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Introduction

Aim. Synthesis and study of new polyfunctionalized 2-hydrazinoanthraquinone derivatives as
potential antimicrobial agents. Methods. Organic synthesis, NMR and LC-MS spectroscopy,
agar diffusion and broth microdilution methods. Results. A series of anthraquinonehydrazone
derivatives are synthesized using the reaction of 2-(morpholinodiazenyl)anthracene-9,10-dione
with methylene active compounds in the acetic acid medium. The screening of antimicrobial
activity identified the compounds with significant effects against the tested microorganisms
with MIC value <186.9 uM. Compounds 5 and 11 with MIC <93.5 uM are effective against
yeast fungi whereas compound 5 with MIC <186.9 uM is effective against Pputida, which is
multidrug resistant to antibiotics. Conclusions. The obtained hydrazino-anthraquinone de-
rivatives constitute an interesting background for the design of new synthetic agents with
antimicrobial activity.

Keywords: anthraquinones, methylene active compounds, 4-thiazolidinones, antimicro-
bial activity

Anthraquinone derivatives are one of the key a strong synthetic and pharmacological poten-
quinone molecular platforms, characterized by tial due to their high reactivity and molecular
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affinity to various bio targets. Thus, the planar
structure of the aromatic anthracene-9,10-di-
one core provides its ability for DNA interca-
lation [1], which was the basis of the construc-
tion of several anticancer drugs, in particular
daunorubicin, adriamycin and mitoxantrone.
Additionally, 9,10-anthraquinone derivatives
have been identified as potent antimicrobial
[2], antioxidant [3], laxative [4], and anti-in-
flammatory [5] agents. Anthraquinones are
also the building blocks of many dyes, elec-
trolytes in flow batteries and digester additives
in papermaking [6]. Significant pharmaco-
logical interest in anthraquinone derivatives is
also based on the possibility of combination
with other pharmacophore fragments, thus
providing various biologically active com-
pounds. Examples of pharmacophores are
thiazole/thiazolidinone derivatives and their
structure analogs, which display anticancer [7,
8], antimicrobial [9, 10], antiviral [11], anti-
inflammatory [12, 13], and antitrypanosomal
activities [14].

In our previous works, we reported the syn-
thesis of 1-hydrazinoanthraquinones starting
from 1-(morpholinodiazenyl)anthracene-9,10-
dione and various methylene active compounds
(MACG:s), e.g. thiazolidinones and their analogs,
Meldrum’s acid, acetylacetone, B-dinitri-
les, etc. [15]. Some of the mentioned hybrid
molecules displayed significant anticancer and
moderate antimicrobial activities [16].

Thus, the aim of our work was the design
and synthesis of isomeric polyfunctionalized
2-hydrazinoanthraquinones containing thia-
zolidine, hydantoin, and other MACs, and
evaluation of their antimicrobial activity
(Figure 1).

Materials and Methods

Chemistry

All materials were purchased from Sigma-
Aldrich and used without purification. The
uncorrected melting points were determined
in open capillary tubes using the Cole-Parmer

OH Structure of target compounds

4 x

o)

/
z H N
OMe O OH Glu OMe O OH Glu Pharmacophores ——) \/Q
N= g Y
Adriamycin Idarubicin N /
NN
| %
H /N\N N
Link
OH O HN~ > ""oH H H 0 inker
O T ves
N
OH O HN OH N~ \ 0 /

Mitoxantrone

Fig. 1. Background for targeted compound synthesis.

Bisantrene

43



A. V. Lozynskyi, Yu. T. Konechnyi, O. M. Roman et al.

IA9200 Melting Point Apparatus. Thermo
Scientific’s FlashSmart Elemental Analyzer
was used to conduct the elemental evaluations.
The Varian Gemini ('H NMR at 400 MHz)
instrument was used to record the '"H NMR
spectra in DMSO-d4. The chemical shifts (J)
are given in the ppm units relative to TMS as
reference (0.00). The Finnigan MAT INCOS-50
instrument was used to record the LC-MS
spectra. The starting 2-(morpholinodiazenyl)
anthracene-9,10-dione was prepared according
to the reported method [16].

