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Abstract. Design and search for prospective diuretics (CA II Inhibitors) among aroylhydrazones of esters quinone
oxime using in silico and in vivo methodology. Sokolova K.V., Stavytskyi V.V., Konovalova S.O., Podpletnya O.A.,
Kovalenko S.I., Avdeenko A.P. The design and search for new selective inhibitors of CAIl with a Dbetter
pharmacological profile, which would cause minimal electrolyte disturbances in the body, remains an urgent problem of
medical chemistry and pharmacology today. It is important that the discovered new classes of inhibitors do not always
contain the main “pharmacophoric” function (sulfamide), which is characteristic of “classic” drugs (Acetazolamide,
Methazolamide, Ethoxzolamide, Dorzolamide and others), but are derivatives of phenols, polyamines,
coumarins/thiocoumarins, ureas, thioureas, hydroxamates, etc. These molecules also bind in the active site of the enzyme,
but do not interact directly with the catalytic zinc ion or interact through zinc-coordinated water molecules/hydroxide
ion. However, this leads to an increase in their selectivity and, as a result, pharmacological action. Continuing the search
for compounds that affect urination, we were interested in aroylhydrazones of esters of quinone oxime. Firstly, they are
characterized by certain structural features (dynamic and geometric isomerism),; secondly, they exhibit redox properties;
thirdly, the presence of aromatic fragments makes it possible to create a voluminous combinatorial library for analysis.
These compounds are ligands in complexation reactions, and an additional increase in the number of hydrogen acceptors
in the molecule due to structural modification will improve ligand-enzymatic interactions with carbonic anhydrase (CAII)
and, as a result, reveal new promising diuretics. The aim — design and search for potential diuretics (CA I inhibitors)
among aroylhydrazones of esters of quinone oxime using in silico, traditional synthesis and in vivo methodologies.
Methods of organic synthesis, physico-chemical methods of analysis of organic compounds (NMR H-spectroscopy,
elemental analysis). Prediction of affinity to the biological target, prediction of toxicity and lipophilicity of the
combinatorial library of benzohydrazides O-aroyl esters of quinone oxime using computer services. The study of
compounds affecting the excretory function of rat kidneys was carried out according to the generally accepted method of
E.B.Berkhin with water load. The investigation of the probable mechanism was carried out using flexible molecular
docking, as an approach to search for molecules that have affinity for human carbonic anhydrase type Il (CA I).
Macromolecular data of the crystal structure of CA Il (PDB ID — 3HS4) were downloaded from the Protein Data Bank
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(PDB). The design was developed and the search for diuretic agents among benzohydrazides of O-aroyl esters of quinone
oximes was developed using in silico methods (prediction of affinity, lipophilicity, toxicity and enzyme-ligand
interactions), traditional organic synthesis, and in vivo methods (effect on excretory function of rat kidneys). The synthesis
of benzohydrazides of O-aroyl esters of quinone oxime was carried out by the interaction of aroylhydrazines with 4-
[(aroylimino)]cyclohexa-2,5-dien-1-ones. The structure of the synthesized compounds was confirmed by elemental
analysis and '"H NMR spectra. Studies of the effect of synthesized compounds on the excretory function of rat kidneys
allowed us to identify a number of promising compounds among aroylhydrazones of quinonexime esters, which increase daily
diuresis by 54.2-352.8% compared to the control group. At the same time, it was established that the most active was N'-(4-[(2-
chlorobenzoyloxy)imino]cyclohexa-2, 5-dien-1-ylidene)-3-nitrobenzohydrazide, which increased daily diuresis by 352.8% in
comparison with the control group, while exceeding the effect of “Hydrochlorothiazide” (170.8%). The developed and
implemented strategy for the search for diuretics among benzohydrazides of O-aroylesters of quinone oxime allowed the
identification of an effective compound, which in terms of diuretic effect exceeds the comparison drug “Hydrochlorothiazide .
Visualization of the molecular docking of the active compounds showed that their geometry makes it difficult to place them in
the pocket of the active site of CA II, but the pronounced diuretic effect can also be associated with their ability to form
coordination bonds with the zinc cation. The obtained results justify the further targeted search for potential diuretics among
this class of compounds for a more detailed understanding and study of the mechanism of action.

