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B xo00e uccneoosanua pazpaboman memoo noOYyUeHUA HEUUKIUYECKO20 MPEX38eHHO20
npooykma (T311) ¢ 4-yuxnozekcunghenoxcuzpynnamu u e2o MemailoKOMNIEKCo8 C 2aliuem, me-
O0bl0 U UUHKOM, UCXOOHBIMU COCOUHEHUAMU O CUHME3Ad KOMOPbIX AGAAIOmMcA 3,5-0uamuHo-
1,2,4-mpua3zon (zyanaszon) u 4,5-ou(4-uuxnozexcunghenoxcu)pmanonumpun. Beioop npexypcopos
00vACHACmMCA MeM, YUMo 2YaHaA30Jl U €20 NPOU3BOOHbLE UCNONBL3YIOMCA 8 Kayechee 1eKapcmeen-
HbIX Npenapamos u HepcneKmueHbl 0711 XUMUYECKOU MoouduKkayuu, a 6edenue 00bLeMHbIX
2Pynn npuoaem mpua3zoico0epiHcamium coOeOUHeHUAM PaAcmEeoPUMOCHb 8 WUPOKOM CneKmpe op-
2aHUYeCKUX pacmeopumeneil, cnocooHocms hopmuposamsb mezogazsl 6 pacmeope uiu npu
Hazpeeanuu, a makdxice KamaiumuyecKue, ceHCopHble, ayopecuenmusie ceoicmea u omoou-
Hamuueckytlo akmuenocms. Takum obpazom, cmpykmypHblie 0COOEHHOCIU IMUX HPEKYPCOPOS
Hn036071A10M C030A6aMb YYHKYUOHATIbHbIE MAMEPUATIBL C RPAKMUYECKU NOTE3HbIMU CEOTICIEAMU.
Cunme3s YuK102eKCUNPEeHOKCUIAMEULCHHO20 MPEX3I6EHH020 NPOOYKMA OCYyUieCmenaiu 00oaee-
nuem 4,5-ou-(4-yuknozexcungpenoxcu)pmanonumpuna K pacmeopy memuiama Hampus, nocie
Ye20 6 PeaKyUOHHYI0 MACCY 6HOCUIU XT0PUO AMMOHUA U 2yaHa301. CuHme3 MemaiioKOMNAeKCOo8
npoeoounu peaxyueil eviuieykazannozo T3l ¢ auemamamu Ga, Cu, Zn ¢ 2-amokcusmanoJe.
Cmpoenue noayuyenHpIxX cOeOUHEHUIl 00OKAZAHO C NOMOWLLIO COBPEMEHHBIX (YUUKO-XUMUUECKUX
Memo008 ucciedosanusa. Iloxazana 603moxncHocms ux oanvhenuieco NPAKMUUECKo20 npumMene-
Husa. Botnoanen in silico npozno3s, nokazaeuuii 6b1COKy10 6epoAmMHOCHb RPOAGIEHUA OUOI02UYe-
CKUX, AHMUOAKMEPUATILHBIX U HPOMUBOZPUOKOBBIX CEOIICME, A 3HAUUM UeNeCO0OPA3ZHOCMb CUH-
me3a evlOpannvix mojiexyn. CoenacHo npozHo3y 01 UCCIe0YeMblX COeOUHEHUTL 8bIABICHA GbICO-
Kasa 6epoaAmnocmov NpPOoAIAeHUA OUOI0ZUYECKUX, AHMUOAKMEPUAIbHBIX U NPOMUEOZPUOKOBBIX
ceoiicme, umo 2060pum 0 YeaecoodpPaIHOCmU CUHMe3a 8blOPAHHBIX MO1EeKY1. Anmudaxmepua,-
Hble CBOIICMEA CUHMEIUPOBAHHBIX HPOOYKHLO08 UCCTE008AHbI OUCKOOUPDDYZUOHHBIM MEmOOOM
(I/IM) na neckonbKux mecmoewix Kyapsmypax: Hauodonee iphexkmugnvim cocmagom, odecnequ-
8AIOUUM MAKCUMATIbHYIO 30HY UHZUOUPOBAHUA POCHA OAKMEPUIL, CHAl MPEX36CHHbLIL NPOOYKM
C 2anniuem, 4mo oenaem €20 UHMeEPECHbIM 8 Kauecmee HOMeHYUAIbHO20 AHMUDAKMepUanbHo20
JIeKapCMEEeHHO20 NPenapama K ZpamompuyamenabHolmM WmMammam.

