aKTUBHHX CHONYK, (papMarii Ta 6ioTexHoIori i
vlubenets@gmail.com

CHUHTE3 TIOCYJb®OHATHUX TA AMIHOKUCJIOTHUX NOXIJHUX BEH30XIHOHY
TA TPOTHO30BAHU CKPUHIHT iX BIOJIOTTYHOI AKTUBHOCTI

Ioxiani xiHoigHOro psiAy MPUBaOIIOIOTH, He JIMIE fIK IiKaABi CUHTOHM JJIsI CHHTE3Yy, a TAKOXK SIK
NMOTeHUiiHi 0i0/IOriYHO aKTHBHI PeYOBHHM, TOMY AKTyaJbHHM € MOAM(iKaLis CIOIYK XiHOHOBOIO psxy
pisHuMu ¢papmaxkopopmuumu ¢parmentamu. I[IpoBeneHo CTpyKTypHMii auM3aiiH XxJop- Ta OpomaHiny
aucyjabdypoBMicHuMHE (parMeHTaMH, a camMe TiocyJb(pOHATHHUMH, Ta XJaopaHiny — ¢Qparmentom 4-
aMiHOOyTaHOBOI KMCJI0TH. Po3p0o0sieHO MeTONMKH CHHTe3y Ta AOCTiAKeHO (Pi3uKo-XiMiUYHI XapaKTepuCTUKH
TiOCYJIb()OHATHUX Ta AMIHOKHCJIOTHUX moXigHux: 2,5-0ic(TiocynabdonaTHux)-3,6-rajsoren-1,4-6eH30xiHoHiB

Ta

2,5-6ic(3-kapOoxcunponiiaMino)-3,6-1uxJa0poeH30XiHOHY.

IlepcnexkTuBHicTh AM3aliHy XJOp- Ta

Opomanisly TiocyjabpoHaTHUMHM (parMeHTaMH Ta XJopaHiny ¢parMeHToM 4-aMiHOOYTAHOBOI KHCJIOTH
NiATBEPI:KeHA Pe3yJbTATAMHU MPOrHO3yBaHHS 0iooriyHoi akTUBHOCTI 5 a, b, 6 a, b, 7 3 BUKOPUCTAHHAM
onJiaiin-pecypcy PASS Online. 3okpema cyocTanuis Sb, siky ogepikanu, € nepcrneKTUBHOIO sl JOCTiKeHb
Ha Antiviral (Picornavirus). Oaep:kaHi pe3y1bTaTH NPOrHO30BAHOI0 CKPMHIHIY HUTOTOKCHYHOCTI CBiI4aTh
Npo JOUUIBbHICTH MPOBENEHHS eKCIePUMEHTAJILHMX 0C/iIKeHb MeToJaMM in Vitro Ha mNpPoTHPaKoBi

AKTUBHOCTi CTOCOBHO JIiHIi PaKoOBUX KJITHH reMaTONOINHOI i JiM(pOIAHOI TKAHWHM, JiereHb, IWIKIpH,

sIECYHUKIB, KPOBi, MOJIOYHOI 32/1031, HUPOK, TOBCTOI KUIIIKH, TOJIOBHOT0 MO3KY.
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