General procedure for synthesis of poly-
functionalized 2-hydrazinoanthraqui-
nones 1—11

A mixture of 2-(morpholinodiazenyl)anthra-
cene-9,10-dione (10 mmol), appropriate me-
thylene active compound (10 mmol), and so-
dium acetate (10 mmol, for the synthesis of
compounds 1, 5 and 6) in acetic acid (20 mL)
was heated under reflux for 30 min, then
cooled, and the obtained solid was filtered,
washed by water, absolute ethanol and ethoxy-
ethane, dried and crystallized from a mixture
dimethylformamide : ethanol (1:2).
5-(2-(9,10-Dioxo-9, 10-dihydroanthracen-
2-yl)hydrazineylidene)thiazolidine-2,4-dione
(1). Yield: (72 %); m.p.: 154-156 °C. '"H NMR:
0 7.86-7.90 (m, 3H, arom.), 8.07-8.14 (m, 4H,
arom.), 8.35 (s, 1H, NH), 12.00 (s, 1H, NH).
Anal. calcd. for (C;;HgN;0,S): C, 58.12; H,
2.58; N, 11.96. Anal. found: C, 58.28; H, 2.40;
N, 11.83. LC-MS: m/z 352 [M+H]".
2-(2-(4-Oxo-2-thioxothiazolidin-5-ylidene)
hydrazineyl)anthracene-9, 10-dione (2). Yield:
(68 %); m.p.: 152—154 °C. 'H NMR: & 7.60
(m, 1H, arom.), 7.86 (m, 2H, arom.), 8.03 (s,
1H, arom.), 8.12 (m, 2H, arom.), 8.23 (m, 1H,
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arom.), 10.98 (s, 1H, NH), 12.93 (s, 1H, NH).
Anal. caled. for (C;;HgN;05S,): C, 55.58; H,
2.47; N, 11.44. Anal. found: C, 55.70; H, 2.38;
N, 11.32. LC-MS: m/z 368 [M+H]".
3-(5-(2-(9, 10-Dioxo-9, 10-dihydroanthra-
cen-2-yl)hydrazineylidene)-4-oxo-2-thioxothi-
azolidin-3-yl)propanoic acid (3). Yield:
(78 %); m.p.: 154-156 °C. 'H NMR: 6 2.48
(m, 2H, CH,), 3.29 (m, 2H, CH,), 7.89-7.91
(m, 2H, arom.), 7.90-7.93 (m, 2H, arom.), 8.08
(d, 1H, J= 8.6 Hz, arom.), 8.14 (s, 1H, arom.),
8.20 (d, 1H, J =8.2 Hz, arom.), 9.31 (s, 1H,
NH). Anal. calcd. for (C,,H53N505S,): C,
54.66; H, 2.98; N, 9.56. Anal. found: C, 54.78;
H, 3.11; N, 9.40. LC-MS: m/z 440 [M+H]".
2-(2-(4-Amino-2-oxothiazol-5(2H)-ylidene)
hydrazineyl)anthracene-9, 10-dione (4). Yield:
(83 %); m.p.: >240 °C. '"H NMR: s 7.61 (d,
1H, J = 8.4 Hz, arom.), 7.87 (m, 2H, arom.)
7.93 (s, 1H, arom.), 8.12-8.14 (m, 3H, arom.),
9.29 (s, 2H, NH,), 10.81 (s, 1H, NH). Anal.
calcd. for (C;7H,;,\N,O5S): C, 58.28; H, 2.88;
N, 15.99. Anal. found: C, 55.11; H, 3.02; N,
16.14. LC-MS: m/z 351 [M+H]".
5-(2-(9,10-Dioxo-9, 10-dihydroanthracen-
2-yl)hydrazineylidene)imidazolidine-2,4-dione
(5). Yield: (69 %); m.p.: >240 °C. 'H NMR:
0 7.85-7.90 (m, 3H, arom.), 7.91 (d, 1H, J =
8.9 Hz, arom.), 8.10-8.20 (m, 3H, arom.), 8.32
(s, 1H, NH), 8.81 (s, 1H, NH), 10.54 (s, 1H,
NH). Anal. calcd. for (C,;H,,N,O,): C, 61.08;
H, 3.02; N, 16.76. Anal. found: C, 61.21; H,
2.82; N, 16.54. LC-MS: m/z 335 [M+H]".
5-(2-(9,10-Dioxo-9, 10-dihydroanthracen-2-
vl)hydrazineylidene)-2,2-dimethyl-1,3-diox-
ane-4,6-dione (6). Yield: (82 %); m.p.: >240 °C.
TH NMR: 6 2.39 (s, 6H, 2*Me), 7.80—7.95 (m,
5H, arom), 8.23 (d, 2H, J = 8.2 Hz, arom.),
10.18 (s, 1H, NH). Anal. calcd. for (C,yH;4N,O):
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C, 63.49; H, 3.73; N, 7.40. Anal. found:
C, 63.61; H, 3.52; N, 7.54. LC-MS: m/z 379
[M+H]".

