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HYDRAZIDE OF o-HYDROXYBENZOIC ACID
AND ITS ERIVATIVES. SYNTHESIS AND PROPERTIES

Abstract. The article presents the results of a study by the authors of the article on the development of new ways
of synthesis and study of the biological activity of hydrazide derivatives of o-hydroxybenzoic acid. Methods for the
preparation of hydrazone, oxadiazole, thiosemicarbazide, 1,2,4-triazole-3-thionic derivatives and methods for their
further modification are described. The condensation reaction of hydroxybenzoic acid hydrazides with 1-deoxy-
2,3.4,6-tetra-O-acetyl-D-glucopyranosyl isothiocyanate synthesized their corresponding acetylated glycosyl-contai-
ning thiosemicarbazide derivatives. The structures of the synthesized compounds were studied by 'H and '*C NMR
spectroscopy, as well as by the data of two-dimensional spectra of COSY ("H-"H) and HMQC (*H-'3C). The values of
chemical shifts, multiplicity, and integrated intensity of 1H and 13C signals in one-dimensional NMR spectra were
determined. Using spectra in the formats COSY (‘H-'H) and HMQC ('H-'3C), homo- and heteronuclear interactions
were established, confirming the structure of the compounds under study. The results of evaluating their antimicrobial,
anti-inflammatory and cytotoxic activity (in vitro) on cultures of human monocytic cell lines MonoMac-6 and THP-
1Blue are described.
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Introduction. Modification of the structure of known bioactive substances widely used in medical
practice is still one of the main approaches in the search for new drugs. One of the promising substrates for
the modification of substrates is the molecule of o-hydroxybenzoic acid (salicylic acid (SA). Many
derivatives of o-hydroxybenzoic acid (salicylates) have been used in medical practice as non-steroidal anti-
inflammatory drugs since the middle of the last century (since 1876) [1-5]. They combine this action with
an analgesic and antipyretic effect. Derivatives such as acetylsalicylic acid (ASA, aspirin), sodium salicy-
late, salicylamide (SAM), methyl salicylate are used in medicine as analgesics (analgesic), antipyretics
(antipyretic) and antiplatelet agents (antithrombotic) [1-4]. P-hydroxybenzoic acid methyl ester (methyl-
paraben, nipagin, methyl-4-hydroxybenzoate) has been used as a preservative and antiseptic [3-3].

Most drugs of the salicylate group also have similar side effects: a damaging effect on the mucous
membrane of the gastrointestinal tract, impaired renal function, and some others [2-6]. In the scientific
literature there is evidence of antimicrobial, antifungal [6-9], psychotropic, antitumor, antipyretic, antiflam-
matory and cytotoxic properties of various hydroxybenzoic acid derivatives [10-14].

According to recent data, derivatives of SA can be considered as bioregulators, which are synthesized
by the body itself and perform protective functions. And this allows us to rethink the role of SA in the
pathophysiology of humans and animals. In recent years, interest in derivatives of o- and p-hydroxybenzoic
acids has increased again [6-12], due to the relevance of the search for new antibacterial drugs. In this regard,
an important task is the development of new and improvement of known methods for the synthesis of new
derivatives of SC. In this regard, we found it interesting to study hydrazone, oxadiazole, thiosemicarbazide,
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1,2,4-triazole-3-thionic, and other derivatives of these synthons. New derivatives of SC should be charac-
terized by increased biological activity in combination with low toxicity and less pronounced side effects.

In this work, we generalized some of our own results of the synthesis of o-hydroxybenzoic acid
hydrazide derivatives (salicylic acid (SA). These studies are aimed at searching for new antimicrobial
derivatives and ways for their further modification. The initial o-hydroxybenzoic acid hydrazide (2) was
obtained by the interaction of methyl salicylate (1) with hydrazine hydrate [15-17].

OH OH
C[ o NH,-NH,*H,0
¢ 2

OCH, NHNH,
1 2

The obtained 2 was subsequently reacted with various functionally substituted aromatic aldehydes to
produce new N-arylidenchydrazones (3).

The condensation reaction was carried out by heating equimolar amounts of aldehydes and (2) in
ethanol at 60—70°C for 3-5 hours [15-17].
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The products of reaction 3 are white crystallizable substances that are soluble in many organic solvents;
the yield of compounds is 70-90%.

