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DIRECTED SEARCH FOR COMPOUNDS THAT AFFECT THE EXCRETORY
FUNCTION OF RAT KIDNEYS, AMONG NEW CYCLOALKYLCARBONYL
THIOUREAS AND THIOSEMICARBAZIDES DERIVATIVES

Introduction. Prolonged usage of diuretics, especially in large doses, the number and severity of side effects
(water-electrolyte and metabolic disorders), as well as the relatively limited range of existing diuretics dictate the
need to find new compounds that would have diuretic effects, simple production technology and would be safer.

The aim of the study — directed search for diuretics among unknown disubstituted thioureas and
thiosemicarbazides using the molecular docking methodology as the way to explain the probable mechanism of
action.

Research Methods. The structures of the target compounds have been proposed using drug-design approaches,
namely the introduction of structural fragments into thioureas and thiosemicarbazides, which are characteristic of
known diuretics. The synthesis of substituted cycloalkylcarbonyithioureas or thiosemicarbazides was carried out by
a single-reactor method using cycloalkylcarbonyl chlorides, ammonium isothiocyanate and substituted anilines or
carboxylic acid hydrazides. The structure of the synthesized compounds was proved by IR, *H NMR spectroscopy,
chromato-mass spectrometry and elemental analysis. Probable molecular mechanisms of activity were predicted
due to molecular docking. Directed search for compounds that affect the excretory function of the kidneys of rats
was conducted by the conventional method of E.B. Berkhin with water load.

Results and Discussion. It has been found that the single-reaction of cycloalkylcarbonyl! chlorides with an
equimolecular amount of ammonium isothiocyanate and substituted anilines or carboxylic acid hydrazides resulted
in formation of substituted cycloalkylcarbonyithioureas or thiosemicarbazides. The structure of the synthesized
compounds was discussed using IR, *H NMR and chromato-mass spectra. Studies of the effect of the synthesized
compounds on the excretory function of rats kidneys under water load have revealed several compounds that exceed
the diuretic effect of “Furosemide” and compete with “Hydrochlorothiazide”. Molecular docking results have shown
that the test compounds demonstrated a high affinity for carbonic anhydrase Il and similar binding sites to reference
drugs. This indicates their probable mechanism of action.

Conclusion. The developed and implemented strategy for searching of diuretics among cycloalkylcarbony!
thioureas and thiosemicarbazides derivatives has allowed to identify an effective compound (3.2), which is close to
the reference drug “Hydrochlorothiazide” in terms of diuretic effect. Importantly, according to the results of molecular
docking, the synthesized compounds as well as the reference drugs have a similar mechanism of action (carbonic
anhydrase Il inhibitors). It is likely, that the expressed diuretic effect of several compounds is related to the ability of
substituted thioureas to form coordination bonds with the zinc cation in the active site of CA Il. The obtained results
substantiate the further purposeful search for potential diuretics among this class of compounds.

KEY WORDS: synthesis; cycloalkylcarbonyl thioureas and thiosemicarbazides; spectral data; molecular
docking; carbonic anhydrase II; diuretic activity.

INTRODUCTION. Therapy with sulfur-con-
taining drugs plays an important role in the develop-
ment of the pharmaceutical industry [1]. Sulfur-
containing components are a part of medicines and
native products. More than 350 drugs containing
sulfur are known in international practice. For
example, the most common are sulfonamides,
thioesters, sulfones and penicillins, which have

© 0. V. Kholodniak, K. V. Sokolova, S. |I. Kovalenko,
O. A. Pidpletnya, 2020.

been deeply studied and used for several decades
[2]. Sulfur-containing derivatives include several
diuretics, namely thiazide diuretics (hydrochloro-
thiazide, cyclomethiazide), loop diuretics (furose-
mide, clopamide), carbonic anhydrase inhibitors
(diacarb), which contain sulfamide group. And they
are widely used in medical practice in case of hyper-
tension, chronic heart failure, chronic kidney di-
sease, glaucoma, emergencies (swelling of the
brain, lungs etc.) [3]. Recently, their mechanism of
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action as nonselective carbonic anhydrase inhibitors
has been discussed [3, 4]. For example, thiazide
and loop diuretics catalyze the conversion reaction
between carbon dioxide and bicarbonate ions,
which reduces the availability of hydrogen ions for
active transport in the lumen of the renal tubules,
alkaline urine and increases the excretion of bi-
carbonate, sodium ions, potassium, water, ammonia
reabsorption. However, long-term usage of diure-
tics, especially in large doses, the number and
severity of side effects (water-electrolyte and meta-
bolic disorders) [3, 5], as well as the relatively limited
range of existing diuretics dictate the need to find
new compounds that would have diuretic effects,
simple production technology and would be safer.

In turn, we paid attention to thiourea derivatives,
as they are the starting compounds for the synthesis
of various sulfur-containing heterocycles [6, 7],
which are used as an effective drugs [8], and show
high biological activity (antibacterial, antitumoral,
antithyroid, anticonvulsant, anti-inflammatory, anti-
allergic, antioxidant and antihypertensive activity,
etc.) [9-12]. Our strategy for the targeted search
for compounds that would affect the excretory
function of the kidneys was as following: the syn-
thesis of substituted cycloalkylcarbonylisothiocyan
ates with different cycle sizes (cyclopropane, cyclo-
butane, cyclopentane and cyclohexane) and the
introduction to specified molecules of functional
fragments that are characteristic of known diuretics
(sulfamide, carboxyl groups, chlorine and others).
Itis also important, that thioureas and its derivatives
are characterized by prototropic tautomerism and
the ability to complexation [13]. Therefore, the ability
to complexation may be one of the aspects of the
manifestation of diuretic activity, because for some
drugs complexes involving the zinc cation of carbo-
nic anhydrase (CA Il) were described [4, 14].

The aim of the study. Thus, the aim of the work
is the search of diuretics among unknown thioureas
and thiosemicarbazides using molecular docking
methodology to explain the probable mechanism
of action.

RESEARCH METHODS. Melting points were
determined in open capillary tubes in a “Mettler
Toledo MP 50" apparatus and were uncorrected.
The elemental analyses (C, H, N, S) were performed
using the ELEMENTAR vario EL cube analyzer
(USA). Analyses were indicated by the symbols of
the elements or functions within £0.3% of the
theoretical values. IR spectra (4000-600 cm™) were
recorded on a Bruker ALPHA FT-IR spectrometer
(Bruker Bioscience, Germany) using a module for
measuring attenuated total reflection (ATR).
'H NMR spectra (400 MHz) were recorded on a
Varian-Mercury 400 (Varian Inc., Palo Alto, CA,

USA) spectrometers with TMS as internal standard
in DMSO-d, solution. LC-MS were recorded using
chromatography/mass spectrometric system which
consists of high-performance liquid chromatography
“Agilent 1100 Series” (Agilent, Palo Alto, CA, USA)
equipped with diode-matrix and mass-selective
detector “Agilent LC/MSD SL” (atmospheric
pressure chemical ionization — APCI). Electron
impact mass spectra (EI-MS) were recorded on a
Varian 1200 L instrument at 70 eV (Varian, USA).

Cycloalkylcarbonyl! chlorides (1.1-1.3) were
synthesized by known method [15]. Other starting
materials and solvents were obtained from com-
mercially available sources and used without
additional purification.

The general method of N-(R-phenylcarba-
mothioyl)cycloalkylcarboxamides (2.1-2.10)
synthesis. To the solution of corresponding 0.01 mol
of cycloalkylcarbonyl chlorides (1.1-1.3) in 20 mL
of acetonitrile 0.76 g (0.01 mol) of ammonium
isothiocyanate was added and stirred at 80 °C for
30 min. The mixture was cooled down to r.t. and
0.01 mol of corresponding aniline was added and
stirred at 80 °C for 90 min. The solution was cooled
down, poured into the water and formed precipitate
is filtrated, dried and recrystallized from methanol.