5-(2-(9,10-Dioxo-9, 10-dihydroanthracen-
2-yl)hydrazineylidene)-2-thioxodihydropyrimi-
dine-4,6(1H,5H)-dione (7). Yield: (84 %);
mp >240 °C. 'H NMR: § 7.93-7.95 (m, 2H,
arom.), 8.08 (dd, 1H, J = 1.8, 8.5 Hz, arom.),
8.21-8.23 (m, 2H, arom.), 8.28 (d, 1H, J=8.5
Hz, arom.), 8.37 (s, 1H, arom.), 12.55 (s, 1H,
NH), 12.70 (s, 1H, NH), 14.13 (br.s, 1H, NH).
Anal. calcd. for (C,sH;(N,O,S): C, 57.14; H,
2.66; N, 14.81. Anal. found: C, 57.31; H, 2.52;
N, 15.00. LC-MS: m/z 379 [M+H]".

2-Cyano-2-(2-(9,10-dioxo-9, 10-dihydroan-
thracen-2-yl)hydrazineylidene)acetic acid (8).
Yield: (77 %); m.p.: >240 °C. 'H NMR:
o 7.89-7.91 (m, 2H, arom.), 8.03 (s, 1H,
arom.), 8.13 (d, 1H, J= 8.6 Hz, arom.), 8.17—
8.20 (m, 2H, arom.), 8.22 (d, 1H, J = 8.6 Hz,
arom.), 12.20 (s, 1H, NH), 14.00 (s, 1H,
COOH). Anal. calcd. for (C7HgN;O,): C,
63.95; H, 2.84; N, 13.16. Anal. found: C,
63.81; H, 2.99; N, 13.30. LC-MS: m/z 320
[M+H]*.

Ethyl 2-cyano-2-(2-(9,10-dioxo-9,10-dihy-
droanthracen-1-yl)hydrazineylidene)acetate
(9). Yield: (70 %); m.p.: 158-160 °C. '"H NMR:
1.33 (t, 3H, J = 7.1 Hz, Me,), 4.33 (q, 2H,
J=17.3 Hz, CH,), 7.90-7.91 (m, 3H, arom.),
8.18-8.20 (m, 3H, arom.), 8.34 (s, 1H, arom.),
9.46 (s, 1H, NH). Anal. calcd. for (C,gH3N50,):
C, 65.70; H, 3.77; N, 12.10. Anal. found: C,
65.87; H, 3.98; N, 11.99. LC-MS: m/z 348
[M+H]*.