Kuarouessle ciioBa: 4-niuknorekcuiaderon, 4,5-1u(4-mukinoreKcuieHoKCH ) PTaToHUTPUI, CHHTE3, TIPO-
THO3 OMOJIOTHYECKOW aKTUBHOCTH, aHTUMUKPOOHBIE CBOHCTBA
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In the course of this study, a method was developed for obtaining a non-cyclic three-unit
product (TUP) with 4-cyclohexylphenoxy groups and its metal complexes with gallium, copper and
zinc the parent compounds for the synthesis of which are 3,5-diamino-1,2,4-triazole (guanazole)
and 4,5-di(4-cyclohexylphenoxy)phthalonitrile. The choice of precursors is explained by the fact
that guanazole and its derivatives are used as drugs and are promising for chemical modification,
and the introduction of bulky groups imparts to triazole-containing compounds solubility in a wide
range of organic solvents, the ability to form mesophases in solution or upon heating, as well as
catalytic, sensory, fluorescent properties and photodynamic activity. Thus, the properties of these
precursors make it possible to create functional materials with practically useful properties. The
synthesis of cyclohexylphenoxy-substituted three-member product was carried out by adding 4,5-
di-(4-cyclohexylphenoxy)phthalonitrile to a sodium methylate solution, after which ammonium
chloride and guanazole were added to the reaction mass. The synthesis of metal complexes was
carried out by the reaction of the above-mentioned TUP with Ga, Cu, Zn acetates in 2-ethoxy-
ethanol medium. The obtained compounds structure was confirmed using modern physicochemical
research methods. The possibility of their further practical application was shown. An in silico
prediction was performed, which showed a high probability of biological, antibacterial and anti-
fungal properties exhibit, and therefore the feasibility of the selected molecules synthesis. The an-
tibacterial properties of the synthesized products were studied by the disk diffusion method (DDM)
on several test cultures. The most effective composition, providing the maximum zone of bacterial
growth inhibition, was a three-link product with gallium, which makes it interesting as a potential
antibacterial drug for gram-negative strains.

Keywords: 4-cyclohexylphenol, 4,5-di(4-cyclohexylphenoxy)phthalonitrile, synthesis, biological activ-

ity prediction, antimicrobial properties
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Recently, the creation of functional materials
with specified properties is based on the principles of
"green chemistry"”, which offer a completely rational
management of chemical processes: energy saving,
substance saving, waste prevention, rejection of initial
toxic substances, reduction of the number of interme-
diate stages, energy saving, product life cycle assess-
ment, etc [1-4]. Macrocyclic compounds are interest-
ing objects for obtaining materials with useful proper-
ties. Aromatic macroheterocycles (Mc) are analogs of
porphyrins, but represent a compounds special struc-
tural group [5], fundamentally different in their physi-
cochemical characteristics and reactivity [6]. As a re-
sult of further functionalization, these compounds can
be given a useful properties wide range (solubility in
water, intense luminescence, receptor and catalytic
properties, etc.) [7]. Chemical modification of the mac-
rosystem is carried out by introducing pharmacophoric
fragments [6, 7] or substituents at the periphery [8], as
well as various biogenic metals [9, 10].
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It is known that 3,5-diamino-1,2,4-triazole
(guanazole) and its derivatives are used in medicine as
drugs [11]. The introduction of cyclohexyl groups can
impart to triazole-containing compounds [12] solubil-
ity in chloroform, the ability to form mesophases in so-
lution or upon heating [13], as well as catalytic [14],
sensory [15], fluorescent [16] properties and photody-
namic activity [17]. Taking into account the properties
of these precursors, it is possible to create functional
materials with practically useful properties.

Therefore, the aim of this work was to synthe-
size triazole-containing three-unit products with 4-cy-
clohexylphenoxy groups as promising functional ma-
terials.