N-((2-Methoxyphenyl)carbamothioyl)cyclo-
propanecarboxamide (2.1). Yield: 80.0 %; Mp.:186-
190 °C; IR (cm™): 3744 (v, ), 3255 (v,,,), 1666 (v ),
1530 (3,,,), 1397, 1226, 1168, 1026, 925, 745, 678,;
'H NMR (400 MHz, DMSO-d,) 6 12.82 (s, 1H,
-NHC(S)-), 11.48 (s, 1H, -NHC(0)-), 8.63 (d, J=8.0
Hz, 1H, Ar H-6), 7.13 (t, J = 7.9 Hz, 1H, Ar H-4),
6.98 (d, J=8.2 Hz, 1H, Ar H-3), 6.92 (t, J = 7.8 Hz,
1H, Ar H-5), 3.89 (s, 3H, CH,), ), 2.13 (it, J = 7.9,
4.5 Hz, 1H, cyclopropyl H-1), 1.01-0.88 (m, 4H,
cyclopropyl H-Zeq, 2. 3eq, 3,); LC-MS, m/z = 251
[M+1]; Anal. Calcd. for C,H,,N,O,S: C, 57.58; H,
5.64; N, 11.19; S, 12.81; Found: C, 57.62; H, 5.69;
N, 11.24; S, 12.85.

N-((2-Chlorophenyl)carbamothioyl)cyclopro-
panecarboxamide (2.2). Yield: 77.2 %; Mp.:160-
161 °C; IR (cm™): 3233 (v,,,,), 3144 (v,,.)), 1659 (v.,),
1515 (3,,), 1396, 1316, 1239, 1176, 1097, 1031,
927, 741, 672; '"H NMR (400 MHz, DMSO-d,) &
12.71 (s, 1H, -NHC(S)-), 11.74 (s, 1H, -NHC(O)-),
8.22 (dd, J =8.2, 1.5 Hz, 1H, Ar H-6), 7.41 (d, J =
7.9 Hz, 1H, ArH-3), 7.33-7.24 (m, 1H, Ar H-5), 7.18
(t, J=9.3 Hz, 1H, Ar H-4), 2.11 (tt, J = 7.9, 4.5 Hz,
1H, cyclopropyl H-1), 1.03-0.77 (m, 4H, cyclopropyl
H-ZEq, 2.0 Beq, 3,); LC-MS, m/z = 255 [M+1]; Anal.
Calcd. for C  H, CIN,OS: C, 51.87; H, 4.35; N, 11.00;
S, 12.59; Found: C, 51.92; H, 4.41; N, 11.07; S,
12.63.

3-(3-(Cyclopropanecarbonyl)thioureido)ben-
zoic acid (2.3). Yield: 66.x0 %; Mp.:223-228 °C; IR
(cm™):3120(v,,,), 3007 (v,,,), 1681 (v ), 1524 (3

NH)’
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1452, 1298, 1250, 1164, 942, 696, 666, 619; H
NMR (400 MHz, DMSO-d,) 6 12.73 (s, 1H, -C(S)
NH-), 11.67 (s, 1H, -C(O)NH-), 8.14 (t, J = 1.9 Hz,
1H, Ar H-2), 7.85-7.74 (m, 2H, Ar H-4, 6), 7.41 (t, J
=7.9Hz, 1H, ArH-5), 2.14-2.05 (m, 1H, cyclopropyl
H-1), 1.00-0.86 (m, 4H, cyclopropyl H-2., 2., 3.
3,); LC-MS, m/z = 265 [M+1]; Anal. Calcd. for
C,H,N,0,S:C,54.53;H,4.58; N, 10.60; S, 12.13;
Found: C, 54.59; H, 4.67; N, 10.69; S, 12.18.
4-(3-(Cyclopropanecarbonyl)thioureido)ben-
zoic acid (2.4). Yield: 73.8 %; Mp.:230-233 °C; IR
(cm?): 3121 (v,,), 3004 (v,), 2986 (v.,), 1679
(Vo) 1512 (8, ), 1288, 1252, 1157, 860, 778, 742,
728, 694; 'H NMR (400 MHz, DMSO-d,) 6 12.92
(s, 1H, -C(S)NH-), 11.69 (s, 1H, -C(O)NH-), 7.91
(d, J = 8.4 Hz, 2H, Ar H-2,6), 7.77 (d, J = 8.4 Hz,
2H, Ar H-3,5), 2.14-2.03 (m, 1H, cyclopropyl H-1),
1.00-0.86 (m, 4H, cyclopropyl H-2eq, 2ax, 3eq, 3ax);
LC-MS, m/z = 265 [M+1]; Anal. Calcd. for
C,H,N,0,S:C,54.53;H,4.58; N, 10.60; S, 12.13;
Found: C, 54.58; H, 4.62; N, 10.65; S, 12.15.
Dimethyl 2-(3-(Cyclopropanecarbonyl)thiou-
reido)terephthalate (2.5). Yield: 74.4 %; Mp.: 208-
211°C; IR (cm™): 3121 (v,,,,), 3004 (v,,,,), 2986 (V).
1715(v), 1686(v ), 1525 (3,,,), 1432, 1390, 1281,
1241, 1222, 1192, 1158, 1130, 1098, 1065, 949,
937, 883, 755, 709, 674, 613; *H NMR (400 MHz,
DMSO-d,) 8 13.02 (s, 1H, -C(S)NH-), 11.71 (s, 1H,
-C(O)NH-), 8.71 (s, 1H,ArH-3), 7.95 (d, J =8.1 Hz,
1H, Ar H-6), 7.82 (dd, J = 8.2, 1.7 Hz, 1H, Ar H-5),
2.16-2.07 (m, 1H, cyclopropyl H-1), 1.00 — 0.88 (m,
4H, cyclopropyl H-Zeq, 2.0 3eq, 3,); LC-MS, m/z =
337 [M+1]; Anal. Calcd. for C ;H,N,O.S: C, 53.56;
H, 4.79; N, 8.33; S, 9.53; Found: C, 53.62; H, 4.84;
N, 8.39; S, 9.61.
N-((4-Sulfamoylphenyl)carbamothioyl)cyclo-
propanecarboxamide (2.6). Yield: 61.7 %; Mp.:
213-216 °C; IR (cm™): 3357 (v,,,,), 3286 (v,,,,), 3143
(V) 3000 (v,,,), 1673 (v ), 1526 (), 1329, 1147,
767, 724, 687, '"H NMR (400 MHz, DMSO-d,) &
12.88 (s, 1H, -C(S)NH-), 11.74 (s, 1H, -C(O)NH-),
7.84-7.75 (m, 4H, Ar H-2,3,5,6), 7.12 (s, 2H,
-SO,NH,-), 2.15-2.05 (m, 1H, cyclopropyl H-1),
1.00- 0.88 (m, 4H, cyclopropyl H-Zeq, 2. 3eq, 3, ) LC-
MS, m/z = 301 [M+2]; Anal. Calcd. for C, H,,N,O,S,:
C,44.13;H,4.38;N, 14.04; O, 16.03; S, 21.42; Found:
C,44.19; H, 4.41; N, 14.09; S, 21.48.
4-Bromo-3-(3-(Cyclopropanecarbonyl)thiou-
reido)benzoic acid (2.7). Yield: 30.6 %; Mp.: 163-
166 °C; IR (cm™): 3191 (v,,,), 3012 (v(,,,), 1694
(Vo) 1527 (3,,), 1417,1243, 1169, 1097, 937, 823,
763, 716, 673; 'H NMR (400 MHz, DMSO-d,) &
13.13 (s, 1H, -C(S)NH-), 11.60 (s, 1H, -C(O)NH-),
8.53 (s, 1H, Ar-6), 7.80 (d, J = 8.4 Hz, 1H, Ar-3),
7.37 (dd, J = 8.5, 2.0 Hz, 1H, Ar-4), 2.14-2.05 (m,
1H, cyclopropyl H-1), 0.98-0.80 (m, 4H, cyclopropyl
H-Zeq, 2. Seq, 3,): LC-MS, m/z = 344 [M+1]; Anal.

Calcd. for C ,H,,BrN,O,S: C, 42.00; H, 3.23; Br,
23.28; N, 8.16; S, 9.34; Found: C, 42.09; H, 3.31;
Br, 23.34; N, 8.23; S, 9.38.