Ethyl 2-(2-(9,10-dioxo-9, 10-dihydroanthra-
cen-1-yl)hydrazineylidene)-3-oxobutanoate
(10). Yield: (72 %); m.p.: 160162 °C. 'H
NMR: 1.31 (t, 3H, J = 7.0 Hz, Me), 2.41 (s,

3H, Me), 4.37 (q, 2H, J= 7.0 Hz, CH,), 7.71
(d, 1H, J= 8.1 Hz, arom.), 7.85-7.86 (m, 2H,
arom.), 7.93 (s, 1H, arom.), 8.07-8.10 (m, 3H,
arom.), 11.63 (s, 1H, NH). Anal. calcd. for
(CyoH [ 4N,05): C, 65.93; H, 4.43; N, 7.69.
Anal. found: C, 66.07; H, 4.68; N, 7.89. LC-
MS: m/z 365 [M+H]".

1-(2-(2,4-Dioxopentan-3-ylidene) hydra-
zineyl)anthracene-9,10-dione (11). Yield:
(68 %); m.p.: 150—152 °C. 'H NMR: 6 3.91 (s,
6H, 2*Me), 7.82 (d, 1H, J = 8.4 Hz, arom.),
7.89—7.94 (m, 2H, arom.), 8.08 (s, 1H, arom.),
8.17-8.23 (m, 4H, NH, arom.). Anal. calcd.
for (C,oH4N,0,): C, 68.26; H, 4.22; N, 8.38.
Anal. found: C, 68.04; H, 4.11; N, 8.58. LC-
MS: m/z 335 [M+H]".

Antimicrobial activity

Using the agar diffusion and serial dilution
resazurin-based microdilution tests (RBMA),
the synthesised compounds were evaluated
in vitro for their antibacterial and antifungal
properties [17]. For this, a 5.5 mm-diameter
agar well was filled with 100 pL (1 mg/mL)
of the tested compound. Using a calipers, the
diameter of the growth retardation was deter-
mined with a 0.1 mm error. As a control, the
discs containing dimethyl sulfoxide (DMSO),
vancomycin, ciprofloxacin, and clotrimazole
were employed. Due to limited solubility of
the test chemicals in diluted DMSO, pure
DMSO was used as a solvent. Additionally,
Petri dishes were incubated at 37 °C for
24 hours for bacteria and at 25 °C for 24—
48 hours for fungi using Mueller-Hinton agar
and Saburo agar (for fungi). The RBMA meth-
od required the addition of 15 mL of 0.02 %
resazurin to each well of a 96-well plate along
with 50 pl of nutritive medium (Mueller-
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O HN
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9 R!=CN, R? = COOC,H; 0
o 10 R! = COCH,, R? = COOC,H;

R?=COCH,

Scheme 1. Synthesis of polyfunctionalized 2-hydrazinoanthraquinones 1-11.

Hinton broth or glucose broth), 50 ul of the
suspension of the microbe (McFarland 2.0),
and 100 pl of the tested compounds. The
MALDI TOF method (Bruker, Bremen,
Germany) and 16S rRNA gene sequences were
utilised to identify the reference and clinical
microbial and fungal strains (Table 1). All
clinical isolates had various patterns of anti-
biotic resistance and were either extensively
drug-resistant (EDR) or multidrug-resistant
(MDR). A patient with healthcare-associated
infections (HAIs) from local hospital had cli-
nical strains isolated from them [18].
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Results

Chemistry

As a continuation of our studies on polyfunc-
tionalized anthraquinonehydrazones [15, 16,
19, 20] we performed the reaction of isomeric
2-(morpholinodiazenyl)anthracene-9,10-dione
with methylene active compounds to give the
corresponding hydrazine derivatives 1-11
(Scheme 1). The reaction is carried out in
acetic acid medium. In the case of synthesis
of compounds 1, 5 and 6 using methylene ac-
tive compounds with weak CH-acidity, name-
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ly thiazolidine-2,4-dione, 4-amino-2-o0xo-2H-
thiazole and imidazolidine-2,4-dione, anhy-
drous sodium acetate was added as a catalyst
to enhance deprotonation of an active methy-
lene group. Noteworthy, the interaction of
morpholinetriazene antraquinone with malo-
nonitrile under the similar reaction conditions

is accompanied with hydrolysis of the nitrile
group to the carboxyl group providing deriva-
tive 8.