Pedepar. [Iu3aiin Ta nmomyk nepcnekTuBHUX Aiyperukip (iniriditopie CA II) cepen apoiiarigpa3oHis ecrtepis
XiHOHOKCHMMY 3 BHMKOpHMCTaHHSIM in silico Ta in vivo wmertonoaorii. Cokxonosa K.B., CraBuubkuii B.B.,
KonoBanosa C.O., Ilonnaernsa O.A., Kopauenko C.I., ABaeenxo A.IL. [Jusaiin ma nowyx Hosux 6udipkosux
ineioimopie CA 11 i3 kpawum papmaronociunum npoinem, ski 6 UKIUKAIU MIHIMATbHI €1eKMPOTIMUYHI NOPYULEHHS. 6
OpeaHizmi, i HA CbO2OOHI 3ANUMAEMbCS AKMYAIbHOIO NPobeMolo MeduyHol Ximii ma ¢gapmakonozii. Bajcnuso, ujo
BUsIGNIEHI HOBI KIACU [H2IOIMOPI6 He 3a62COU BUKOHYIOMb OCHOGHY «(Papmaxoopry» @QYHKYilo (cyrvamiony), saxa
Xapakmepha 0. «KIACUYHUXy aikapcokux npenapamis (Acetazolamide, Methazolamide, Ethoxzolamide, Dorzolamide
ma iHwii), a € NOXIOHUMU (PeHONI8, NONIAMIHIG, KYMAPUHIG/MIOKYMAPUHIE, CEYOBUH, MIOCEYOBUH, CIOPOKCAMAMIE MOWO.
Lli monexynu maxooic 38’A3YI0MbCA 6 AKMUSBHOMY YeHMpi (epmenmy, aie He B63aeEMO0ilomb 0e3n0cepeoHbo 3
Kamanimuduum i0HOM YUHKY ab0 83A€MOOIIOMb Yepe3 YUHK-KOOPOUHOBAHY MONIEKYLy 00u/iony 2iopoxcudy. [Ipome ye
npugooums 00 NIOBUWEHHS IX CeleKMUBHOCMI I, AK HACTIOOK, ghapmaronoziunoi Oii. IIpodoesacyrouu 0ocnioxnceHHs 3
NOWLYKY CHOJYK, WO 8NIUBAIOMb HA CEeYOBUOLIEHH:, HAC 3AYIKA8UIU apoineiopa3oHu ecmepig xinoHokcumy. Ilo-nepute,
0151 HUX XapakmepHi neeui ocobaugocmi 6y006u (OUHAMIYHA MA 2eoMempUyHA i30Mepis), no-opyae, 80HU BUABIAIONb
OKUCHO-IOHOBHI 81ACMUBOCTI, NO-MPEME, HAABHICMb APOMAMUYHUX (DPAcMEeHmi8 HAOAE MONCIUBICIb CMEOPUMU
00 ’emny KombinamopHy bibniomexy 0ns ananizy. Lli cnonyxu € nieandamu 8 peaxkyiax KOMNIEKCY8aHHA, d 000amKo8e
30LIbWeENHS. KITbKOCMI aKYenmopié 600HI0 6 MONEKYJI 3a PAXYHOK CIPYKMYPHOI MOOu@ikayii 003601ums noKpawumu
Ji2ano-ghepmenmamusHti 63aemooii 3 kapboaneiopazoro (CA Il) i, sx nacnioox, euseumu HOGI NEPCHEeKMUGHT OLypemudHti
sacobu. Line — Ousaiin ma nowyx nomenyiunux oiypemuxis (ineioimopie CA II) ceped apoinciopasomnie ecmepis
XIHOHOKCUMY 3 8UKOPUCMAHHAM Memodoaoeii in silico, mpaduyitinoeo cunmesy ma in vivo. Buxopucmano memoou
opeaniuno2o cunmesy, Qizuko-ximiuni memoou ananizy opzaniunux cnoayk (AMP 'H-cnexmpockonis, enemenmuuii
aHaniz), NPOSHO3YBAHHS CHOPIOHEHOCMI 00 OION02IYHOT MilieHl, NPOSHO3 MOKCUYHOCMI ma JinogitbHocmi
KombinamopHoi bibniomexu bensociopazudie O-apoinecmpie XIHOHOKCUMIG 3 GUKOPUCIAHHAM KOMA TOMePHUX Cepsicis.
Jlocnioocenuss Cnoayk, Wo GNIUBAOMb HA BUOLILHY (DYHKYIIO HUPOK WYpie, NpOoGOOUNU 3d 3A2ANbHONPUUHAMON
memooukoro E.B. Bepxina 3 600Hum HaganmasiceHHAM. J[0CiONCEHHS UIMOBIPHO20 MEXAHIZMY NPOBOOUNOCA 3d OONO-
MO2O0I0 2HYUKO20 MONEKVIAPHO20 OOKIH2Y, AK Ni0OX00Y NOWLYKY MOJeKV, Wo MAaoms CHopiOHeHicmb 00 Kapboanziopasu
aroounu I muny (CA 1I). Makpomonexynsapui 0ani kpucmaniynoi cmpykmypu CA Il (PDB ID — 3HS4) 3aeanmadiceri 3
Protein Data Bank (PDB). Pospobaeno ousatin ma o0TpyHmMO8AHO NOUWLYK OiypemudHux 3acobie ceped 6eH302i0pa3udie
O-apoinecmepie xinoHokcumie memooamu in silico (npoeHo3yeants. cnopioneHocmi, TNOQIIbHOCMI, MOKCUYHOCME MA
epmenm-nicanonux 63a€mMo0itl), Mpaouyitino20 OP2aHIYHO20 CUHME3y Ma Memoodamu in Vivo (8niueé Ha GUOiLIbHY
@yuryiro nupok wypis). Cunmes apoineiopaszonie ecmepie XiHOHOKCUMY NPOBEOCHUL WLISXOM 63AEMOOIL apoineiopasunie
3 4-[(apoinimino)Jyuknocexca-2,5-0ien-1-onamu. Cmpykmypa CUHME308AHUX CHOAYK NIOMEEPONCEHA eNeMEeHMHUM
ananizom ma 'H SIMP-cnexmpamu. I[Iposedeni 0criodicenns 6naugy CuHme306aHux CROJYK Ha 6UOIIbHY (YYHKYIIO HUPOK
Wypie 00360UNU BUAGUMU PO NEPCREeKMUBHUX CHONYK ceped apoineiopaszoHié ecmepie XiHOHOKCUMY, SKI ROCUTIOIOMb
0obosuii diypes na 54,2-352,8% nopisusano 3 konmpoavroio epynoio. Ilpu ybomy ecmanosneno, wjo Haubinbul akKmueHUM
susasuecs N'-(4-[(2-xnopobenzoinokcu)imino]yukioeexca-2,5-0icu- 1-inioen)-3-nimpobenzociopasuod, axuil nioguuyeas
0obosuii diypes na 352,8% nopisuano 3 KOHMpPOILHOIO 2PYNOI0, Nepesuwyiody npu yoomy epexm «l iopoxropomiazudy»
(170,8%). Pospobnena ma enpogaodcena cmpamezia nOuiyky Oiypemukie ceped bOensociopasudie O-apoinecmepis
XIHOHOKCUMIG 00360aUNA [0eHMUPDIKY8amu ehekmueny CHONYKY, KA 3a CEe4OlIHHOI0 Oi€l0 nepesuwye npenapam
nopisuanua  «l iopoxaopomiazudy. Bizyanizayiss MONeKYIAPHO20 CMUKYBAHHA AKMUBHUX CNOJYK NOKA3AAd, WO ix
2eomempis YCKAAOHIOE posmiwgenns 6 Kuweni akmuenozo yenmpy CA Il ane eupadicenuti ceuocinnuti eghexm marxodic
MOICHA NOG A3amU 3 iX 30aMHICMIO 00 YMBOPEHHS KOOPOUHAYITIHUX 36 'S13Ki6 3 Kamionom yunky. Ompumani pesyromamu
00TPYHMOBYIOMb NOOAILUIULL YINECNPIMOBAHUL NOUWYK NOMEHYIUHUX OlypemuKie ceped Yb0o2o KIAcy CHROAYK 0/ Oiiblu
0emanbHO20 PO3YMIHHSL MA 8UGHEHHS MEXAHIZMY Ol
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Modern diuretics are actively used in medical
practice for hypertension, chronic heart failure,
kidney disease, glaucoma, emergency conditions
(edema of the brain, lungs, etc.) and demonstrate a
satisfactory risk/effect ratio [1]. An important place
among this class of drugs belongs to carbonic
anhydrase II inhibitors (CAs), which catalyze the
reversible hydration of carbon dioxide to bicarbonate
and H+ ions and play a crucial role in the regulation
of many physiological processes [2]. The clinical
effects of these agents are an increase in diuresis and a
decrease in intraocular and intracranial pressure;
decrease in the excitability of brain neurons; increased
excretion of potassium with urine. A decrease in the
activity or non-selective inhibition of CA II leads to a
decrease in the productivity of the carbonic acid
synthesis reaction, and therefore to a decrease in the
bicarbonate reserve of the blood and the development
of hyperchloremic acidosis [1]. Along with this, losses
of K+ increase and hydrogen ions H+ are retained in
the body, which leads to the development of hypo-
kalemia and acidosis.

Representatives of CA 1II inhibitors are sulfona-
mides, sulfinamides, sulfamates, and sulfondiamides,
which bind in deprotonated form (anion) to the Zn (II)
ion in the active center of the enzyme [2, 3] (Fig. 1A).
It was established that the specified functional groups
in organic molecules enhance the inhibition of
enzymes of this class in the cells of nephron tubules.

Therefore, in most cases, structural modification of
molecules was carried out by introducing other
functional groups to aromatic and heterocyclic
fragments while preserving the main
“pharmacophoric” function of the molecule [3, 4, 5].
These studies were aimed at increasing affinity to
CA 11, increasing hydrophilicity, reducing toxicity,
and improving pharmacokinetic characteristics.