N-((2-Methoxyphenyl)carbamothioyl)cyclo-
butanecarboxamide (2.8). Yield: 52.5 %; Mp.: 153-
156 °C; IR (cm™): 3257 (v,,,,), 2984 (v, ,,), 1691 (V)
1599 (v..), 1519 (3,,), 1445, 1359, 1310, 1244,
1222, 1179, 1145, 1025, 848, 746; *H NMR (400
MHz, DMSO-d,), 8: 12.89 (s, 1H, -C(S)NH-), 11.02
(s, 1H, -C(O)NH-), 8.64 (d, J = 8.1 Hz, 1H, Ar H-6),
7.23-7.07 (m, 1H, Ar H-4), 6.99 (d, J = 8.1 Hz, 1H,
ArH-3),6.92 (t, J=7.7 Hz, 1H, Ar H-5), 3.93 (s, 3H,
CH,), 3.43 (p, J=8.3 Hz, 1H, cyclobutyl H-1), 2.30-
2.17(m, 2H, cyclobutylH-4_, 2,2 .4, ), 2.05-1.82
(m, 2H, cyclobutyl H-3,, 3,); LC-MS, m/z = 265
[M+1]; Anal. Calcd. for C ,H,N,O,S: C, 59.07; H,
6.10; N, 10.60; S, 12.13; Found: C, 59.13; H, 6.15;
N, 10.66; S, 12.18.

N-((2-Methoxyphenyl)carbamothioyl)cyclo-
pentanecarboxamide (2.9). Yield: 62.1 %; Mp.:
141-143°C; IR (cm™): 3195 (v,,,,), 2934 (v, ,,), 1682
(Vo) 1601 (v.), 1537 (3,,), 1350, 1315, 1223,
1146, 1025, 843, 744; *H NMR (400 MHz,
DMSO-d,), 8:12.87 (s, 1H, -C(S)NH-), 11.14 (s, 1H,
-C(O)NH-), 8.65 (d, J=8.0 Hz, 1H, Ar H-6), 7.14 (t,
J=7.7Hz, 1H, Ar H-4), 6.99 (d, J= 8.1 Hz, 1H, Ar
H-3), 6.92 (t, J = 7.7 Hz, 1H, Ar H-5), 3.92 (s, 3H,
CH,), 3.00 (p, J = 8.1 Hz, 1H, cyclopentyl H-1),
1.95-1.44 (m, 8H, cyclopentyl H-Seq, ZEq, ST 3eq,
4. 3,0 4,); LC-MS, m/z = 279 [M+1]; Anal. Calcd.
for C H,N,O,S: C, 60.41; H, 6.52; N, 10.06; S,
11.52; Found: C, 60.47; H, 6.57; N, 10.21; S, 11.58.

N-((2-Chlorophenyl)carbamothioyl)cyclopen-
tanecarboxamide (2.10). Yield: 67.6 %; Mp.: 113-
115 °C; IR (cm™): 3189 (v,), 2949 (v_.,), 1688
(Vo) 1587 (3,,), 1529, 1329, 1237, 1154, 728; 'H
NMR (400 MHz, DMSO-d,), 6: 12.76 (s, 1H, -C(S)
NH-), 11.41 (s, 1H, -C(O)NH-), 8.25 (d, J = 8.1 Hz,
1H, Ar H-6), 7.42 (d, J = 8.0 Hz, 1H, Ar H-3), 7.28
(t, J=7.7 Hz, 1H, Ar H-5), 7.18 (t, J = 7.7 Hz, 1H,
Ar H-4), 2.98 (p, J = 7.8 Hz, 1H, cyclopentyl H-1),
1.92-1.49 (m, 8H, cyclopentyl H-5,s 204 S0 20 3egr
4., 3,0 4,); LC-MS, m/z = 283 [M+1]; Anal. Calcd.
for CH,CIN,OS: C, 55.22; H, 5.35; N, 9.91; S,
11.34;

The general method of N-(2-aroyl-(hetaroyl-)
hydrazine-1-carbonothioyl)cycloalkylcarboxamides
(3.1-3.8) synthesis. To the solution of corresponding
0.01 mol of cycloalkylcarbonyl chlorides (1.1-1.3)
in 20 mL of acetonitrile 0.76 g (0.01 mol) of
ammonium isothiocyanate was added and stirred
at 80 °C for 30 min. The mixture was cooled down
to r.t. and 0.01 mol of corresponding hydrazides
was added and stirred at 80 °C for 90 min. The
solution was cooled down, poured into the water
and formed precipitate was filtrated, dried and
recrystallized from methanol.
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N-(2-(2-Phenoxyacetyl)hydrazine-1-carbo-
nothioyl)cyclopropanecarboxamide (3.1). Yield:
70.3%; Mp.: 194-195 °C; IR (cm™): 3286 (v,,,,), 3143
(Vi) 3000 (v,,,), 1650 (v..), 1549 (3,,), 1472,
1441, 1394, 1224, 1158, 1036, 935, 885, 836, 749,
668, 628; 'H NMR (400 MHz, DMSO-d,) 6 12.62
(br.s, 1H,-C(S)NH-), 11.77 (s, 1H, -C(O)NH-), 10.73
(br.s. 1H, -HNNHC(0O)-), 7.27 (t,J = 7.8 Hz, 2H, Ph
H-3,5), 6.99-6.91 (m, 3H, Ph H-2,4,6 ), 4.65 (s, 2H,
-CH,OPh), 2.12-2.03 (m, 1H, 1H, cyclopropyl H-1),
1.01-0. 88 (m, 4H, cyclopropy! H-2.. 2, 3. 3.
LC-MS, m/z = 294 [M+1]; Anal. Calcd. for
C,,H,.N.O,S: C,53.23;H,5.15; N, 14.32; S, 10.93;
Found: C, 53.27; H, 5.19; N, 14.35; S, 10.99.

N-(2-(2-(Phenylthio)acetyl)hydrazine-1-carbo-
nothioyl)cyclopropanecarboxamide (3.2). Yield:
76.5%; Mp.: 187-188 °C; IR (cm™): 3485 (v,,,,), 3308
(V) 2931 (v,,,,), 1680 (v..), 1643 (3,,), 1436,
1386, 1213, 1156, 873, 738, 670; *H NMR (400
MHz, DMSO-d,)  12.69 (br.s, 1H, -C(S)NH-), 11.68
(s, 1H, -C(O)NH-), 10.99 (br.s, 1H, -HNNHC(O)-),
7.40 (d, J=7.7 Hz, 2H, Ph H-2,6), 7.28 (t, J = 7.7
Hz, 2H, Ph H-3,5), 7.17 (t, J = 7.4 Hz, 1H, Ph H-4),
3.76 (s, 2H,-CH,SPh), 2.10-2.01 (m, 1H, cyclopropyl
H-1), 0.99-0. 86 (m, 4H, cyclopropyl H-2_, 2, 3_,
3,0 LC-MS, m/z = 310 [M+1]; Anal. Calcd. for
C.H,N.0,S,:C,50.47;H,4.89; N, 13.58; S, 20.72,
Found: C, 5051 H, 4.91; N, 13.54; S, 20.76.

N-(2-Isonicotinoylhydrazine-1-carbonothioyl)
cyclopropanecarboxamide (3.3). Yield: 72.1 %; Mp.:
182-186 °C; IR (cm™): 3486 (v,,,), 3234 (v,,), 3121
(V) 2846 (v,,,), 1655 (v ), 1472 (5, ), 1217, 1162,
1113, 944, 910, 870, 734, 674; *H NMR (400 MHz,
DMSO-d,) 8 12.27 (s, 1H, -C(S)NH-), 11.80 (s, 1H,
-C(O)NH-), 11.20 (s, 1H, -HNNH-C(0)-), 8.70 (d, J
= 5.3 Hz, 2H, Pyr H-3,5), 7.80 (d, J = 5.1 Hz, 2H,
Pyr H-2,6), 2.15-2.06 (m, 1H, cyclopropyl H-1),
1.03-0.90 (m, 4H, cyclopropy! H-26q, 2. Beq, 3.
LC-MS, m/z = 265 [M+1]; Anal. Calcd. for
C,H,,N,0,S:C,49.99;H,4.58; N, 21.20; S, 12.13;
Found: C, 50.03; H, 4.60; N, 21.16; S, 12.18.