The structure and purity of synthesized
compounds 1-11 were confirmed by the 'H
NMR and LC-MS spectral data. Thus, in the
'H NMR spectra of the synthesized com-

Table 1. In vitro antimicrobial activity of synthesized compounds (zone of growth inhibition at conc. 1 mg/mL

after 24—48 h)
Zone of growth inhibition (mm + SE)*
Gram-negative bacteria Gram-positive bacteria Fungi
g Reference strains Clinical strains Refergnce Clinical strains Refepence Clin%cal
g strains strains strains
é Pseudo- Staphy-
8 monfzs Ram{ltella Pseudo- Esche- Proteus lococcus Staphy- Entero- Can.dida. Candida
aerugino- | terrigena monas | o oli | mirabilis aureus lococcus coccus albicans albicans
sa (ATCC (ATCC putida N 168 N 113 (ATCC aureus faecalis (ATCC N 139
27853 33257) N 182 25923 N 23 N 26 885-653)
(F-51)) (F-49))
1 00 00 00 00 00 00 6.9+ 0.3 00 00 00
2 00 00 00 00 00 00 00 00 00 7.1£0.3
3 00 00 00 12.2+ 0.2 00 00 00 00 00 11.2+ 0.3
4 00 00 12.1+£ 0.2 00 00 00 00 00 00 00
5 00 00 12.2+0.2 00 00 00 00 00 00 11.2+ 0.3
6 00 00 00 00 00 00 6.4+ 0.3 00 00 00
7 00 00 00 9.9+0.3 00 00 00 10.2+0.4 00 00
8 00 00 00 00 00 00 00 00 00 00
9 00 00 00 00 00 00 00 00 00 00
10 00 00 00 00 00 00 00 00 00 00
11 00 00 00 00 00 00 00 00 00 11.4+0.2
DMSO 00 00 00 00 00 00 00 00 00 00
Vanco- - - - - - [320+05[11.4+03{9.0+02| - -
mycin
Cipro-
. 35.0+£0.3{30.0+£0.5(10.0+0.2|14.0+0.4|16.0+0.3|135.0£0.5{9.0£0.2 [10.0+£0.2 - -
floxacin
Clotri- ; - - - - - ; - |18.0+05[11.0£03
mazole

* Results shown with significantly difference from the control of the solvent (DMSO); Vancomycin 30 pg (inhibition zone 17—
21 mm for S.aureus); Ciprofloxacin 5 pg (inhibition zone 25-33 mm for Paeruginosa, 22—-30 mm for S.aureus, 3040 mm for
E.coli); Clotrimazole 10 pg (inhibition zone 12—17 mm for Candida spp; d of well 5.5 mm
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pounds, the signals of NH proton of the aryl-
hydrazo group were assigned at 8.20—
12.55 ppm. Characteristic aromatic protons of
the anthraquinone fragment of the synthesized
compounds are manifested by the signals be-
tween 7.60—8.37 ppm. The formation of com-
pound 8 as a product of spontaneous hydroly-
sis of the nitrile group to carboxyl was con-
firmed by the 'H NMR and LC-MS spectral
data. In the '"H NMR spectra of compound 8
the signal of carboxyl group appears as broad
singlet at d 14.00 ppm. The molecular ion peak
observed at m/z value of 319.0 [M + H]* in the
positive ionization mode in the mass spectrum
confirmed the formation of the target 2-cyano-
2-(2-(9,10-diox0-9,10-dihydroanthracen-2-yl)
hydrazineylidene)acetic acid 8.