Despite the significant progress made in recent
decades in the elucidation of molecular mechanisms,
medicinal chemists and pharmacologists are still
engaged in the design and directed search for new
selective CA Il inhibitors with a better pharma-
cological profile that would cause minimal electrolyte
disturbances in the body. This has led to the creation
of new classes of inhibitors that do not always contain
the main “pharmacophoric” function (sulfonamides,
sulfinamides, sulfamates, and sulfondiamides) and
are derivatives of phenols, polyamines, couma-
rins/thiocoumarins, ureas, thioureas, hydroxamates,
etc. [2, 4]. These molecules also bind in the active site
of the enzyme, but do not interact (interact) directly
with the catalytic zinc ion or interact through zinc-
coordinated  water  molecules/hydroxide  ion
(Fig. 1B). The latter explains why inhibitors that have
this interaction in the active site of the enzyme show
a much better degree of selectivity or selectively
inhibit only one or a limited number of isoforms
among the known [2, 4].
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Fig. 1. Schematic images of the interaction of sulfonamides (A), hydroxamates (B) according to data [3]
and the probable interaction of unknown aroylhydrazones of esters quinone oxim
e with amino acids of the active center of CA 1I

Therefore, continuing research in the search for
compounds that affect urination, we became
interested in aroylhydrazines and their derivatives,
which have been intensively studied due to their high
reactivity and chelating ability, as well as versatile
biological activity [6, 7, 8, 9, 10, 11, 12]. Moreover,
their high reactivity will allow the combination of
aroylhydrazines and substituted 1,4-benzoquinone
oximes in one molecule, which are also characterized
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by redox properties and versatile biological activity
[13, 14, 15, 16]. This design is interesting because it
solves a number of tasks. First, to develop the
synthesis of an unknown class of diuretics with an
unlimited possibility of structural modification
(increasing the number of hydrogen acceptors in the
molecule), which is important for ligand-enzymatic
interactions with CA II. The most important thing is
to answer the question: “Will the created molecules
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act as ligands in complexation reactions like
“classical” inhibitors (Fig. 1C) and exhibit a diuretic
effect?”

Therefore, the aim of the work is the design and
search for potential diuretics (CA II inhibitors) among
aroylhydrazones of esters quinone oxime using in silico,
traditional synthesis and in vivo methodologies.

MATERIALS AND METHODS OF RESEARCH

Molecular docking. Research was conducted by
flexible molecular docking, as an approach to finding
the 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 11 (PDB ID
—3HS4) [17].

Ligand preparation. The substances were drawn
using MarvinSketch 20.20.0 and saved in mol format
[18]. After that they were optimized by the 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 AutoDockTools-1.5.6,
the pdb-files were converted into PDBQT, number of
active torsions was set as default [19].

Protein preparation. PDB files were downloaded
from the protein data bank. Discovery Studiowv
19.1.0.18287 was used to delete water molecules and
ligands. Structures of protein were saved as pdb-files
[20]. In AutoDockTools — 1.5.6 polar hydrogens were
added and saved as PDBQT. The grid box was set as
following:  center x=161.722,  center y=163.028,
center z=189.222, size x=30, size_y=30, size_z=30 for
Human carbonic anhydrase Il (PDB ID — 3HS4).
Vina was used to carry docking. For visualization
Discovery Studio v 19.1.0.18287 was used.

Toxicity prognosis. Prediction of acute toxicity and
calculation of octanol/water partition coefficient (logP)
was made in silico using the service ProTox-II [21].

Chemical part. Melting points were determined in
open capillary tubes in a “Mettler Toledo MP 507
apparatus and were not corrected. The elemental
analyses (C, H, N) were performed using the
ELEMENTAR vario EL cube analyzer (USA). Ana-
lyses were indicated by the symbols of the elements
or functions within £0.3% of the theoretical values.
"HNMR spectra (400 MHz) were recorded on a
Varian-Mercury 400 (Varian Inc., Palo Alto, CA,
USA) spectrometers with TMS as internal standard in
DMSO-djs solution.

Aroylhydrazines (1) ta 4-[(aroyloxy)imino]cyc-
lohexa-2,5-dien-1-one (2) and other starting materials
and solvents were obtained from commercially
available sources and used without additional
purification.

30

"-[4-(Hydroxyimino)cyclohexa-2,5-dien-1-
ylidene[benzoylhydrazide (3.1). 0,05 mol 4-(hydro-
xyimino)cyclohexa-2,5-dien-1-one 1 was dissolved
in 150 ml of methanol. The 600 ml of water and an
equimolar amount of the corresponding 0.05 mol of
benzoylhydrazine hydrochloride 2 were added. The
reaction mixture was stirred during 1,5 h. The sepa-
rated precipitate was filtered off, dried, and recrys-
tallized from ethanol. Yield: 72%; m.p.194-195°C
(dec.). NMR 'H (8, ppm): 8.01-8.04 (dd, 1H, H?,
J=3,9 Hz), 7.41-7.44 (dd, 1H, H® J=3,9 Hz), 7.11-
7.15 (dd, 1H, H’, J=3,9 Hz), 6.73-6.76 (dd, 1H, H’,
J=3,9 Hz), 7.69-7.99 (m, 5H, Ph), 9.89 (s, 1H, NH),
10.76 (s, 1H, OH). 7.15 (d, 2H, H*®, J=9,0 Hz), 7.22
(d, 2H, H?’, J=9,0 Hz), 7.43-7.99 (m, 5H, Ph), 9.89
(s, 1H, NH), 10.76 (s, 1H, OH); Anal. Calcd. for:
Ci3H11N3Os: C, 64.72; H, 4.60; N, 17.42. Found: C,
64.66; H, 4.52; N, 17.44.

The general methods for the synthesis of
substituted N'-(4-[(aroyloxy)imino]cyclohexa-2,5-
dien-1-ylidene) benzohydrazides(4.1-4.9). 4-[(Aroy-
loxy)imino]cyclohexa-2,5-dien-1-one 4 (0.01 mol),
was dissolved in 20 mL of ethanol. 60 mL of water
and equimolar quantity of corresponding aroylhy-
drazines 1 (0.01 mol), were added. The reaction
mixture was stirred during 2 h. The separated pre-
cipitate was filtered off, dried, and recrystallized from
ethanol.

N'-(4-[(Benzoyloxy)imino]cyclohexa-2,5-dien-1-
ylidene)-2-chlorobenzohydrazide (4.1). Yield: 85%;
m.p. 210°C (dec.); 'H NMR (400 MHz, DMSO-ds) 3,
ppm: 7.31-7.34 (dd, 1H, H’, J/=3,9 Hz), 7.35-7.38 (dd,
1H, H® J=39 Hz), 7.36-7.96 (m, 4H, 2-CICsH,),
7.55-8.16 (m, 5H, Ph), 7.75-7.78 (dd, 1H, H’, J=3,9
Hz), 7.89-7.92 (dd, 1H, H?, J=3,9 Hz), 10.44 (s, 1H,
NH); Anal. Calcd. for: C0H14CIN3Os: C, 63.25; H,
3.72; N, 11.06; Found: C, 62.98; H, 3.59; N, 11.15.