EXPERIMENTAL-METHODICAL PART

The study was carried out using the resources
of the Center for Collective Use of Scientific Equip-
ment of the ISUCT.
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IR spectra were recorded on an AVATAR 360
FT-IR spectrometer. Samples in the tablets form were
prepared by thoroughly grinding the test compound in
KBr and pressing, or dissolving in an organic solvent
and applying the solution to the RS with subsequent
evaporation of the solvent.

MALDI-TOF mass spectra were obtained on a
Shimadzu Biotech Axima Confidence mass spectrom-
eter in positive ion mode using DHB (2,5-dihydroxyben-
zoic acid), CHCA (a-cyano-4-hydroxycinnamic acid) as
a matrix. Samples were prepared by dissolving the test
compound in chloroform (C = 10 — 10 mol/l).

Thin-layer chromatography (TLC) was per-
formed on aluminum plates coated with a layer of silica
gel 60 F254 (E. Merck). Silica gel grade Silica 60 0.05-
0.20 mm (Macherey-Nagel) was used for column chro-
matography.

The prediction of the synthesized compounds
biological activity spectrum was carried out in the PASS,
CLC-Pred and Anti-Bac-Pred programs [18, 19].

For a comprehensive assessment of the drug-
like compounds characteristics, the freely available
WAY2DRUG web portal [18, 19] was used, which in-
cludes bioinformatics’ methods for data processing
and drug design on a single platform.

The antibacterial activity of the synthesized
products was assessed using the disk diffusion method
(DDM) at the M.B. Stoyunin Regional Anti-Tubercu-
losis Dispensary on three bacterial strains: Escherichia
coli, Staphylococcus aureus, Staphylococcus Epider-
midis. These bacterial species were chosen as they are
widely used in microbiological studies [20].

Synthesis of the parent compounds. 4,5-Bis(4-
cyclohexylphenoxy)phthalonitrile 1 [12], guanazole 2
[21] were obtained according to a known methods.

Synthesis of N3,N5- bis[(12)- 5,6- bis(4- cyclo-
hexylphenoxy)- 3- imino- 2,3- dihydro- 1H- isoindole-
1- ilidene] - 1H- 1,2,4- triazole- 3,5- diamine (3)

4,5-Bis(4-cyclohexylphenoxy)phthalonitrile 1
(0.86 g, 2 mmol) was added to a sodium methoxide so-
lution prepared by dissolving 0.16 g (6,8 mmol) of me-
tallic sodium in 20 ml of methanol at 20-25 °C and
stirred at this temperature for 2 h. After holding, am-
monium chloride and 0.4 g (1 mmol) of guanazole 2
were added to the reaction mixture and the temperature
was raised to 40 °C. The reaction mass was mixed for
8 h. After holding, the mixture was cooled and poured
into water. The formed precipitate was filtered and
washed with water, ether and dried in air.

Yield: 1.0 g (95%). IR spectrum, 8, cm™*: 3420
(NHva)), 3379 (NHuiazol), 1590-1530 (NHger), 1500-
1450 (C=C), 1275-1040 (C-O-C). MALDI-TOF
(CHCA) m/z: 1052 [M+H]". '"H NMR (500 MHz,
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CDCls), 3, ppm: 1.38 s (8H, c-hex H4); 1.82 m (8H,
c-hex, H2.6); 2.41 m (8H, c-hex, H3.5); 2.98 m (4H,
c-hex, H1); 4.34 s (2H, =NH); 7.08 d (8H, OPh,
H3.5, J = 8.3 Hz); 7.14 s (8H, Pc, H3.6); 7.31 d (8H,
OPh, H2.6, J = 8.1 Hz); 7.65 m (8H, OPh, H2.6).

Synthesis of substituted triazoles metal com-
plexes (4a-c).

General procedure: a mixture of 0.31 ¢
(0.5 mmol) of TUP 3 and 0,5 mmol of Ga, Cu, Zn ace-
tates in 15 ml of 2-ethoxyethanol was kept at 80 °C for
90 min. Then mixture was the poured into water, the
precipitate was filtered, washed with water, methanol
and dried.