N-(2-(2-Aminobenzoyl)hydrazine-1-carbono-
thioyl)cyclobutanecarboxamide (3.4). Yield: 32.9 %;
Mp.: 201-202 °C; IR (cm™): 3492 (v,,)), 3352 (v,,,),
3193 (v,,), 2931 (v,,,), 1677 (v ), 1618 (5,,,), 1497,
1417, 1246, 1153, 734, 694; 'H NMR (400 MHz,
DMSO-d,) 6 12.52 (s, 1H, -C(S)NH-), 11.32-11.16
(br.s, 2H, -C(O)NH-, -HNNH-C(O)-), 7.54 (d, J =
7.9 Hz, 1H, Ar H-6), 7.16 (t, J = 7.7 Hz, 1H, Ar H-4),
6.73 (d, J =8.3 Hz, 1H, Ar H-3), 6.54 (t, J = 7.5 Hz,
1H, Ar H-5), 5.31 (d, J = 4.5 Hz, 2H, -NH,), 3.41
(p, J = 8.4 Hz, 1H, cyclobutyl H-1), 2.37-2.09 (m,
4H, cyclobutyl H-4eq, Zeq, 2,.4.),2.07-1.83 (m, 2H,
cyclobutyl H- 3,43 s LC-MS, m/z =293 [M+1]; Anal.
Calcd. for C13H16N4OZS C,53.41;H,5.52; N, 19.16;
S, 10.97; Found: C, 53.47; H, 5.59; N, 19.21; S,
11.03.

N-(2-(2-Aminobenzoyl)hydrazine-1-carbono-
thioyl)cyclopentanecarboxamide (3.5). Yield:
55.6 %; Mp.: 195-197 °C; IR (cm™): 3487 (v,,,,), 3349
(Vi) 3203 (v,,), 2941(v,,,), 1679 (v.), 1493 (3,,)),
1427,1252,1217, 1157, 1048, 970, 932, 901, 870,
842, 734, 692, 661, 643, 608; *H NMR (400 MHz,
DMSO-d,) 6 12.53 (s, 1H, -C(S)NH-), 11.44-11.28
(br.s, 2H, -C(O)NH-, -HNNH-C(O)-), 7.54 (d, J =
8.0 Hz, 1H, ArH-6), 7.15 (t, J = 7.7 Hz, 1H, Ar H-4),
6.72 (d, J=8.3Hz, 1H,ArH-3), 6.53 (t, J = 7.5 Hz,
1H,ArH-5),5.38 (d, J=4.5Hz, 2H, -NH,), 3.03-2.93
(m, 1H, cyclopentyl H- 1) 1. 96 1. 55 (m, 8H, cyclo-
pentyIH5 20 O 20 Beg Aoy W 4,01 LC-MS,
m/z = 307 [M+1] Anal Calcd forC HN,0,S: C,
54.88;H,5.92; N, 18.29; S, 10.46; Found C, 54.96;
H, 5.98; N, 18.32; S, 10.38.

N-(2-(2-Aminobenzoyl)hydrazine-1-carbono-
thioyl)cyclohexanecarboxamide (3.6). Yield:
44.9 %; Mp.: 213-216 °C; IR (cm™): 3225 (v,,), 3009
(Veo)s 1694 (v ), 1527 (5,,), 1417, 1243, 1169,
1097, 937, 823, 763, 716, 673; *H NMR (400 MHz,
DMSO-d,) 6 12.62 (s, 1H, -C(S)NH-), 11.34-11.21
(br.s, 2H, -C(O)NH-, -HNNH-C(O)-), 7.52 (d, J=8.0
Hz, 1H, Ar H-6), 7.15 (t, J = 7.7 Hz, 1H, Ar H-4),
6.72 (d, J=8.3 Hz, 1H, Ar H-3), 6.53 (t, J = 7.5 Hz,
1H,ArH-5),5.30 (d, J=4.5Hz, 2H, -NH,), 2.60-2.46
(m, 1H, cyclohexyl H-1), 1.92-1.74 (m, 4H, cyclo-
hexyl H-2,., 6., 2., 6 .0» 1.51-1.14 (m, 6H, cyclo-
hexylH-3, 5., 3, Sax, oqr 4 LC-MS, m/z =321
[M+1]; Anal. Calcd. for C15H20N4OZS C, 56.23; H,
6.29; N, 17.49; S, 10.01; Found: C, 56.20; H, 6.31;
N, 17.42; S, 9.97.

N-(2-(2-Methylfuran-3-carbonyl)hydrazine-1-
carbonothioyl)cyclohexanecarboxamide (3.7).
Yield: 84.3 %; Mp.: 183-187 °C; IR (cm™): 3176
(Vy) 3030 (v,,), 2926 (v.,,), 2851, 1538 (v ),
1519 (3,,), 1445, 1209, 1184, 1157, 1136, 1074,
1026, 941, 900, 875, 751, 737, 716, 688; *H NMR
(400 MHz, DMSO-d,) 6 12.36-12.30 (br.s, 1H, -C(S)
NH-), 11.29 (s, 1H, -C(O)NH-), 10.32 (br.s, 1H,
-HNNHC(0)-), 7.32 (d, J = 2.0 Hz, 1H, Furyl H-5),
6.83 (d, J = 2.1 Hz, 1H, , Furyl H-4), 2.53 (s, 3H,
-CH o) 1.85-1.60 (m, 5H, cyclohexyl H-1, 2_, 6,

2.6 ) 1.42-1.14 (m, 6H, cyclohexyl H-3_, 5,
3.5 4_);); LC-MS, m/z = 310 [M+1] Anal

caélccfxfor C,H, N,0,S:C,54.35; H,6.19; N, 13.58;
S, 10.36; Found: C, 54.29; H, 6.12; N, 13.54; S,
10.40.

Molecular docking. Research was conducted
by flexible molecular docking, as an approach of
finding molecules with affinity to a specific biological
target. Macromolecular data were downloaded from
the Protein Data Bank (PDB) namely, the crystal
structures of human carbonic anhydrase Il (PDB
ID — 3HS4) [16].

Ligand preparation. Substances were drawn
using MarvinSketch 20.6.0 and saved in mol format

==}
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[17]. After that they were optimized by program
Chem3D, using molecular mechanical MM2 algo-
rithm and saved as pdb-files. Molecular mechanics
was used to produce more realistic geometry values
for most organic molecules, owing to the fact of
being highly parameterized. Using AutoDock-
Tools-1.5.6 pdb-files were converted into PDBQT,
number of active torsions was set as default [18].

Protein preparation. PDB files were downloaded
from the protein data bank. Discovery Studio v
19.1.0.18287 was used to delete water molecules
and ligands. Structures of proteins were saved as
pdf-files [19]. In AutoDockTools-1.5.6 polar hydro-
gens were added and saved as PDBQT. Grid box
was set as following: center_x = -5.75, center_y =
3.36, center_z = 13.47, size_x = 20, size_y = 20,
size_z = 20 for human carbonic anhydrase II; Vina
was used to carry docking [18]. For visualization
Discovery Studio v 19.1.0.18287 was used.

Study of the effect of compounds on the ex-
cretory function of the kidneys. The experiment was
performed on 126 white male Wistar rats weighing
120-170 g, which were kept in standard conditions
of the vivarium of the State Medical Institution of
the Ministry of Health of Ukraine. Experimental
studies were performed in accordance with the
“General Ethical Principles of Animal Experiments”
(Ukraine, 2001), the provisions of the “European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purpo-
ses” (Strasbourg, 1986) [20]. Screening of the new
synthesized compounds, in order to identify diuretic
properties in a few disubstituted derivatives of
thioureas and thiosemicarbazides, was carried out
according to the generally accepted method of
E. B. Berkhin [21, 22]. Prior to the experiment, the
animals were kept without food for three hours. The
diuretic effect of the compounds was studied under
liquid load at the rate of 5 ml per 100 g of animal
weight. The test compounds were administered to
rats once intragastrically at a doses of 2.6 mg/kg
body weight as an aqueous suspension simulta-
neously with the water load. Animals were placed

O
( s

HN_< R Method A
-
HN4< ;
2.1-2.10

n=1-3, R=2-MeO, 2-Cl, 4-COOH, 3-COOH,
2,5-(COOMe),, 4-SO,NH,, 6-Br-3-COOH

in individual cages for urine collection during three
hours. “Hypothiazide” and “Furosemide” in equiva-
lent doses for rats were selected as the reference
drugs [23].