"-(4-[(Benzoyloxy)imino]cyclohexa-2,5-dien-1-
ylidene)-3,5-dimethoxybenzohydrazide (4.2). Yield:
81%; m.p. 207°C (dec.). '"H NMR (8, ppm): 3.76 (s,
6H, 3,5-(Me0),-CsHs), 6.51 (t, 1H, H*, 3,5-(MeO),-
CeH3), 7.11 (t,2H, H*%, 3,5-(MeO),-CsH3), 7.31-7.34
(dd, 1H, H’, J=3,9 Hz), 7.36-7.39 (dd, 1H, H® J=3,9
Hz), 7.54-8.15 (m, S5H, Ph), 7.74-7.77 (dd, 1H, H’,
J=3,9 Hz), 7.90-7.93 (dd, 1H, H?, J=3,9 Hz), 10.35
(s, 1H, NH); Anal. Calcd. for: C»2H9N3Os: C, 65.18;
H,4.73; N, 10.37. Found: C, 65.25; H, 4.80; N, 10.32.

"-(4-[(Benzoyloxy)imino]cyclohexa-2,5-dien-1-
ylidene)-2,4-dinitrobenzohydrazide (4.3). Yield: 78
%; m.p. 218°C (dec.). '"H NMR (§, ppm): 7.31-7.34
(dd, 1H, H’, J= 3,9 Hz), 7.36-7.39 (dd, 1H, H%, J=3,9
Hz), 7.54-8.15 (m, 5H, Ph), 7.74-7.77 (dd, 1H, H’, J=
3,9 Hz), 7.90-7.93 (dd, 1H, H’, J=3,9 Hz), 7.93 (d,
1H, H, 2,4-(NO»),-C¢H3, J=9,0 Hz), 8.65-8.68 (dd,
1H, H’, 2,4-(NO2)»-CsH3), 9.03 (d, 1H, H', 2,4-
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(NO»)2-C¢H3), 10.31 (s, 1H, NH); Anal. Calcd. for:
C20H13N507I C, 55.18; H, 3.01; N, 16.09. Found: C,
55.27; H, 2.89; N, 15.95.
2-Methyl-N'-(4-[(2-methylbenzoyloxy)imino]-
cyclohexa-2,5-dien-1-ylidene)benzohydrazide (4.4).
Yield: 87%; m.p. 205°C (dec.). '"H NMR (§, ppm):
2.33 (s, 3H, Me), 2.35 (s, 3H, Me), 7.19-7.91 (m, 4H,
2-MeCgHa), 7.21-7.95 (m, 4H, 2-MeCsHa), 7.30-7.33
(dd, 1H, H’, J=3,9 Hz), 7.35-7.38 (dd, 1H, H’
J=3,9 Hz), 7.74-7.77 (dd, 1H, H’, J=3.9 Hz), 7.89-
7.92 (dd, 1H, H?, J=3,9 Hz), 10.44 (s, 1H, NH); Anal.
Calcd. for: C2oH9N3Os: C, 70.76; H, 5.13; N, 11.25.
Found: C, 70.84; H, 4.96; N, 11.15.
"-(4-[(2-Bromobenzoyloxy)imino[cyclohexa-
2,5-dien-1-ylidene)-4-nitrobenzohydrazide  (4.5).
Yield: 72%; m.p. 226°C (dec.). '"H NMR (8, ppm):
7.29-7.32 (dd, 1H, H’, J=3,9 Hz), 7.33-7.36 (dd, 1H,
H® J=3,9 Hz), 7.43-7.76 (m, 4H, 2-BrC¢Hs), 7.76-
7.79 (dd, 1H, H’, J=3.9 Hz), 7.89-7.92 (dd, 1H, H?,
J=3,9 Hz), 8.08 (d, 2H, H**’, 4NO,CsH,), 8.35 (d,
2H, H?*%, 4-NO,C¢H,), 10.51 (s, 1H, NH); Anal.
Calcd. for: CyoHisBrN4Os: C, 51.19; H, 2.19; N,
11.94. Found: C, 51.26; H, 2.16; N, 11.78.
"-(4-[(2-Chlorobenzoyloxy)imino]cyclohexa-
2,5-dien-1-ylidene)-3-nitrobenzohydrazide (4.6).
Yield: 77 %; m.p. 220°C (dec.). '"H NMR (8, ppm):
7.30-7.33 (dd, 1H, H’, J=3,9 Hz), 7.29-7.32 (dd, 1H,
H’ J=3,9 Hz), 7.60-8.16 (m, 4H, 2-C1CsHy), 7.76-7.79
(dd, 1H, H’, J=39Hz), 7.90-7.93 (dd, 1H, H’
J=3,9 Hz), 7.87-8.86 (m, 4H, 3-NO,CsHs), 10.35 (s,
1H, NH); Anal. Calcd. for: C2H;3CIN4Os: C, 56.55; H,
3.09; N, 13.19. Found: C, 56.61; H, 3.11; N, 13.26.
4-Bromo-N'"-(4-[(2-iodobenzoyloxy)imino]cyc-
lohexa-2,5-dien-1-ylidene)benzohydrazide 4.7).
Yield: 83%; m.p. 202°C (dec.). 'H NMR (3, ppm):
7.30-7.33 (dd, 1H, H’, J=3,9 Hz), 7.35-7.38 (dd, 1H,
H’ J=3,9 Hz), 7.43-7.97 (m, 4H, 2-1C¢H,), 7.68 (d,
2H, H’*'| 4-BrC¢Hy), 7.74-7.77 (dd, 1H, H’?, J=3,9
Hz), 7.89-7.92 (dd, 1H, H?, J=3,9 Hz), 8.35 (d, 2H,
H?'%, 4-BrCgHa), 10.48 (s, 1H, NH); Anal. Calcd. for:
C,oH13BrIN;0s: C, 43.66; H, 2.38; N, 7.64. Found: C,
43.71; H, 2.33; N, 7.59.
"-(4-{{(3-Methoxybenzoyl)oxylimino}cyclohexa-
2,5-dien-1-ylidene)-2,4-dinitrobenzohydrazide (4.8).
Yield: 85%; m.p. 238°C (dec.). 'HNMR (3, ppm): 3.85
(s, 3H, MeO), 7.30-7.33 (dd, 1H, H’, J=3,9 Hz), 7.34-
7.85 (m, 4H, 3-MeOC¢Hy), 7.36-7.39 (dd, 1H, H°,
J=3,9 Hz), 7.74-7.77 (dd, 1H, H’, J=3,9 Hz), 7.91-7.94
(dd, 1H, H?, J=39Hz), 793 (d, 1H, H%, 24-
(NO2).CH3), 8.64-8.67 (dd, 1H, H’', 2,4-(NO,),CeHs),
9.02 (d, 1H, H', 2,4-(NO2),-CHs), 10.45 (s, 1H, NH);
Anal. Calcd. for: Cy;HsNsOs: C, 54.20; H, 3.25; N,
15.05. Found: C, 54.29; H, 3.14; N, 14.95.
4-Bromo-N'-(4-{[(4-methoxybenzoyl)oxy]imi-
nojcyclohexa-2,5-dien-1-ylidene)benzohydrazide
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(4.9). Yield: 79%; m.p. 208°C (dec.). '"H NMR (3,
ppm): 3.82 (s, 3H, MeO), 7.08 (d, 2H, H’”, 4-
MeOC¢H4), 7.29-7.32 (dd, 1H, H’, J=3,9 Hz), 7.37-
7.40 (dd, 1H, HY, J=3,9 Hz), 7.69 (d, 2H, H**7, 4-
BrC¢Ha), 7.72-7.75 (dd, 1H, H?, J=3,9 Hz), 7.89-7.92
(dd, 1H, H?, J=39 Hz), 8.07 (d, 2H, H?*?, 4-
MeOCH,), 8.34 (d, 2H, H?'%, 4-BrC¢Hs), 10.52 (s,
1H, NH); Anal. Calcd. for: C21H6BrN3Oa: C, 55.52;
H, 3.47; N, 9.25. Found: C, 55.59; H, 3.55; N, 9.33.