The structure of all the obtained N-arylidenchydrazones of o-hydroxybenzoic acid was proved using
IR and 'H, *C NMR spectroscopy, and the composition was determined by elemental analysis. Spin-spin
interactions in these substances, carried out between H-H and H-C atoms through one or more bonds, were
established using the two-dimensional spectra of COSY (‘H-"H) and HMQC (‘H-*C) (figures 1 and 2)
[15,16].

f‘{"“; %

Figure 1 — Correlation of COZY ('H-'H) of compound 3f Figure 2 — Correlation of HMQC ('H-13C) of compound 3f

To prove the spatial structure of the derivatives of N-arylidenchydrazones of p-hydroxybenzoic acid,
an X-ray diffraction study of N-(5-bromo-2-hydroxybenzylidene)-4-hydroxybenzohydrazide (3b) was
performed (figure 3).
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Figure 3 — The spatial structure of the molecule. N-(5-bromo-2-hydroxybenzylidene)-4-hydroxybenzohydrazide (3b)

The carbonyl group and the hydrazide fragment are convenient synthons for heterocyclization. The
study of the scintillation efficiency of a large number of various organic substances has led to the discovery
of new, very promising classes of compounds, one of which is the class of oxadiazoles [2-5]. In this regard,
it was of interest to us to synthesize new oxadiazole derivatives based on 2 and orthoformate. Orthoform
ether is widely used in organic chemistry for the synthesis of various heterocyclic systems [9-13]. The
interaction of 2 with a triple amount of orthoformate ester while boiling the reaction mixture led to the
formation of 2-substituted 1,3,4-oxadiazole (4) [17]:
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The synthesized compound 4 is a crystalline substance soluble in many organic solvents. In the 'H
NMR spectrum of compound 4, the signals of o and [} protons of the aromatic ring are recorded in the field
of weak fields: Ha doublet at 7.98 ppm. and HB 6.98 ppm. The proton of aromatic hydroxyl appears singlet
at 10.53 ppm. The methylene proton signal appears in the region of 9.22 ppm. narrow singlet.

The addition of hydrazides to various isothiocyanates is one of the convenient methods for the synthesis
of substituted thiosemicarbazides [4,10-12], which are interesting substrates for the formation of various
heterocycles, including heterocyclic ensembles. We carried out a series of nucleophilic addition reactions
of o-hydroxybenzoic acid hydrazide to various isothiocyanates. The reactions were carried out in an alcohol
medium at equimolar ratios of the reactants. The synthesized compounds S are white crystalline substances
that are readily soluble in polar organic solvents [18,19].
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In the IR spectra of synthesized compounds 5, an absorption band appears in the region of 1330-1310
cm', which is characteristic of the -NH-CS group of the thiosemicarbazide fragment, and absorption bands
of the amide group C(O)NH appear in the region of 1690-1675 cm™ and -NH- groups in the region of 3390-
3360 cm™.

In the "H NMR spectrum of allylthiosemicarbazide o-hydroxybenzoic acid (5a), signals and protons of
the aromatic ring are recorded in the field of weak fields: doublet H at 7.78 ppm. (Jun=8.7 Hz) and doublet
H at 6.81 ppm. The proton of aromatic hydroxyl manifests itself as a singlet at 10.09 ppm. Amide and
thioamide N-H protons are also written out in the field of weak fields in the form of three singlets in the
region of 10.06 ppm. (Hi), 9.25 ppm. (H>) and 8.2 ppm. (H3). The methine proton Hs of the vinyl fragment
appears as a complex multiplet in the region of 5.82 ppm. The methylene protons Hs, and He, of the same
vinyl fragment are manifested by two doublets in the region of 5.04 ppm. and 5.14 ppm with the spin-spin
interaction constant Jus.msv—=17.27 Hz. Methylene protons of the NCH,-fragment manifest themselves in the
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region of 4.09 ppm. in the form of an expanded triplet. The ratio of integrated intensities corresponds to

structure 10a.
1 OH

//O 11a
2 €5 6 7 8§ 9 10 _H
NHNH-C-NH-CH, CH,-0-C=C_
4 I H H

3
5d 11b

When analyzing the '"H NMR spectrum of compound 5d, characteristic signals of protons of the
aromatic ring are observed. So, signals of aromatic protons H; - Hs are registered in the field of weak fields:
doublet H; at 6.97 ppm, triplet H; at 7.45 ppm, triplet H; at 6.92 ppm, doublet Hy at 7.87 ppm The signals
of the four methylene protons Hs, Ho of the oxyethyl moiety appear as two triplets in the region of 3.70 ppm.
and 3.80 ppm. The methine proton Hio of the vinyl residue is written out as a doublet of doublets in the
region of 6.50 ppm. The methylene protons Hi1, and Hi1, of the same vinyl fragment are manifested by two
doublets in the region of 4.00 ppm. and 4.21 ppm The proton of aromatic hydroxyl appears singlet at 8.30
ppm. Amide and thioamide N-H protons are written out as three singlets in the region of 11.92 ppm. (Hs),
10.58 ppm. (Hs) and 9.55 ppm. (H7) [15-19].