Synthesis of (2Z,21Z)- 6,7,17,18- tetrakis(4-
cyclohexylphenoxy)- 10,14- diimino- 2,11,13,22,24,25,
26- heptaaza- 12- cuprahexacyclo[21.2.1.03!,0*°,0132,
0] hexacoza- 1(26),2,4,6,8,15,17,19,21,23- decaen-
12- yl acetate (4a).

The compound was obtained from 3 and 0.08
g of copper acetate Cu(CHsCOOQ),-H,0. Yield: 0.18
(53%). MALDI-TOF (DHB), m/z: 1173 [M+2H]". 'H
NMR (500 MHz, CDCls), 6, ppm: 1.29 s (8H, c-hex
H4); 1.89 m (16H, c-hex, H2.6); 2.43 m (16H, c-hex,
H3,5); 2.58 m (4H, c-hex, H1); 4.63 s (2H, =NH); 7.04
d (8H, OPh, H3.5, J = 8.0 Hz, 1H); 7.14 s (8H, Pc,
H3.6); 7.31 d (8H, OPh, H2.6, J = 7.9 Hz).

Synthesis of (2Z,217)- 6,7,17,18- tetrakis(4-
cyclohexylphenoxy)- 10,14- diimino- 2,11,13,22,24,
25,26- heptaaza- 12- zinchexacyclo[21.2.1.0%1.0%°.
0132L,0"%] hexacoza- 1(26),2,4,6,8,15,17,19,21,23- de-
caen- 12- yl acetate (4b).

The compound was obtained from 3 0.08 g of
zink acetate Zn(CH3COO),-2H-0. Yield: 0.19 (56%).
MALDI-TOF (DHB), m/z: 1159.08 [M+H]". H SIMP
(500 MHz, CDCls), 8, m.x.: 1.29 s (8H, c-hex H4); 1.89
m (16H, c-hex, H2.6); 2.43 m (16H, c-hex, H3.5); 2.58
m (4H, c-hex, H1); 4.95 s (2H, =NH); 7.08 d (8H, OPh,
H3.5, J = 8.2 Hz, 1H); 7.14 s (8H, Pc, H3.6); 7.31 d
(8H, OPh, H2.6, J = 8.3 Hz).

Synthesis of (2Z,217)-6,7,17,18 tetrakis(4 cyclo-
hexylphenoxy)-10,14-diimino-2,11,13,22,24,25,26 -hep-
taaza-12-gallahexacyclo-[21.2.1.0%.0%9,01%2 01520
hexacoza-1(26),2,4,6,8,15,17,19,21,23 -decaen-12-
yl (4c).

The compound was obtained from 3 and 0.08 g
of gallium acetate Ga(CHs;COO)2-H;O. Yield: 0.23
(68%). IR spectrum, &, cm™: 3292 (NHyai), 1590-1530
(NHger), 1500-1450 (C=C), 1275 (C-O-C). MALDI-
TOF (DHB), m/z: 1176 [M*]. 'H NMR (500 MHz,
CDCls), 9, ppm: 1.45 s (8H, c-hex H4); 1.84 m (8H, c-
hex, H2.6); 2.41 m (8H, c-hex, H3.5); 2.58 m (4H, c-
hex, H1); 6.99 s (8H, Pc, H3.6); 7.05 d (8H, OPh, H3,5,
J=8.0 Hz); 7.14 s (8H, Pc, H3,6); 7.31 d (8H, OPh,
H2,6,J = 8.1 Hz).
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RESULTS AND DISCUSSION

In the synthesis of cyclohexylphenoxy-substi-
tuted three-unit product 3 (three-unit product -TUP 3)
(Scheme 1), 4,5-di(4-cyclohexylphenoxy)phthalonitrile 1
was added to a sodium methylate solution in methanol
at 20-25 °C, stirred for 2 hours, then ammonium chlo-
ride and guanazole 2 were added, heated to 40 °C,
mixed for 8 h, then cooled and poured into water. The

resulting precipitate was filtered, washed with water,
ether and dried in air.

The synthesis of metal complexes of TUP 4a-
¢ with copper, zinc and gallium was carried out by
heating a mixture consisting of TUP 3 and Ga, Cu, Zn
acetates in 15 ml of 2-ethoxyethanol (Scheme 2). The
product was isolated by pouring the reaction mass into
water, after which the precipitate was filtered, washed
with water, methanol, acetone, chloroform and dried.