Biological part. Study of the effect of compounds
on the excretory function of the kidneys. The initial
screening was performed on 72 white male Wistar
rats weighing 120-170 g, which were kept in standard
conditions of the vivarium of the Dnipro State
Medical University. Experimental studies were
performed in accordance with the “General Ethical
Principles of Animal Experiments” (Ukraine, 2001),
and the provisions of the “European Convention for
the Protection of Vertebrate Animals Used for Expe-
rimental and Other Scientific Purposes” (Strasbourg,
1986) and the conclusion of the commission on issues
of biomedical ethics of DSMU (protocol No. 3
16.02.2022) [22]. Screening of the new synthesized
compounds, in order to identify diuretic properties in
a few aroylhydrazones of esters quinone oximes, was
carried out according to the generally accepted
method of E.B. Berkhin [23]. 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 and without. The test compounds were
administered to the rats once intragastrically at a
doses of 2.6 mg/kg body weight as an aqueous
suspension simultaneously with the water load.
Animals were placed in individual cages for urine
collection at three hours and 24 hours.
«Hydrochlorothiazid» in equivalent doses for rats
were selected as the reference drugs [24].

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 (+ m)
were calculated. The probability of intergroup dif-
ferences was determined using Student's parametric t-
test and one-way analysis of variance (ANOVA). The
differences were considered statistically significant at
a value of p<0.05 [25].

RESULTS AND DISCUSSION

According to the design of this study, calculations
of predicted affinity to the biological target, toxicity
and lipophilicity were carried out for more than
50 compounds from a virtual combinatorial library of
aroylhydrazones of esters quinone oxime. Creation of
the library is based on the introduction of donor-
acceptor groups (methyl-, methoxy-, halogeno-,
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nitro-) in various positions of the phenyl fragments of
the molecule (Table 1), without taking into account the
peculiarities of the structure of aroylhydrazones of
esters quinone oxime, namely the hydrazide-hylazone
tautomerism and geometric isomerism.

The molecular docking of the combinatorial
library of aroylhydrazones of esters quinone oxime
confirmed our assumptions about their high affinity
to SA II (Table 1). It is true that the affinity of most
of the compounds exceeded the classic inhibitors —
“Acetazolamide” and “Hydrochlorothiazide.” It was
not possible to deduce the correct dependence of the
affinity of the ligand to the enzyme on the position of

the substituent in the phenyl fragment, but a certain
regularity was observed, namely, most ligands with
acceptor substituents have a high affinity. The IV
class of toxicity (LD50 324-3000 mg/kg) is predicted
for these compounds. Their lipophilicity in
comparison with the reference drugs is somewhat
higher and this is known to contribute to their
interaction in the hydrophobic part of the active
center of the enzyme. So, the method of molecular
docking made it possible to conduct a preliminary
assessment of their affinity to CA II, the prospects of
their further synthesis and research on experimental
animal models.

Table 1

Results of molecular docking and predicted toxicometric parameters of the virtual combinatorial
library of aroylhydrazones of esters quinone oxime according to ProTox-II data (Fig. 1C)

Affinity (kcal/mol) to CA

LDso, mg/kg (Toxicity

*

Compd. R Ri 11 (3HS4) Class)** LogP
1. H H -7.2 100 (11I) 2.12
2. 4-Cl1 PhC(0) -7.6 510 (IV) 4.16
3. 2-Cl1 PhC(0) -7.7 510 (IV) 4.16
4. 3-Cl1 PhC(0) -7.2 510 (IV) 4.16
5. 2,4-(MeO): PhC(0O) -7.2 324 (IV) 3.52
6. 3,5-(MeO): PhC(0) -7.4 324 (IV) 3.52
7. 2,4-(NO2): PhC(O) -1.7 1994 (IV) 4.37
8. 2-Me 2-MeCsH4C(O) -7.9 510 (IV) 4.12
9. 2-Cl1 2-MeC¢H4C(O) -7.3 510 (IV) 4.46
10. 3-C1 2-MeCsH4C(O) -7.2 510 (IV) 4.46
11. 4-Cl 2-MeC¢H4C(O) =17 510 (IV) 4.46
12. 2-NO: 2-CIC¢H4C(0O) -7.3 1994 (IV) 4.59
13. 3-NO: 2-CIC¢H4C(0) -8.2 1994 (1V) 4.59
14. 4-NO; 2-CIC¢H4C(0) -8.1 1994 (IV) 4.59
15. 4-NO; 2-BrC¢H4C(O) -8.2 3000 (V) 4.7
16. 4-Br 2-1CsH4C(0O) -7.7 510 (IV) 4.87
17. 2-NO: 2-ICsH4C(0O) =17 1994 (IV) 4.54
18. 2,4-(NO2)2 2-ICsH4C(0O) -7.4 1994 (IV) 4.97
19. 2,4-(NOz): 3-MeOC¢H4C(0O) -1.7 3000 (V) 4.37
20. 2-Me 3-MeOCsH4C(O) -7.6 324 (IV) 3.82
21. 2-Cl1 3-MeOCsH4C(O) -7.4 324 (IV) 4.16
22. 4-Br 4-MeOCsH4C(O) -7.4 324 (IV) 4.27
23. 2,4-(MeO): 4-MeOC¢H4C(O) -7.2 324 (IV) 3.53
24. 3,5-(MeO): 4-MeOC¢H4C(O) -7.2 2000 (IV) 3.53
Acetazolamide -6.2 4300 (V) 1.00
Hydrochlorothiazide -7.0 1175 (IV) 2.98

Notes: * — table shows data for compounds whose affinity is >7.0 kcal/mol; ** — Class I: fatal if swallowed (LDso<5); Class II: fatal if swallowed
(5<LDs(<50); Class III: toxic if swallowed (50<LDs, <300); Class IV: harmful if swallowed (300<LDs,<2000); Class V: may be harmful if swallowed

(2000<LDs(<5000); Class VI: non-toxic (LDsy>5000).
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The next stage of this research included the
synthesis of a number of aroylhydrazones of quinone
oxime esters (4), which have high affinity and satis-
factory parameters of predicted toxicity. The synthesis
of compounds 4 was preliminarily worked out on the
reaction of the interaction of benzoylhydrazine (1.1)
with quinone monooxime 2.1 (Fig.2). The

nucleophilic addition-elimination reaction proceeds at
room temperature, regioselectively and with a
satisfactory yield of the target compound (72%). O-
aroylesters of 1,4-benzoquinone oxime (2.2-2.8) also
interact with benzoylhydrazines (1.2-1.8) without any
particularity, forming the target compounds 4.1-4.9
with a yield of 72-87%.