Antimicrobial activity

According to the screening of antimicrobial
activity of polyfunctionalized 2-hydrazinoan-
thraquinones (Table 1), the highest activity was
shown by compounds 3, 4, 5, 7, 11. Thus, the
best activity among mentioned compounds was
shown by compound 5 against extensively
drug-resistant Pputida N182 and C.albicans
N139. Compound 3 displayed the activity
against multi-drug-resistant E.coli N168 and
C.albicans N139, similar to compound 7,

which showed the activity against E£.coli N168
and E.faecalis N26. Compound 4 possessed
the activity against Pputida N182. Compo-
und 11 showed the selective activity against
C.albicans N139. The tested compounds did
not possess the significant antimicrobial acti-
vity against Gram-positive microorganisms,
except for compound 7, which was active
against E.faecalis N26.

Five hit-compounds (Table 2) were tested
for the minimum inhibitory concentration
(MIC). The best activity showed compounds 5
and 11 against C.albicans N139 (93.5 uM),
and compound 5 against Pputida N182
(186.9 uM), which corresponded to the clotri-
mazole and ciprofloxacin result.

In general, the results of screening antimi-
crobial activity of 2-hydrazinoanthraquinones
revealed an absence of correlation of this type
of biological activity with the structure of the
CH-acid fragment of the studied compounds.
In particular, the anthraquinone-hydrazone
conjugates based on 4-thiazolidinone and its
structural analogs showed no appreciable an-
timicrobial activity, except for compound 5,
which contains an imidazolidine fragment. On
the other hand, a number of polyfunctional
anthraquinone hydrazones based on some he-
terocyclic compounds, in particular, Meldrum’s

Table 2. MIC value (nM) of compounds 3-5, 7 and 11 against bacterial and yeast species

M
Strain/Compound 3 4 5 7 - 11 Ciprofloxacin | Clotrimazole
Pseudomonas putida N 182 00 00 <186.9 - - <188.6 -
Escherichia coli N 168 00 - - 00 - <93.5 -
Enterococcus faecalis N 26 - - - 00 - <93.5 -
Candida albicans N 139 00 - <93.5 - <93.5 - <90.6

00 — results with no significant difference from the control of the solvent (DMSO); - not tested
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Table 3. Physicochemical and pharmacokinetic properties of the hit-compounds 3-5, 7 and 11.

3 4 5 7 11
Physicochemical properties
Molecular weight 439.46 350.35 334.29 378.36 334.33
Num. heavy atoms 30 25 25 27 25
Num. arom. heavy atoms 12 12 12 12 12
Num. rotatable bonds 5 2 2 2 4
Num. H-bond acceptors 6 5 5
Num. H-bond donors 2 2 3 1
Molar Refractivity 118.83 98.14 94.46 106.67 92.37
TPSA A2 173.53 139.28 116.73 148.82 92.67
Consensus log Po/w 2.35 1.94 1.04 1.24 2.54
Lipinski'Rule Yes Yes Yes Yes Yes
Pharmacokinetics
GI absorption Low High High Low High
BBB permeant No No No No No
P-gp substrate No No No No No
Log Kp (SP) (cm/s) (skin permeation) —6.42 —6.31 —6.78 —6.71 -5.32
Bioavailability Score 0.11 0.55 0.55 0.55 0.55

acid and thiobarbituric acid (compounds 6
and 7), and some alicyclic methylene active
compounds (compound 11), showed a moder-
ate level of antimicrobial activity against some
reference and clinical strains of microorga-
nisms.

Molecular and pharmacokinetic
properties

The molecular and pharmacokinetic properties
of hit-compounds 3-5, 7 and 11 were calcu-
lated using the SwisAdme online server of the
Swiss Institute of Bioinformatics [21]. Accor-
ding to these data, all compounds are suited to
drug-likeness parameters, and may exhibit
high gastrointestinal absorption (except 3 and
7), although do not cross the blood-brain bar-

rier. Since they were not shown to be P-glyco-
protein substrates in the tests, the polyfunc-
tionalized 2-hydrazinoanthraquinones could
not be connected to the drug’s excretion.