In order to study the spatial structure and stereochemistry of salicylic acid hydrazide derivatives, an X-
ray diffraction study of salicylic acid N-furanoylthiosemicarbazide (5g) was carried out. A general view of
the 9g molecule is shown in figure 4.

Figure 4 — The spatial structure of the molecule. Salicylic Acid N-Furanoylthiosemicarbazide (5g)

The phenolic cycle is flat with an accuracy of £ 0.003 A. The furan ring is flat with an accuracy of
+0.002 A. The phenolic cycle, relative to the main skeleton of the molecule, is slightly developed, almost
lying in the plane of the remaining atoms. This position of the phenolic cycle is explained by the presence
of a strong intramolecular hydrogen bond N1H ... O1, which holds the hydroxyl group and does not allow
the cycle to take an energetically favorable position, i.e. turn around 900. Also, the molecules in the package
are connected by another intermolecular H-bond, which forms endless ribbons along the crystallographic
axis b.

In order to study the properties of new potentially bioactive substances, we [19-21] carried out a number
of preparatively convenient chemical transformations with the obtained thiosemicarbazides, which led to
the production of 1,2,4-triazole-3-thions (6).
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R = CH,=CH-CH,- (6a); CH;CH,- (6b); C¢Hs- (6¢); CH,=CHOCH,CH,- (6d)

The thiosemicarbazides (5) of o-hydroxybenzoic acid were cyclized in 6 by boiling for 2-3 hours in an
aqueous solution of caustic potassium followed by acidification with acetic acid.

In the IR spectra of the obtained new triazoles 6b there is no absorption band characteristic of the amide
carbonyl (C = O) and in the region of 1272 cm-1 there is an absorption band for the thiocarbonyl group
(C=9).

When analyzing the "H NMR spectrum of compound 6b, characteristic signals of the protons of the
aromatic ring are observed. So, signals and protons of the aromatic ring are registered at 7.48 ppm. (Juouno
=8.6 Hz) and 6.93 ppm. in the form of two doublets, respectively. In a weak field, signals of proton aromatic
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hydroxyl are recorded at 10.09 ppm. and thioamide N-H proton at 13.79 ppm. in the form of two small
broadened singlets. Signals of methyl group protons resonate at 1.15 ppm. (Jumr = 7.1 Hz) as a triplet and a
methylene group at 4.01 ppm. (Juz = 7.2 Hz) as a quartet.

In order to establish the spatial structure of the synthesized triazoles 6, an X-ray diffraction study of
the 4-cthyl-5-(2-hydroxyphenyl)-1,2 4-triazole-3-thione (6b), 4-(2-hydroxyethyl)-5- molecule was carried
out (2-hydroxyphenyl)-2H-1,2,4-triazolo-3(4H)-thione (6d) and crystalline hydrate 4-allyl-3-(4-hydroxy-
phenyl)-1H-1,2 4-triazole-5(4H)-thione (6a), a general view of them is shown in figures 5-7 [20-22].

0w c7

R

Figure 5 — Molecule structure. Figure 6 — The spatial structure of the molecule.  Figure 7 — Molecule structure. 4-allyl-3-
4-ethyl-5-(2-hydroxyphenyl)- 4-(2-hydroxyethyl)-5-(2-hydroxyphenyl -2H- (4-hydroxyphenyl)-1H-1.2 4-triazole-
1,2,4-triazole-3-thione (6b) 1,2.4-triazolo-3(4H)-thione (6d) 5(4H)-thione (6a)

The five-membered triazole cycle N1N2N3C7Cs of compound 6d is flat with an accuracy of £0.0028 A
The sulfur atom leaves the plane of these atoms at +0.079 A. The flattening of this cycle occurs in our
opinion due to the conjugation of the electron densities of double bonds N1=N, and Cs=S;. The atoms of the
phenolic cycle are coplanar with an accuracy of £0.0012 A, the output of the O1 atom is -0.074 A from the
plane of the remaining atoms. The phenolic cycle is in equatorial orientation relative to the triazole cycle
(torsion angle N;C;C,C; =32,84°). An intramolecular hydrogen bond O,HO,... N; is observed in the
molecule, which significantly affects the rotation of the phenolic ring relative to the five-membered ring.
The bulky substituent at the N3 atom is oriented equatorially.