AN at Ry=H
H 1 1448
Ho, # y MeOH, H,0, .

_NH,

=
o

atRi=Ac0 R N
I N T j
H
sEtt'SeHd |-:2to,2 h 4149 \N/OTAF
| , L4, -4,

stirred, r.t.,1,5 h K;ro
0
RO ~
Y

21-2.8

R = H, 2-Me, 2-Br, 2-Cl, 2-1, 3-MeO, 4-MeO;
Ar = Ph, 2-MeCgHy, 3,5-(MeO),CgHs 4-BrCeH,

2-CICeH, 3-NO,CeHy 4-NO,CeHy, 2.4-(NO),CoHa

Fig. 2. Reaction of aroylhydrazines with 4-[(aroyloxy)imino|cyclohexa-2,5-dien-1-ones

The data of 1H NMR spectra indicate the benefit
of their formation. Thus, N'-[4-(hydroxyimi-
no)cyclohexa-2,5-dien-1-ylidene]benzoylhydrazide
(3.1) in the 1H NMR spectrum has the characteristic
signals of the protons of the quinoid fragment H2 and
H6 and H3 and HS5 resonate as doublet-doublets with
a 3.9 Hz CCSW (cis-isomer) at 8.20, 7.43, 7.12 and
6.74 ppm, respectively [26]. The presence of signals
of singlet protons -C(O)NH (9.89 ppm), =NOH
groups (10.76 ppm) and signals of multiplet protons
of the phenyl fragment at 7.69-7.99 ppm also
supports the statement of the structure of compound
3.1. In the 1H NMR spectra of compounds 4, the
signals of the protons of the quinoid fragment H2 and
H6 and H3 and H5 have a similar multiplicity, but are
observed in a weaker magnetic field (paramagnetic
shift) due to the acceptor effect of the substituted
benzoyl group. In addition, compounds 4 are
characterized by singlet protons of the -C(O)NH group
at 10.52-10.31 ppm and phenyl substituents with the
corresponding multiplicity and chemical shift [26].

Screening of the synthesized compounds 3 and 4
on the process of urine excretion showed that the
investigated compounds in the 2nd hour of the
experiment in most cases suppress (up to 25%) or
show a minor (12.9-30.7%) diuretic effect, in com-
parison with a control group. More significant are the
results of the influence of compounds 4 on diurnal
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diuresis. Thus, compounds 4.1-4.4, 4.6, 4.7 increase
daily diuresis by 54.2-352.8% (Table 2), which
makes it possible to classify them as diuretics of
medium duration of action, as well as the reference
drug. At the same time, compound 4.6 was the most
effective among the studied compounds, the daily
diuresis of which in rats was 9.78+0.19 ml/100 g
(352.8%), compared to the control
(2.16£0.05 m1/100 g). The specified compound
significantly exceeds the activity of the comparison
drug “Hydrochlorothiazide”, the diuresis of which
was 5.85+£0.21 ml/100 g (170.8%).

We failed to conduct a correct analysis of the
“structure-activity” relationship. However, the struc-
tural modification of the benzoylhydrazone and
aroyloxime fragments of compounds 4 by introducing
donor (4.4) or acceptor (4.1, 4.6, 4.7) substituents has
a positive effect on diuresis and significantly
contributes to increasing activity. It is important that
compounds with functional groups close to the phenyl
substituents of the hydrazone and oxime fragments
turned out to be more active.

The high diuretic activity of 4.1, 4.4 and 4.6 and
structural features (ability to complex) served as the
basis for additional visualization of their interaction
with the active center of CA II to assess the possible
mechanism of their biological action (Table 3).
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Table 2

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)"

No. Compounds Diuresis, % related to Diuresis, % related to
ml/100 g/2 h control ml/100 g/ 24 h control

1 Control 3.48+0.09 - 2.16+0.05 -

2 3.1 4.55+0.09 30.7 1.41+0.09* -34.9
3 4.1 3.93+0.12 12.9 5.58+0.39* 158.3
4 4.2 2.61+0.17 -25.0 3.33+0.43 54.2
5 4.3 2.66+0.09 -23.6 3.38+0.17 56.5
6 44 3.36+0.14 -3.4 5.21+0.52* 141.2
7 4.5 4.13+0.25 -18.7 1.51+0.05 -30.1
8 4.6 2.85+0.09 18.1 9.78+0.19* 352.8
9 4.7 2.94+0.11 -15.5 4.62+0.38 113.9
10 4.8 2.64+0.08 -24.1 0.52+0.04* -75.9
11 4.9 3.04+0.09 -12.6 0.70+0.05* -67.6
12 Hydrochlorothiazide 5.39+0.07* 54.9 5.85+0.21* 170.8

Notes: * — significant changes in control (p <0,05); n — the number of animals in the group.

At the same time, it was established that the standard
ligand (Hydrochlorothiazide) with the active site CA 11
(Fig. 3A) forms two hydrogen bonds of the sulfamide
group with amino acid residues THR200* (2,14A),
GLN92* (2,39A), hydrophobic n- interactions of the
aromatic fragment with amino acid residues GLN92"
(4.17A), VAL121® (4.96A), nt- interactions of Oxygen

and Sulfur of the sulfamide group and Chlorine with
VALI143® (4,24A), VAL1438 (5.07A), HIS96“ (5,37A),
HIS94® (5.48A), HIS119€ (5,07A), LEU198® (4.67A),
VALI21® (3.84A), LEU198® (4.67A), VALI121®
(4,96A), LEU198® (4,67A). In addition, in the active
site there is a coordination bond of the sulfamide group
of hydrochlorothiazide with Zn*" CA 11 (ZN301 2.62A).