The compounds indicated above may have
minimal skin penetration across the cell mem-
brane due to their negative skin permeability.
All the predictive data allow considering the
hit-compounds 3-5, 7 and 11 as the prospec-
tive drug-like candidates for further in-depth
studies (Table 3).

Discussion

Similarly to other quinones, anthraquinone-
based derivatives manifest their pharmaco-
logical potential by implementing two mecha-
nisms of biological activity [22, 23]. The first

49



A. V. Lozynskyi, Yu. T. Konechnyi, O. M. Roman et al.

is based on the redox properties of anthraqui-
nones with further subsequent reduction and
re-oxidation under physiological conditions,
including the generation of reactive oxygen
species (ROS), in particular, superoxide anion
(Oy°), hydroxyl radicals (*OH) and hydrogen
peroxide (H,0,). The second mechanism, by
which anthraquinones interact with biotargets
is based on high electrophilicity, which allows
them to form covalent bonds with nucleo-
philic agents, especially with thiol groups of
glutathione, proteins, nucleophilic amino acid
groups [24]. As a result, this functionality
made it possible to identify various biologi-
cally active compounds among anthraqui-
nones, including antimicrobial agents [15, 25].

In general, antimicrobial resistance (AMR)
is a major issue in healthcare, and there is a
direct correlation between the spread of AMR
globally and the rise in the infectious disease
mortality, particularly from the infections
linked to healthcare. WHO forecasts that, by
2050, the AMR pathogens would surpass can-
cer as the leading cause of death globally,
exceeding the total effect of all other causes
of death. The WHO recommends the discovery
of novel synthetic compounds with antimicro-
bial activity as one of the most effective short-
term strategies for controlling AMR bacte-
ria [26, 27].

One of other interesting groups of com-
pounds with a polypharmacological profile,
the methylene active compounds (4-thiazolid-
inone-based derivatives, hydantoin, efc.) have
many reaction centers and are reasonably open
to chemical modification/combination with
other biophores. As a result, this class of che-
mical substances attracts keen attention in the
search for the “drug-like molecules” with an-
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timicrobial activity, effective against the di-
verse mechanisms of AMR, including HAIs
infections] [28].

EDR Pputida and especially the strains
resistant to carbapenems and fluoroquinolones
are particularly dangerous for the health care
system [29,30]. In our study, the tested com-
pound 5 showed significant antimicrobial ac-
tivity against P.putida with MIC like cipro-
floxacin, which allows it to be considered as
a potential drug-like molecule. Pputida is a
rare pathogen that causes various infections
[31], and our strain was isolated from a patient
with HAI pneumonia, which is interesting for
further research. Proteus mirabilis was an ob-
ject of our experiment, because it is a common
cause of community-acquired infections [32],
was isolated as HAI urinary tract infection
pathogen, and was multi-drug resistant.

Candida albicans is the most common fun-
gal pathogen. Recently, the drug resistance of
C. albicans is increasingly severe. The thera-
peutic potential of antifungal 4-thiazolidinone-
based derivatives is a promising strategy to
develop novel antifungal agents. In our study,
the tested compounds 5 and 11 showed the
significant antimicrobial activity against C. al-
bicans with MIC like clotrimazole, which al-
lows it to be considered as a potential drug
candidate molecule.

Compound 5, which showed both a selec-
tive effect on Pputida and an antifungal effect,
provokes interest but the mechanism of its
action requires further research. Compound 5
also demonstrated antimicrobial activity
against planktonic forms Pputida and fungi,
which may indicate a bacteriostatic mechanism
of action, in particular on protein synthesis
[33], but this too needs further study. The high
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activity of derivative 5 is probably caused by
the presence of an imidazolidine fragment in
the structure, which is the basis of several
highly active antimicrobial agents [34, 35].
Accordingly, the combination with another
pharmacophore fragment, namely the anthra-
quinone core, make it possible to obtain the
hit compound for further in-depth study.