The obtained data were statistically processed
using the software package Statistica 6.1 (StatSoft
Inc., serial number AGAR909E415822FA). The
arithmetic mean values (M) and their errors (xm)
were calculated. The probability of intergroup diffe-
rences was determined using Student's parametric
t-test and one-way analysis of variance (ANOVA).
The differences were considered statistically signi-
ficant at a value of p<0.05 [24].

RESULTS AND DISCUSSION. Unknown sub-
stituted acylthioureas (2.1-2.10) were obtained by
the method [25], which consisted in the sequential
addition to cycloalkylcarbonyl chlorides (1.1-1.3) of
equimolecular amounts of ammonium isothiocyanate
and substituted anilines (Scheme). Substituted
acylthiosemicarbazides (3.1-3.7) were also
synthezised by a similar method, namely by the
interaction of the starting compounds 1.1-1.4 with
carboxylic acid hydrazides. The reaction was carried
out through intermediate cycloalkylcarbonylisothio
cyanates, which easily undergo the nucleophilic
addition reaction with anilines or hydrazides. In this
case, the target products were formed with a yield
of 30.6-84.3 %.

N-(R-phenylcarbamothioyl)cycloalkylcarbo-
xamides (2.1-2.10) and N-(2-aryl-(hetaryl-)hydra-
zine-1-carbonothioyl)cycloalkylcarboxamides
(3.1-3.8) are light yellow crystalline substances,
practically insoluble in water, soluble in aqueous
solutions of sodium (potassium) hydroxides,
alcohol, dioxane and DMF.

The LC-MS using positive-ion atmospheric
pressure chemical ionization (APCI) show the
appropriately molecular ions, which confirms the
expected molecular weights of compounds 2.1-2.10
and 3.1-3.8. In addition, the data of *H NMR spectra,
show the characteristic singlet signals of protons of
thioamide (-NHC(S)-) and amide (-NHC(O)-) groups

O
b M
(ﬁ <O Method B /NH

Cl
1.1-1.5

HN
3.1-3.8 \C—R
/ 1

n=1-4; RlzphOCHz', PhSCHz-,
2-NH,CgHg4, 2-Me-furyl-3, pyridyl-4

Method A: NH,SCN; MeCN, 80 °C, 30 min; R-CgHsNH,, MeCN, 80 °C, 1,5 h;
Method B: NH,SCN; MeCN, 80 °C, 30 min; R-CONHNH,, MeCN, 80 °C, 1,5h

Scheme. One-pot synthesis of N-substituted cycloalcylcarbonylthioureas and thiosemicarbazides.
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at the 13.13-12.71 ppm and 11.74-11.02 ppm,
respectively, thatindicate in favor of the formationof
substituted cycloalkylcarbonylthioureas (2). Whe-
reas, signals of three proton signals of thioamide
(-NHC(S)-), amide (-C(O)NH-) and hydrazide
(-HNNHC(O)-) groups were recorded in the weak
field part of the spectrum, namely at the 12.69—
12.27 ppm, at the 11.80-11.29 ppm and at the
11.20-10.32 ppm, respectively in case of the
substituted cycloalkylcarbonylthiosemicarbazides
(3). The last two proton signals for compounds
3.4-3.6 in most cases appear together in the form
of expanded singlets at the 11.44-11.16 ppm. The
'H NMR spectra of the compounds the signals of
the methine proton (H-1) of cyclopropane (com-
pounds 2.1-2.7, 3.1-3.3) and cyclohexane (3.6,
3.7) fragment were also as a triplet of triplet or
multiplet at the 2.16-2.03 ppm and multiplet at the
2.6-1.86 ppm, respectively. Whereas, the signals
of methine protons (H-1) of cyclobutane (2.8, 3.4)
and cyclopentane (2.9, 2.10, 3.5) appear in the form
of a pentene at the 3.43 ppm, 3.41 ppm and
3.0 ppm, 2.98 and 3.00 ppm, respectively. Signals
of equatorial and axial protons of methylene groups
in all cases were shown as multiples in a wide range
of strong magnetic field. In addition, proton signals
were presentin the 1H NMR spectra of compounds
2 and 3, which characterize the nature of anilide
and aryl (hetaryl) hydrazide fragments [26].

In the IR spectra of compounds 2 and 3 bands
of valence oscillations of the associated NH groups
in the region 3744-3004 cm, were characteristic
which indicate the presence of amides in the mo-

lecule. In addition, the compounds were characte-
rized by oscillations of vCO (S)-groups (band
“Amide I") at the 1694—1538 cm™ and mixed valen-
ce-strain oscillations of NH and CN (“Amide 11”)
bonds at the 1643-1472 cm™. Along with the key
oscillation bands, compounds 2 and 3 were cha-
racterized by low-intensity oscillations vC = C-bond
of the aromatic ring at the 1486-1424 cm™, non-
planar oscillations y (=C-H) at the 850-666 cm*
and intense bands of symmetrical and antisymmetric
oscillations of vCH, groups and indicate the
presence of cycloalkyl fragments at the 3012—
2846 cm™ [27].

The results of the biological experiment showed,
(Table 1) that N-substituted cycloalkylcarbonylureas
(2.1-2.10) have different effects on the excretory
function of the kidneys. Thus, compounds 2.3 and
2.6 containing “pharmacophore” groups charac-
teristic of diuretics (carboxyl and sulfamide groups,
respectively) inhibit the diuretic effect under water
load. As for compounds 2.4, 2.7 and 2.8, they were
also characterized by a slight diuretic effect (3.40—
17.00 %), despite the fact, that their molecules
include a carboxyl group. Higher diuretic activity
was characteristic for compounds 2.2, 2.5, 2.8-2.10,
which increase diuresis by 17.00-33.60 %.

Urinary indicators on the background of these
compounds exceeded the indicators of the com-
parison drug Furosemide by 2.30-16.30 %. Interes-
tingly, the most active compounds (2.2, 2.5) were
cyclopropane-carbonylthioureides and contain
2-chlorophenyl (2.2) and 2,5-dimethylcarboxyl (2.5)
fragments in the molecule. Compound 2.10, which

Table 1 — The effect of the synthesized compounds and reference drugs on the process of urination
in intact rats under water load with a single injection (M+m, n=6) and molecular docking results

Diuresis Influence on the process Affinity (k(?allmol) to human
Ne Groups mL/100 g of urination. % carbonic anhydrase I
' (PDB ID — 3HS4)

1. Control 3.48+0.09 - -

2. Furosemide 4.09+0.11* 17.50 -6.6

3. Hydrochlorothiazide 5.39+0.07* 54.90 -6.6

4. 21 3.66+0.19 5.17 -6.7

5. 2.2 4.65+0.09* 33.60 -7.2

6. 23 2.87+0.08* -17.50 -6.6

7. 24 3.60+0.20 3.40 -6.9

8. 25 4.47+0.29* 28.40 -6.1

9. 2.6 2.79+0.08* —19.80 -6.4

10. 2.7 3.82+0.08* 9.80 -7.0

11. 2.8 4.07+0.02* 17.00 -6.4

12. 2.9 4.17+0.04* 19.80 -6.5

13. 2.10 4.24+0.11* 21.80 -6.7

14. 31 3.87+0.39 11.20 -6.6

15. 3.2 5.17+0.08* 48.60 -6.9

16. 3.3 3.66+0.20 5.20 -6.5

17. 34 3.99+0.10% 14.00 -7.5

18. 35 3.48+0.10 0 -7.5

19. 3.6 3.56+0.11 2.30 -7.9

20. 3.7 4.07+0.14* 17.00 -6.5

Note. Significant changes in control (p<0.05); n is the number of animals in the group.