Table 3

The main types of interactions of synthesized compounds and pharmacological standards
with amino acid residues of human carbonic anhydrase I (PDB ID — 3HS4)

The main interaction types between compounds, pharmacological standards

Compd. and amino acid residues of enzymes*
3.1 PRO202%, ASN62*, THR200*, LEU198", THR200", HIS94", VAL121F, ALA65"
4.1 GLN92*, HIS94*, ZN301", ASN624, THR200%, LEU198", HIS119¥, HIS94F, VAL121¥, VAL143", LEU198¥
4.2 THR200*, PRO201%, HIS64", TRP5*, PHE231F, TRP5", TRP5"
4.3 PRO201%*, LYS170", HIS64", PHE231F, HIS64", LYS170"
4.4 ASP72", GLN924, ILE91¥, LEU198, HIS94", ILE91¥, VAL121", LEU198", PHE131%, VAL121"
4.5 GLN92A; ASN67*, HIS94*, ASN62*, THR200*, HIS94*, LEU198", HIS94", HIS96", VAL121", VAL143",
4.6 ]éilélﬁzﬁ, THR199*, THR200, ZN301¢, GLU69", LEU198", PHE131", VAL121"¥
4.7 GLU69", ASN674, GLN92*, LEU198", HIS94", PHE131", VAL121", VAL143F, HIS94F, HIS119F, TRP209",
ILE91Y, VAL121F
4.8 GLU239", PHE231%, PRO201*, GLU2394, LYS170", HIS64", PHE231", HIS64", LYS170"
4.9 GLU69*, GLN92*, ILE91F, LEU198", HIS94F, PHE131F, HIS94", HIS119F, TRP209%, ILE91¥, VAL121"

Hydrochloro-thiazide
VAL121% LEU198®

THR200*, THR1994, ZN301¢, GLN92%, HIS96, HIS119 €, VAL121®, VALI143% LEU198% HIS94",

Notes: * A — Conventional Hydrogen Bond; B — Pi-Sigma, C - Alkyl, D — Pi-Alkyl, E — Sulfur; F — Hydrophobic; G- Metal; H — Electrostatic.
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Hydrophaobicity
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00 THR199

Fig. 3. Types of ligand-enzyme interactions of Hydrochlorothiazide (A),
compounds 4.1 (B), 4.6 (C) and 4.4 (D) with CA II 3D by docking visualization

Visualisation of the results of molecular docking
of aroylhydrazones of esters of quinone oxime (4)
(Table 3) showed that the geometry of the molecules
of these compounds somewhat complicates their
displacement in the pocket of the active center of CA
II. Thus, in compounds 4.1, 4.4, and 4.6, part of the
molecule is located in the hydrophilic part of the
enzyme due to the aroylhydrazone fragment, as in the
case of the standard ligand (Hydrochlorothiazide).
Whereas the other part of the molecule is located in
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the lipophilic part of the enzyme due to the
benzoyloxime fragment. This arrangement of
molecules in the enzyme pocket provides slightly
different ligand-enzymatic interactions (Table 3).
Thus, in the case of compound 4.1, the 2-chloro-
benzoylhydrazone fragment forms two conventional
hydrogen bonds with amino acid residues GLN92
(3.14A), HIS94 (3,24A, Fig. 3B). In addition, the
visualization predicts two hydrogen bonds of the
oxime group with ASN62 (3,64A) and THR200
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(3,82A) and additional hydrophobic interactions of
the aromatic fragment with LEU198 (3,82A), HIS119
(5,70A), HIS94 (4,97A), VALI121 (5,18A), VAL143
(5,19A) and LEUI98 (4,89 A, Fig. 3B). It is
important that the excess electron density of the
benzohydrazide fragment ensures the interaction of
compound 4.1 with the zinc cation CA II (ZN301,
3.83A) in contrast to the classical ligand.

Molecular docking analysis of CA II with com-
pound 4.6 (Fig. 3C) showed that the molecule has a
similar location in the center of the enzyme. The
indicated position of compound 4.6 in the center of
the enzyme is provided by two conventional hydrogen
bonds of the 2-chlorobenzoylhydrazone group of the
molecule with amino acid residues GLU69 (3.15 A),
THR199 (227 A) and additional hydrophobic and
electrostatic interactions with THR200 (4,03 A),
GLU69 (4.92 A), LEU198 (3.44 A), PHE131 (4.82 A)
ta VAL121 (4.92 A). Interestingly, compound 4.6 also
visualizes a coordination bond between the nitro group
of the benzoyloxime fragment and the zinc cation
(ZN301 2.57 A) of the enzyme.

As for the visualisation of the interaction of CA 11
with compound 4.4 (Fig. 3D), only one hydrogen bond
of the 2-methylbenzoylhydrazone group of the
molecule with the amino acid residue GLN92 (3.35 A)
and a large number of hydrophobic and electrostatic
interactions with ASP72 (4.94 A), ILE91 (3.97;
530 A), LEU198 (3.81; 4.82 A), HIS94 (4.80 A),
VALI121 (3.62; 5.10A), PHE131 (5.10A) and
VALI121 (3.52 A) are traced. In addition, compound
4.4 does not form a coordination bond with the zinc
cation of the enzyme.

So, the results of the initial pharmacological
screening confirmed the presence of a diuretic effect
in the little-known N'-(4-[(aroyloxy)imino]cyclo-
hexa-2,5-dien-1-ylidene)benzohydrazides and sho-
wed the prospects of their further study on the
excretory function of the kidneys. At the same time,
according to the results of molecular docking, it was
established that the binding of the studied molecules
to the zinc cation in the active center of the enzyme
leads to an increase in the diuretic effect.

CONCLUSIONS

A strategy for the search for diuretics among
aroylhydrazones of esters of quinone oxime using
molecular docking, traditional synthesis and in vitro
methodology (experimental animals) was developed
and implemented. The synthesis of N'-(4-[(aroylo-
xy)imino]cyclohexa-2,5-dien-1-ylidene)benzohyd-
razides was carried out by the reaction of nucleophilic
addition-cleavage of benzo-hydrazides to O-
aroylesters of quinone oxime. Among the synthesized
compounds, compound 4.6 was found, which
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according to daily diuresis (9.78+0.19 ml/100 g;
352,8%) exceeds the reference drug “Hydrochloro-
thiazide” (5.85+0.21 ml/100 g; 170,8%). Visualiza-
tion of the results of molecular docking of
aroylhydrazones of esters of quinone oxime showed
that the geometry of the molecules of these com-
pounds somewhat complicates their placement in the
pocket of the active center of CA II. However, the
binding of the studied molecules to the zinc cation in
the active center of the enzyme leads to an increase in
the diuretic effect. The obtained results justify further
targeted search and more detailed study of the
mechanism of action of potential diuretics among this
class of compounds.

Recommendations. The results of the research
confirmed the presence of a diuretic effect in aroyl-
hydrazones of esters of quinone oxime and revealed
the prospects for further study of their influence on
the urinary system. First, it is a versatile structural
modification by introducing additional sulfur-con-
taining functional groups to the aromatic
fragments, as carriers of the astringent effect.
Secondly, conducting in vitro studies on the ability
of the synthesized compounds to inhibit CA II,
which will serve as a selection method for their
further in vivo studies.

Contributors:

Sokolova K.V. — visualisation, writing — original
draft, resources, investigation;

Stavytskyi V.V. — visualisation, writing — original
draft, resources, investigation;

Konovalova S.O. — visualisation, writing — origi-
nal draft, resources, investigation;

Podpletnya O.A. — writing — review & editing;

Kovalenko S.I. — project administration, metho-
dology, conceptualisation, writing — review & editing;

Avdeenko A.P. — project administration, metho-
dology, conceptualisation, writing — review & editing.

Funding. The work was carried out under the
budget topic of the Ministry of Education and Science
of Ukraine “Design and modification of N-
substituted-1,4-quinone imines: directed synthesis,
study of bioactivity by in silico, in vitro, in vivo
methods” (No. 0122U000969, period of study 2022-
2024), and in the framework of research work of the
Department of General and Clinical Pharmacy of
DSMU “Pharmacological substantiation of efficiency
and toxicity of medicinal substances of plant and
synthetic origin” (period of study 2022-2026).