Drug-likeness descriptors (Lipinski and
Veber rules) for synthesized compounds were
calculated with SwissADME. Thus, Lipinski’s
rule states that an orally active drug/compound
should pass the following criteria: molecular
weight (MW) < 500 Da, number of H-bond
donors (HBDs) < 5, LogP < 5, number of
H-bond acceptors (HBAs) < 10. Veber et al.
identified two other relevant descriptors: num-
ber of rotatable bonds (NBR) < 10 and polar
surface area (PSA) < 140 A2 [36]. SwissADME
computational analysis of the tested polyfunc-
tionalized 2-hydrazinoanthraquinones indi-
cated no violations of these rules, suggesting
that they would display well-behaved gastro-
intestinal absorption or permeation.

Conclusions

New polyfunctionalized 2-hydrazinoanthraqui-
nones 1-11 have been synthesized with high
yields via azo-coupling reaction using 2-(mor-
pholinodiazenyl)anthracene-9,10-dione and
methylene active compounds.

The preliminary results of antimicrobial
activity allowed us to identify the active com-
pound 5, which has shown the best activity
against extensively drug-resistant P.putida
N182 and C.albicans N139. It revealed a po-
tential for in-depth study of the mentioned
compound for the construction of novel anti-
microbial agents.
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Hogi nosidpyaxuionajabHi moxinHi
2-riipa3suHOAHTPAXiHOHY SIK NMOTEeHUiliHi
AHTUMIKPOOHI areHTH

A. B. Jlosuncekuii, 1O. T. Koneunuii, O. M. Poman,
B. 4. Topimmiii, O. I1. Cabanax, C. M. Ilaciyauk,
P. T. Koneuna, B. I. lllynentok, T. M Tapac,

P. b. Jlecuk

Merta. CuHTe3 1 T0CHTiHKEHHS HOBHX MOTi()YHKIIIOHATEHIX
2-Tipa3uHOAHTPAXIHOHIB SIK TOTEHIIHHNX aHTUMIKPOOHHX
areHTiB. MeToamn. OpraHiyHui CHHTE3, CIIEKTPOCKOMIS
SIMP ta xpomaro-mac-CrieKTpoMeTpisi, MeTox qudys3ii B
arap Ta MIKpOMeToJ| CepiliHuX po3BeneHb. Pesyibrarm.
Bzaemoniero 2-(MopdomironiazeHin)anTpares-9,10-mgioHy
3 METHJICHOBUMH aKTHBHHUMH CIIOJyKaMH B CEPEIOBHIII
OLITOBOT KMCJIOTH CHHTE30BaHO PsiJl MOXITHUX aHTpaxXiHOH-
rigpasony. CKpHHIHI aHTUMIKpOOHOI aKTHBHOCTI BUSIBHB
CIIOJTYKH 31 3HAYHMM BIUTMBOM Ha JOCII/DKYBaHI MiKpo-
opranizmu 3i 3Ha4eHHsIM MIK <186.9 MxM. Crionyxkw 5 i
11 3 MIK <93.5 MKM e(deKTHBHI POTH APIkKIKOBUX
rpubiB, a cionyka 5 3 MIK <186.9 MxM edexTnBHa 1po-
TH TIOJTIPE3UCTEHTHOT 10 aHTUOI0THKIB Pputida. BucHOBKH.
CHHTE30BaHi MOXiHI TiAPa3HHOAHTPAXIHOHY € IIiIKABOIO
OCHOBOIO 11 CTBOPEHHSI HOBUX CHHTETHYHHX areHTIB 3
QHTUMIKPOOHOIO aKTHBHICTIO.

Kawo4yoBi cJioBa: aHTpaxiHOHM, METHJICH aKTHBHI
CHOJIYKH, 4-Tia30J11iIMHOHH, aHTUMIKPOOHA aKTHBHICTb.
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