N—NH

i/ )\
i = CH;ONa, CH;0H, 20 °C, 1.5-2 h; ii = HZN/LN/ NH,, 40 °C, 8 h.

0]

Cxema 1
Scheme 1

i=(CH;C00),M /ii =(CH;C00);Ga,
EtOC,H ,OH, 80 °C, 90 min.
M = Cu (a), Zn (b), Ga (c)

N—N  (OAc)

/& )‘~N

4c

Cxema 2
Scheme 2
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All the obtained compounds were character-
ized by physicochemical methods of analysis.

The mass spectra of the synthesized com-
pounds contain peaks of the target products, as well as
fragmentation products. The coincidence of the m/z
values with the molecular ion mass, as well as the mo-
lecular ions characteristic distributions with the calcu
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lated values, confirms the structure of compounds 3,
4a-c.

Figure shows the MALDI-TOF mass spectrum
of TUP 3, recorded using a-cyano-4-hydroxycinnamic
acid (CHCA) as a matrix, in which there is a single sig-
nal of the molecular ion with m/z = 1052.60 Da, i.e.
corresponding to the molecular mass [M+H] of TUP 3.

1052.6021{r4501}

1053.6054{r4559}

1054.6187{14120)

1055.6343{14423}

& .] Lii

400 500 600 700 800

900 1000 1100 1200 1300 140¢
miz

Puc. MALDI-TOF macc-criextp 3 (CHCA)
Fig. MALDI-TOF mass-spectrum of 3 (CHCA)

The IR spectrum of compound 3 contains ab-
sorption bands in the region of 3420-3292 cm™ and
1590-1530 cm?, caused by stretching and deformation
vibrations of N-H bond of imino groups, in the region
of 1500-1450 cm?, corresponding to stretching vibra-
tions of C=C bonds of aromatic systems. In addition,
there are absorption bands related to stretching vibra-
tions of the C-O-C bonds (1275-1040 cm™).

As a result of complex formation, the spectral
pattern changes significantly. The band in the region of
3200-3500 cm?, caused by stretching and deformation
vibrations of the N-H bond of imino groups, disappears
during complex formation. It is also interesting that
during the formation of gallium complex 4c, the band
at 3379 cm®, which refers to the NH bond of the tria-
zole ring, also disappears, since gallium is a trivalent
metal, unlike copper and zinc, and is coordinated with
the nitrogen atom of the triazole ring.

The *H NMR spectra of the synthesized com-
pounds - three-unit product 3 and its metal complexes
4a-c - were studied. The signals were assigned by com-
paring the experimentally obtained and theoretically
calculated *H NMR spectra in the ChemDraw program.

The signals in the weak field region at 7.3-
6.9 ppm correspond to protons of phenol fragments. In
the strong field region (2.91-1.23 ppm) 4 intense poorly

ChemChemTech. 2025. V. 68. N 7

resolved signals of protons of cyclohexyl substituents
are observed.

In the spectrum of compound 3 in the region of
4.0-4.5 ppm there is a broadened signal corresponding
to the protons of the acyclic imino groups of isoindole
fragments, also observed in the spectra of metal com-
plexes (4a-c). The signals related to the protons of the
4-cyclohexylphenoxy groups are observed both in the
spectrum of TUP 3 and metal complexes 4a-c and their
location remains virtually unchanged.

One of the most important tasks of pharmaceu-
tical chemistry is the search for and development of
safe drugs [18, 22]. The design of new drugs is a labo-
rious and long process. In order to reduce the time spent
on searching for a molecule with given properties and the
least toxic effect, programs have been developed that al-
low one to evaluate biological activity based on the
structural formulas of organic compounds [23].

Prediction of the biological activity spectrum
using the PASS program allowed to conclude which
enzymes would be most likely to be affected by the
structures studied (Table 1).