Conflict of interests. The authors declare no
conflict of interest.

Acknowledgements. The authors would like to
thank all the brave defenders of Ukraine who made
the finalization of this article possible.

Ha ymoeax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBH / MEDICNI PERSPEKTIVI

REFERENCES

1. Ellison DH. Clinical Pharmacology in Diuretic
Use. Clinscal Journal of the Americal Society of Nephro-
logy (CJASN). 2019;14(8):1248-57.
doi: https://doi.org/10.2215/CJN.09630818

2. Supuran CT. How many carbonic anhydrase sin-
hibition mechanisms exits? Jornal of Enzyme Inhibitoin
and Medical Chemistry. 2016;31(3):345-60.
doi: https://doi.org/10.3109/14756366.2015.1122001

3. AlterioV, Di Fiore A, D’Ambrosio K, Supu-
ran CT, De Simone G. Multiple Binding Modes of Inhi-
bitors to Carbonic Anhydrases: How to Design Specific
Drugs Targeting 15 Different Isoforms? Chemical
Reviews. 2012;112(8):4421-68.
doi: https://doi.org/10.1021/cr200176r

4. Mishra CB, Tiwari M, Supuran CT. Progress in
the development of human carbonic anhydrase inhibitors
and their pharmacological applications: Where are we
today? Med Res Rev. 2020:1-81.
doi: https://doi.org/10.1002/med.21713

5. Doretta Cuffaro, Elisa Nuti, Armando Rossello.
An overview of carbohydrate-based carbonic anhydrase
inhibitors. Journal of Enzyme Inhibition and Medicinal
Chemistry. 2020;35(1):1906-22.
doi: https://doi.org/10.1080/14756366.2020.1825409

6. Kumari D, Bansal H. Benzohydrazides: As poten-
tial bio-active agents. The Pharma Innovation Journal.
2018;7(8):543-50. doi: https://doi.org/10.22271/tpi

7. de Oliveira Carneiro Brum Juliana, Franga Tanos CC,
LaPlante Steven R, Villar José Daniel Figueroa. Synthesis and
Biological Activity of Hydrazones and Derivatives: A
Review. Mini  Reviews in  Medicinal  Che-
mistry. 2020;20(5):342-68.
doi: https://doi.org/10.2174/1389557519666191014142448

8. Patil M, Bendre R. Synthesis, Characterization and
Antioxidant Potency of Naturally Occurring Phenolic
Monoterpenoids Based Hydrazide Motifs. Medicinal
Chemistry. 2018;8(7):177-80.
doi: https://doi.org/10.4172/2161-0444.1000509

9. TahaM, Shah SAA, Khan A, ArshadF, Is-
mail NH, et al. Synthesis of 3,4,5-trihydroxybenzohyd-
razone and evaluation of their urease inhibition potential.
Arabian Journal of Chemistry. 2019;12:2973-82.
doi: http://doi.org/10.1016/j.arabjc.2015.06.036

10. Alisi 10, Uzairu A, Abechi SE. In silico design of
hydrazone antioxidants and analysis of their free radical-
scavenging mechanism by thermodynamic studies. Beni-
Suef University Journal of Basic and Applied Sciences.
2019;8:11. doi: https://doi.org/10.1186/s43088-019-0011-2

11. Taha M, Sultan S, Herizal M, Fatmi MQ, Sel-
varaj M, Ramasamy K, et al. Synthesis, anticancer, mole-
cular docking and QSAR studies of benzoylhydrazone.
Journal of Saudi Chemical Society. 2019;23:1168-79.
doi: https://doi.org/10.1016/j.jscs.2019.07.007

12. Maniak H, Talma M, MatyjaK, Trusek A,
Giurg M. Synthesis and Structure-Activity Relationship

¢

22/ Tom XXVIl/ 4

Studies of Hydrazide-Hydrazones as Inhibitors of Laccase
from Trametes versicolor. Molecules. 2020;25:1255.
doi: https://doi.org/10.3390/molecules25051255

13. Martinez MJA, Benito PB. Biological Activity of
Quinones. Studies in Natural Products Chemistry. 2005:303-
66. doi: https://doi.org/10.1016/s1572-5995(05)80036-5

14. Madeo J Zubair A, Marianne F. A review on the role
of quinones in renal disorders. SpringerPlus. 2013;2:139.
Available from:
http://www.springerplus.com/content/2/1/139

15. Bolton JL, Dunlap T. Formation and Biological
Targets of Quinones: Cytotoxic versus Cytoprotective
Effects. Chemical Research in Toxicology. 2016;30(1):13-37.
doi: https://doi.org/10.1021/acs.chemrestox.6b00256

16. El-Najjar N, Gali-Muhtasib H, Ketola RA, Vuo-
rela P, Urtti A, VuorelaH. The chemical and biological
activities of quinones: overview and implications in analytical
detection. Phytochemistry Reviews. 2011;10(3):353-70.
doi: https://doi.org/10.1007/s11101-011-9209-1

17. rcsb.org [Internet]. USA: Protein Data Bank;
2022 [cited 2022 Nov 6]. Available from:
http://www.rcsb.org/pdb/home/home

18. MarvinSketch version 20.20.0. ChemAxon. [In-
ternet]. [cited 2022 Nov 6].

Available from: http://www.chemaxon.com

19. Trott O, Olson AJ. AutoDock Vina: improving the
speed and accuracy of docking with a new scoring
function, efficient optimization, and multithreading. J
Comput Chem. 2010;31(2):455-61.

20. Discovery Studio Visualizer v19.1.018287. [Inter-
net]. Accelrys Software Inc. 2022 [cited 2022 Nov 6].
Available from: https://www.3dsbiovia.com

21. ProTox-II — Prediction of Toxicity of Chemicals.
[Internet]. 2021 [cited 2022 Nov 6]. Available from:
https://tox-new.charite.de/protox_Il/index.php?site=home

22. European convention for the protection of verte-
brate animal used for experimental and other scientific
purposes. Council of Europe, Strasbourg; 1986.

23. Bryukhanov VM, Zverev YuF, Lampatov VV,
Zharikov AYu. [Methodological approaches to the study
of kidney function in animal experiments]. Nefrologiia.
2009;13(3):52-62. Russian.

24. Stefanov OV. [Preclinical studies of drugs]. Kyiv:
Avitsena; 2001. Ukrainian. Available from:
https://cryo.net.ua/xmlui/bitstream/handle/123456789/77/
PykoBoacTB0%20CTehanor%2C%202001.pdf?sequence
=1&isAllowed=y

25. Lapach SN, Chubenko AV, Babich PN. [Statis-
tical methods in biomedical research using EXCEL]. Kyiv:
Morion; 2000. Russian.

26. Breitmaier E. Structure Elucidation by NMR in
Organic Chemistry: A Practical Guide’, Eberhard Breit-
maier, 3rd Revised Edition, Wiley; 2002.

CratTst Hamiuia 10 penaKiii
27.04.2022

37