ISSN 2410-681X. MenuuHa Ta KiaiHiuHa Ximisa. 2020. T. 22. Ne 2



was a cyclopentanecarbonylthioureide derivative
and contains a 2-chlorophenyl substituent in its
structure, also has a significant diuretic effect
(21.80 %).

Speaking about N-substituted cycloalkylcarbo
nylsemicarbazides (3.1-3.8). Most of them (3.1, 3.3,
3.4-3.7) showed a slight diuretic effect (0-17.0 %),
while inferior to furosemide. While compound 3.2
increased diuresis by 48.6 %, approaching the effect
of Hydrochlorothiazide (54.90 %). Importantly, com-
pound 3.2 was also a cyclopropanecarbonylthiose
micarbazide with a phenylthioacetyl moiety in the
molecule.

Itis known that thiazide and loop diuretics with
a sulfamide moiety in the molecule act as excellent
zinc-complexing groups in the active site of CA Il
[4]. This is associated with responsibility for all
physiological effects of this group of diuretics. With
this in mind, we performed a molecular docking of

this enzyme to elucidate the probable mechanism
of action of compounds 2 and 3. The results of the
studies showed (Table 1) that most compounds are
not inferior to CA Il in the level of affinity, and in
some cases exceed (compounds 2.2, 2.4, 2.7. 3.2,
3.4-3.6) reference drugs. This fact, as well as the
structural features (ability to complex) of the studied
compounds served as a basis for a more detailed
definition of the main types of interactions with
amino acid residues of CA Il

The main types of interactions of synthesized
compounds 2, 3 and pharmacological standards
with amino acid residues of carbonic anhydrase Il
are presented in table 2. Data analysis showed that
the studied compounds and standard drugs have
a large number of hydrogen bonds, 1t-halogen,
1i-sulfur, hydrophobic bonds with amino acid resi-
dues and coordination with the zinc cation CA II.
Thus, the visualization of Hydrochlorothiazide with

Table 2 — The main types of interactions of synthesized compounds and pharmacologic
standards with amino acid residues of carboanhydrase Il

The main interactions types between compounds, pharmacological standards
Compd. . . .
and amino acid residues of enzymes

Hydrochlorothiazide |THR200%, THR1994ZN301E, GLN928, HIS96¢, HIS119¢, VAL1218, VAL1438, LEU1985,
HIS948, VAL121°¢, LEU198®8

Furosemide THR1994, THR1994, LEU198%, GLN92A, HIS94¢, PHE1318, VAL121®, LEU1418, VAL1438,
LEU1988, VAL1218, LEU1988, ILE91®

2.1 THR1994, THR2004, THR200%, THR200®, HIS948, VAL128, VAL14 B, LEU1988, HIS948,
HIS1198 TRP2098, ALAG®

2.2 THR2004, HIS944, HIS948, ALAG658, VAL1218, LEU1988, HIS948, HIS968, PHE1318,
VAL1218 VAL143®, LEU198®

2.3 THR1994, THR2004, HIS94°, LEU1988, HIS94", ALAG5®, HIS948, HIS968, VAL1218

2.4 ASNG624, ASN674, THR200A, THR2004, THR199%, ZN3018, HIS948, ALAGSE, HIS948, HIS968,
VAL1218, LEU1988

25 THR2004, PRO201A, ASN62A, THR2004, PHE131°, VAL1218, VAL1438, LEU1988, HIS948,
HIS1198, TRP2098

2.6 THR2004, THR1994, THR1994, HIS944, LEU198%, LEU1988, HIS94¢, HIS948, VAL1218

2.7 ASNG624, THR1994, THR200* THR200*, THR200*, LEU1988, HIS948, ALAG658, HIS948,
HIS968, VAL1218

2.8 THR199* THR200, THR200%, THR200*, ASN62# THR2004, VAL1218, VAL1438, LEU1988,
HIS948, HIS1198 TRP2098

2.9 ASN62#, THR200A, THR2008, HIS94®, VAL1218, VAL1438, LEU1988, HIS948, HIS1198,
ALAGS®E

2.10 GLN92A, HIS944, ASN624, THR200#, HIS948, VAL1218, VAL1438, LEU1988, TRP58, HIS648,
HIS948, HIS1198 ALAG5B,

3.1 THR200%, THR2004, ZN301P, TRP5¢, TRP5€, HIS948, ALAG5E, HIS948, VAL1218, VAL1438,
LEU1988

3.2 GLN924, THR1994, THR2004, THR2004, ZN301F, PHE1318, VAL1218, VAL1438, LEU1988,
HIS948, HIS1198 TRP2098, ILE9'B

3.3 THR1994, ZN301°, LEU1988, HIS948, ALAG658, HIS948, HIS968, VAL1218, VAL1438

3.4 GLN92%, THR200%, THR200%, THR2004, THR1994, LEU1988, HIS948, ALAG658, HIS948,
HIS968, VAL1218, VAL1438

35 GLN924, THR200%, THR1994, THR200%, ZN301°, LEU1988, HIS948, ALA658, HIS948,
HIS968, VAL121B, VAL1438

3.6 THR200%, THR200%, ASN674, THR1994, THR2004, ZN301°, HIS94A LEU1988, HIS94",
HIS648, VAL1218, VAL143®

3.7 GLN92A, GLN92*, ASN62# THR2008, HIS948, VAL1218, LEU1988, TRP58, HIS64%, ALA65B

Notes. A — Hydrogen Bond; B — Hydrophobic, C — Halogen (mt-sulfur), D — Electrostatic, E — Metal-Acceptor.
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the active site of CA Il (Fig. 1, A) revealed the pre-
sence of two hydrogen bonds of the sulfamide group
with amino acid residues THR200A (2.14A),
THR199A (2.39A), hydrophobic Tt-interactions of
the aromatic fragment with amino acid residues
GLN92B (4.17A), VAL121B (4.96A), Tt-interactions
of Oxygen and Sulfur of sulfamide group and
Chlorine with VAL143B (4.24A), VAL143B (5.07A),
HIS96C (5.37A), HIS94B (5.48A), HIS119C (5.07A),
LEU198B (4.67A), VAL121B (3.84A), LEU198B
(4.67A), VAL121B (4.96A), LEU198B (4.67A). In
addition, the active site has a coordination link of
the sulfamide group Hydrochlorothiazide with the
zinc cation CA Il (ZN301E 2.62A).

Visualization of the results of the molecular
docking of compound 2.2 indicates, that it has a
similar docking with CA Il (Fig. 1, B). First, due to
hydrogen bonds of amide groups with amino acid
residues THR200A (2.24A and 3.26A), HIS94A
(2.24A), hydrophobic Ti-interactions of the aromatic
moiety with LEU198B (4.78A), VAL143B (5.16A),
HIS94B (4.77A), T-interactions of the Chlorine atom
with LEU198B (4.69A), VAL121B (3.63A), PHE131B
(5.38A). Second, compound 2.2 is characterized

¥ A
2§38922 423952
2,00
100.
0,00
-1,00

2,00
3,00

C

by tt-alkyl bonds (hydrophobic interactions of the
cyclopropyl moiety) with ALA65B (3.56A) and
HIS96B (5.21A).

At that time, the analysis of the molecular
docking of CA Il with compound 3.2 (Fig. 1, C, D)
showed better results. Thus, in this case, more
interactions were predicted: four hydrogen bonds
of amide groups with amino acid residues: GLN92A
(3.61A), THR199A (3.08A), THR200A (2.80A),
THR200A (1.90A), hydrophobic Tt-interactions of
the aromatic moiety with ILE91B (5.28A) and
PHE131B (4.03A). rt-alkyl bonds of the cyclopropyl
moiety with VAL143B (3.98A), HIS94B (5.21A),
HIS119B (5.38A) and TRP209B (5.36A) were also
observed. In addition, compound 3.2, as well as
Hydrochlorothiazide, was characterized by a
coordination bond of the amide group of the
molecule with the zinc cation CA Il (ZN301E 2.22A).
In our opinion, the presence of similar interactions
of CAll with compound 3.2 and the pharmacological
standard and provides high diuretic activity.