Calculations showed that the complex of cy-
clohexylphenoxysubstituted TUP with gallium 4c can
exhibit activity against non-Hodgkin's lymphoma with
a probability of 90,8-91%.
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In addition, complex 4c is potentially capable
of inhibiting platelet-derived growth factor receptor ki-
nases (Pa = 0.687; Pi = 0.007), i.e. regulating prolifer-
ation, differentiation, and cell growth, as such hinder-
ing the development of oncological diseases.

Using the Anti-Bac-Pred program, we deter-
mined the possibility of using the synthesized com-
pounds in medicine. It was found that compound 4c
can be active against gram-positive cocci bacteria with
a probability of 12% (Table 2), i.e. it is possible to in-
clude this molecule in the composition of a drug that
can potentially be used to treat various purulent-in-
flammatory diseases.

Table 1
Prediction of the biological activity spectrum of 4c using
the PASS program
Taobnuya 1. IIporuo3 cnekrpa 6M010rMYeCcKO AKTHB-
HOCTH 4C, BBINOJHEHHBIH mporpammoii PASS

Pa Pi Activity
0.908|0.001 | Antineoplastic (non-Hodgkon’s lymphoma)
0.882(0.002 Macular degeneration treatment
0.873(0.002 Antineoplastic (multiple myeloma)
0.850(0.003 Antineoplastic enhancer
0.841{0.005 Apoptosis agonist
0.801|0.004 Antineoplastic (solid tumor)
0.769|0.004 Restenosis treatment
0.739(0.003 Antineoplastic (brain cancer)
0.644|0.006 Atherosclerosis treatment
0.603[0.005 | Antineoplastic (non-small cell lung cancer)

Note: *Pa - "to be active", Pi - "to be inactive"
IIpumeuanwue: *[1a - ObITh aKTUBHBIM, [11 - OBITH HEAKTUBHBIM

Table 2
The prediction antibacterial activity spectrum of 4c
Taénuya 2. ITIporuo3 cnekTpa aHTHOAKTEPUATILHOM aK-
TUBHOCTHU COCIMHCHUSA 4c

No Name Confidence
1 Staphylococcus 0.1189
2 | Stable Stenotropomonas maltophilia 0.0631
3 Porphyromonas gingivalis 0.0582
4 | Salmonella enterica subspecies enterica| 0.0447
5 Listeria monocytogenes 0.0284
6 Prevotella intermedia 0.0008
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The assessment of the correctness of the anti-
bacterial activity spectra prediction was carried out at
the M.B. Stoyunin Regional Anti-Tuberculosis Dis-
pensary on three bacterial strains: Escherichia coli,
Staphylococcus aureus, Staphylococcus Epidermidis.

The results of the disk diffusion method
(DDM) study showed that gallium complex 4c exhibits
antibacterial activity against the indicated strains, since
it is when using 4¢ that the maximum inhibition zone
(11 mm) is observed, i.e. microorganisms are de-
stroyed or their growth is slowed down [19].

Thus, as a result of the present work, a new tri-
azole-containing three- unit product containing 4-cy-
clohexylphenoxy groups on the periphery, as well as
its metal complexes with gallium, zinc, copper ions,
which will allow in the future to obtain macroheter-
ocycles of various structures, were synthesized. The
possibility of using in silico assessments for the exper-
imental development of a pharma composition based
on an acyclic product with gallium as a potential anti-
bacterial drug for gram-negative strains was shown.
The antibacterial activity of the three- unit product with
gallium 4c, which provides the maximum zone of inhi-
bition of bacterial growth, was found.

The study was carried out using the resources
of the Center for Collective Use of Scientific Equip-
ment of ISUCT and with the financial support of the
state assignment of the Ministry of Education and Sci-
ence of the Russian Federation, topic No. FZZW-
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HUccneoosarnue 6binosineno ¢ ucnoib306aHuem
pecypcoe lleHmpa KOJIEKMUBHO2CO NOJIb306AHUA HAYY-
Huim 00opyoosanuem UT'XTY u npu punancosoti noo-
oepoicke 2ocyoapcmeennoco 3adanus Munucmepcmea
obpazosanus u Hayxu Poccuiickoti ®edepayuu no
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Aemopul  3aaenarom 00 OMCYMCMEUU KOH-
@auxma unmepecos, mpedyoue2o pacKkpuimus 8 OaH-
Hol cmambe.
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