CONCLUSIONS. The developed and imple-
mented strategy of searching for diuretics among

B
3.08
- \ 1.902.80 HIS
A:S1 " JRP o
PHE THR THR A:209
A:131 A:200 A:199
Interactions
[[] conventional Hydrogen Bond [ Awvt
[[] Metal-Acceptor [ Pioad
Bl PPistecked D

Fig. 1. Types of the ligand — enzyme interactions according to visualization of docking study: A) Hydrochlorothiazide with

CA 1l 3D; B) compound 2.2 with CA 11 3D, C) compound 3.2 with CA Il 3D; D) compound 3.2 with CA Il 2D.
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cycloalkylcarbonyl thioureas and thiosemicarbazides
derivatives has revealed an effective compound
(3.2), which is close to the reference drug “Hydro-
chlorothiazide” in terms of diuretic effect. Importantly,
according to the results of molecular docking, the
synthesized compounds as well as the reference
drugs have a similar mechanism of action (carbonic
anhydrase Il inhibitors). Importantly, the results of
molecular docking synthesized compounds, as well
as reference drugs have a similar mechanism of
action (carbon dioxide anhydrase Il inhibitors). It is
likely, that the pronounced diuretic effect of a few
compounds is associated with the ability of sub-
stituted thioureas to form coordination bonds with
the zinc cation in the active site of CA Il. The
obtained results substantiate the further purposeful
search for potential diuretics among this class of
compounds.

Pospects of further research. The results of
the studies have confirmed the presence of a
diuretic effect in substituted thioureas and reveal
prospects for further study of their effects on the
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0. B. XonopgHsk*, K. B. CokonoBa?, C. . KoBaneHko?, O. A. MignneTHs?
3AMOPI3bKVN AEPKABHVV MEANYHVV YHIBEPCUTET!
AHIMPOMNETPOBCHKA MEANYHA AKALEMIA MO3 YKPAIHW?

CITPSIMOBAHU IOINYK CITO/TYK, IT[0O BIVIMBAFOTH HA BU/IUTbHY
®YHKIIIIO HUPOK LI YPIB, CEPE/l HOBUX ITOXIJTHNX
IHNKJ/IOAJIKIVIKAPBOHIVITIOCEYOBHH I TIOCEMIKAPBA3U/IIB

Pestome

Bcmyn. Tpusasie 3acmocysaHHs1 diypemukis, 0Co6/1UB0 Y BE/TUKUX 003ax, YUC/IEHHICMb [ MSKKICMb MO6IYHUX
eghekmis (BOOHO-en1ekmposiimHi U Memabos1iuHi MOPYUWEHHS), @ MaKoX BiIOHOCHO 06MeXeHa HOMEHK/1Iamypa iCHyo-
qux diypemuyHuUx 3aco6is OUKMYyHMb HEOOXIOHICMb MOWYKY HOBUX CrIO/IyK, SKi 6 Nposis/si/iu iypemuydHy dito, Masiu
Heck/1a0Hy mexHos102ito BUPO6HUYMBa ma 6y/1u 6i/1bW 6e3rneyHuUMU.

Mema 0docnidxeHHs — 30ilicHUMuU cripsimosaHull nowyk Oiypemukis ceped HesidoMux dudaMilyeHuUx mioce-
YOBUH | mioceMikapba3udis 3 BUKOpUCMAaHHAM Memooos102ii MOJIEKY/IIPHO20 OOKIH2y 0711 NOSICHEHHS IMOBIPHO20
mexaHismy Oil.

Memoou docnioxeHHs1. CmpyKmypu Yi/ibOBUX Cr1o/lyK 3arporioHOBaHo i3 3acmocysaHHAM rioxodis “drug-
design”, a came sBe0eHHsIM 00 MIOCeYOBUH | mioceMikapbasudis cmpykmypHUX (hpacMeHmis, xapakmepHuXx 07151
gidomux diypemuckis. 3amilyeHi YUKI0asKifIKapOOoHI/Imioce4oBUHU YU mioceMikapba3udu CUHMe308aHO OOHO-
peakmopHUM MemMOOOM 3 BUKOPUCMAHHSIM YUK/10&/1Ki/IKapbOHI/IX/10pudis, aMOoHilo i3omioyiaHamy ma 3amilyeHux
aHiniHis abo aiopasudis kapboHoOBUX KUc/1om. Bydosy cuHme30B8aHuUXx crio/lyk dosedeHo Mmemodamu 14-, *H SAMP-criek-
mpocKonii, xpomamomac-criekmpomempii ma esleMeHmHUM aHanisoM. CripsiMosaHuli MowyK Criosyk, Wo sr/iusaroms
Ha BUOI/IbHY ¢hyHKUIi0 HUPOK Wypi8, 30ilicCHEHO 3a 3a2a/lbHONPUUHSIMUM MemodoM €. b. BepxiHa 3 B0OHUM HaBaH-
makeHHsM. IMoBIipHUU MonekyisipHUll MexaHi3mM Oii nepedbaqeHo 3aB0sIKU MOJIEKY/ISIPHOMY OOKIH2Y.

Pe3ynibmamu Ui 062080peHHS1. OOHOpeakmopHa peakyisi YUK/10a/IKi/IKapOOHI/IX/10puodiB 3 EKBIMO/IEKY/ISPHOKO
Ki/ZIbKICMIO aMOHIt0 i3omioyiaHamy ma 3aMillyeHuUx aHifiiHis abo 2idpaszudis KapboHOBUX KUC/I0m fpusoouUms 00
3amilyeHUX YUKI0a/IKISIKapbOoHIImioce4o8UH Yu miocemikapbasudis. O62080peHO 6y308y CUHME308aHUX CrO/yK
3 BUKopucmarHsIM daHux 14-, 1H SIMP- i xpomamomac-criekmpis. JOC/1i0)eHHs B1/IUBY CUHMe308aHUX Cro/yK Ha
BUOI/IbHY (OYHKUIHO HUPOK WYpIB rnpu BOGHOMY HasaHmMaXXeHHi 003B80/1U/1U BUSIBUMU PSIO Cr10J1YK, SIKi 3a OlypemuyHoo
dieto nepesuwyroms hypocemio ma KOHKypytoms 3 2iopoxsiopmia3udoM. Pe3y/ismamu MOJIEKY/ISIPHO20 OOKIHaYy
rokasasu, wo 00C/iOXKyBaHi Crio/lyKu Mposie/isi/iu BUCOKY CrIOpiOHEHiCMb 00 kapboaHziopa3su Il i masu nodi6Hi cal-
mu 38’s13yBaHHSs1 3 pehepeHc-npenapamamu. 3asHaqyeHe skasye Ha UMosipHUl ix mexaHi3m Oil.

BucHosku. Po3pobsieHa ma peasizosaHa cmpameaisi nowyky diypemukis ceped 3aMillyeHUX YUK/10a/1Ki/IKap-
6OHI/IMmioce40B8UH i miocemikapba3udis 00380/1U/1a BUSIBUMU egheKmuBsHY crio/yky (3.2), sika 3a cu/10r ce402iHHO20
egpekmy Habniuxaemscsi 00 peghepeHc-npenapamy “Tidpoxsiopmia3ud”. Bax/iuso, wo, 32i0H0 3 pesy/ibmamamu
MOsIEKY/ISIPHO20 OOKIH_2Y, CUHMEe308aHi Crio/lyku, siK i pechepeHc-npenapamu, Marme Modi6Huli mexaHiam Oif (iHai-
6imopu kap6oaHaiopasu Il). ImosipHo, BupaxeHul diypemuyHull egpekm 00CiOXKyBaHUX Cro/yK nos’s3aHull 3i
30amHicmio 3amilyeHUX mioce4o8UH ymBoprosamu KOOpOUHayiliHi 38’13KU 3 KAMIOHOM YUHKY 8 akmuBHiIl OiIsiHYi
CA Il. OmpumaHi pe3sy/ibmamu 06rpyHmMosyroms nodasbwuli yinecrnpsmosaHull MOWyK NomeHyitiHux diypemukis
ceped yb020 K/1acy CriofyK.

KMHOUOBI C/NOBA: cuHTe3; LMKNoa/IKINIKapOOoOHiNTioceuoBMHU; TiocemMikap6a3naun; cnekTpasbHi AaHi;
MONEeKyNAPHUIA AOKIHT; Kap6oaHrigpasa Il; agiypeTuuHa gis.
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A. B. XonogHsik!, K. B. CokonoBa?, C. U. KoBaneHko?, A. A. MuanneTHsA?
3AMOPOXXCKUA FrOCYAAPCTBEHHbIA MEANUMHCKUA YHUBEPCUTET*
AHETIPOMNETPOBCKASA MEANUNHCKAS AKAAEMVIS MO3 YKPAUHBI?

HATIPAB/TIEHHBIHN ITOVICK COEJJUHEHW, BJIMSAIONINX HA BBIIE/JIUTE/IBHYHO
®YHKIINIO ITOYEK KPBIC, CPEIN HOBBIX ITPOU3BO/HBIX
INK/IOAJIKWIKAPBOHWITNOMOYEBH 1 THOCEMUKAPBA3N10B

Pe3stove

BcmynneHue. [1iumesibHoe rpuMeHeHuUe ouypemuKos, 0CO6eHHO 8 60/1bUIUX 003aX, YUC/IEHHOCMb U MSHKecmb
M0604YHbIX 3¢hgheKkMOB (BOOHO-3/1eKMPO/IUMHbIE U Memabosiudeckue HapyweHUs1), @ makxe 0mHoCcUmMe/ibHO 02pa-
HUYEHHasi HOMeHK/1amypa Cyuecmsyrowjux ouypemuyecKux cpedcms OUKmMym HeE06X00UMOCMb OUCKA HOBbIX
CcoeduHeHUl, komopsble 6bi NMPOSIB/S/IU BUypemuveckoe delicmaue, UMEe/IU HECIOXHYH MEXHO/I02UK Npou3800cmsa
u 6b11u 6onee 6e3onacHbIMU.

Lesb uccsiedoBaHusi — 0Cywecmsumb Harnpas/ieHHbIU MOUCK OUYPemuKoB cpedu Heu3BeCmHbIX dusaMewjeH-
HbIX MUOMOYEBUH U MUOCEMUKapP6a3udoB C UCMO/Ib308aHUEM MEMOOO0/1I02UU MOJIEKY/ISIPHO20 O0KUH2a 0/151 06bSIC-
HEHUS1 BO3MOXHO20 MexaHu3ma oelicmsusi.

MemoOdsbI uccsiedosaHuss. Cmpykmypbl Yesiesbix COeOUHEHUU rnpeosioXeHb! C MPUMeHeHUeM ooxodos “drug-
design”, a UMEeHHO BBEOEHUEM B MUOMOYEBUHbBI U mMUOCEMUKap6a3udbl CMpPyKmMypHbIX ghpacMeHmos, XapakmepHbIX
07151 U3BECMHbIX OUYPEeMUKOoB. 3aMelWeHHbIE YUK/I0a/TKU/IKapOOHU/IMUOMOYEBUHbLI U/IU MUOCeMUKap6a3udb! CUH-
me3upoBaHbl 00HOPeaKMOPHLIM MemMOoOOM C UCMO/b30BaHUEM YUK/I0a/IKU/IKapOOHU/IX/I0pUO0B, aMMOHUST U30muo-
yuaHama u 3aMeujeHHbIX aHU/IUHO8 U/iu 2udpal3uoos KapboHOBbLIX KUC/Iom. CmpoeHue CUHMe3UpoBaHHbIX CO-
eduHeHul 0okazaHo Mmemodamu VK-, *H SIMP-criekmpockomnuu, XpoMamo-Macc-crieKmpomMempuu U 3/1eMEHMHbIM
aHa/lu3oM. Harnpas/ieHHbIl MoucK coeduHeHud, B/IUSIOUUX Ha BbIOe/IUME/IbHYH (hYHKUUI MOYEK KPbIC, OCyUjecms-
JIeH M0 obwenpuHsimomy memody E. b. bepxuHa ¢ BOOHOU Hazpy3kol. BeposimHbili MOMEKY/ISIPHbIU MexaHU3M
delicmasusi nipedycMompeH 6/1a200apsi MO/IEKY/ISIPHOMY OOKUH2Y.

Pe3ynnbmamsbi u o6cyxoeHue. OOHOpeakmopHasi peakyusi YUK/10a/IKU/IKapOOHU/IX/I0PUOOB C 3KBUMOJIEKY-
JISIPHBIM KO/TUYECMBOM aMMOHUST UsomuoyuaHama U 3aMeueHHbIX aHU/IUHOB U/1U 2udpasudos KapboHOBbIX KUC/I0m
rpuBooUM K 3aMeUjeHHbIM YUK/I0a/IKU/IKapOOHU/IMUOMOoYeBUHaM U/Iu muocemMukapbasudam. ObcyxoeHo cmpoe-
HUEe CUHME3UpPOBaHHbLIX COeOUHEHUL C ucrosib3oBaHUeM 0aHHbIX VK-, *H SIMP- u xpomamomacc-criekmpos. Vic-
€/1e008aHUSs B/IUSIHUSI CUHME3UPOBaHHbIX COeOUHEHUU Ha BbIOe/IUmesibHyH (DYHKYUIO MOYEK KPbIC rpu BOOHOU
Hazpy3Ke 10380/1U/1U BbisiBUMb Psid coeduHeHUl, Komopble Mo duypemuyeckoMy delicmBsuro rnpesbiwarom Qypo-
CeMUuOQ U KOHKYPUPYM ¢ 2udpox/0pmuasudom. Pe3ysismambi MO/IEKY/ISIPHO20 O0KUH2a roKa3asiu, 4mo ucc/iedye-
Mbl€ COeOUHEHUST MPOsIB/IS/IU BbICOKOE CPOOCMBO K KapboaHaudpase Il u umesiu nodobHbIe calimbl CB53bIBaHUS C
pegepeHc-npenapamamu. OmmMeYyeHHOe yKasbiBaem Ha BePOsSIMHbIl UX MexaHu3m oelicmaus.

Bb1800bI. PazpabomaHHas u peasiusosaHHasi cmpameausi roucka ouypemukos cpeou 3aMeujeHHbIX YUK/I0-
a/IKU/IKapbOHU/IMUOMOYEBUH U MUOCEMUKaP6a3udos Mo3so/iusia B8bisiBUMb aghghekmusHoe coeduHeHue (3.2),
KOMOopOoe 110 cu/ie MOYE20HHO20 aghchekma npubsiuxaemcs K pechepeHc-rpenapamy “Tudpoxsiopmuasud”. BaxHo
mo, Ymo, coa/1IacHo pesy/ibmamam MO/IEKY/ISIPHO20 OOKUH2a, CUHMEe3UpPOBaHHbIe COeOUHEHUS, KaK U pechepeHc-rpe-
rnapamsal, UMEM CX00HbIU MexaHu3Mm delicmsusi (UH2ubumopbl kapboaHauopa3ss! 1l). BeposimHo, BbipaXeHHbIl
ouypemuuyeckuli aghghekm uccriedyemMbix COeOUHEeHUl casizaH CO CITIOCOBHOCMbIO 3aMeUe€HHbIX MUOMOYEBUH 06-
pas3oBbiBamb KOOPOUHAYUOHHbIE CBSI3U C KAMUOHOM YUHKa 8 akmusHOM yyacmke CA Il. [osty4eHHble pe3yibmamai
0b60ocHoBbIBarom dasibHelwul yeneHanpasneHHbIl MOUCK nomeHyuaibHbiX OUypemuKos8 cpedu 3moeo Kjacca
coeduHeHud.

KMHOUEBBLIE C/TIOBA: CMHTE3; LIMKNOAIKUIIKApOOHUITUOMOUEBMHDbI; TMOCEMUKAPGa3uAbl; CNeKTpasib-
Hble AlaHHble; MOJEeKYNAPHbIA AOKUHT; Kap6oaHruapasa ll; anypetuueckoe geiicteue.
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