The triazole ring is flat of compounds 6a with an accuracy of £ 0.005 A, the allyl group is rotated
perpendicular to it, the p-hydroxyphenyl substituent at — 42.7°. A similar reversal of the phenyl cycle is
observed in the molecule of 4-amino-3-(4-cthoxyphenyl)-1,2,4-triazole-3-thione (torsion angle N;CsCoCio-
41,5°) |23]. However, it should be noted that the turn of the phenyl substituent from the packing of molecules
in the crystal can vary significantly. For example, in the 3-phenyl-4,5-di-hydro-1,2,4-triazole-3-thione
molecule, the torsion angle is N;CsCoC10-7,9° [24], and in the 4-allyl-5- (2- hydroxyphenyl) -2,4-dihydro-
1,2,4-triazole-3-thione torsion angle N:1CsCoCi0-78,8° [25]. In the crystal, the molecules are connected by
intermolecular hydrogen bonds, forming flat ribbons along the ¢ axis, which, in tum, are crosslinked by
hydrogen bonds.

The above described triazole reaction allowed us to synthesize a number of interesting compounds for
screening for biological activity [26]. The alkylation of triazole 11c¢ with benzyl chloride in an alcohol
solution and monochloracetic acid in an aqueous medium in the presence of potassium hydroxide gave 5-S-
substituted triazoles 7, 8, 13, 14.

H
CICH,C¢Hs ON_N

OH / )\
/N—NH N~ SCH,C¢Hs
):s — 7 |
CeHs
Hs CICH,COOH OH
e N—N
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8
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In the 'H NMR spectrum of compound 8, along with the proton signals of two aromatic rings, 6.79-
7.49 ppm. and two hydroxyl groups of 10.16 and 12.95 ppm. there is an intense singlet at 4.07 ppm related
to the methylene group CHo.

In order to obtain new thiosemicarbazide derivatives, we [17, 26] also synthesized monosubstituted
thiosemicarbazide derivatives by the reaction of o-hydroxybenzoic acid hydrazide (2) with potassium
thiocyanate. The reaction was carried out in a dilute solution of hydrochloric acid at 95°C for 4 hours.

oH
> + K—N=C=S — 0

O —_— N= =
e 95°C Z

S
~
L NHNH, , NHNH—PJ—NHZ

The IR spectrum of thiosemicarbazide o-hydroxybenzoic acid (9) contains absorption bands of stret-
ching vibrations of the NH2 group in the region of 3305-3240 cm™. In the region of 1660 and 1270 cm™,
absorption bands of carbonyl C=0 and thiocarbonyl C=S groups are present, respectively.

When analyzing the NMR spectrum of compound 9, characteristic signals of the protons of the aromatic
ring are observed. So, signals of aromatic protons H;-H4 are recorded in the field of weak fields: doublet H1
at 6.89 ppm, triplet H2 at 7.42 ppm, doublet Hz at 6.93 ppm, doublet H, at 7.81 ppm The proton of aromatic
hydroxyl appears singlet at 9.42 ppm. Amide and thioamide N-H protons are written out as three singlets in
the region of 11.89 ppm. (Hs), 10.52 ppm. (Hs) and 7.9 ppm. (H7).

In organic chemistry, the synthesis of cyclic sulfur-containing compounds is given great importance in
view of the presence of valuable biological properties. Derivatives of the cyclic system of 1,3,4-thiadiazole
are widely used as medicines, oxidation inhibitors, cyanine dyes and complexing agents with metals. The
main method for the synthesis of the thiadiazole system is the cyclization of thiosemicarbazide in a strongly
acidic medium [27].

To obtain 5-(o-hydroxyphenyl)-2-(amino)-1,3,4-thiadiazole (10), we [26] cyclized the thiosemicar-
bazide of o-hydroxybenzoic acid (9) in an acidic medium (H>SO4) for 20 hours As a result of the corres-
ponding treatment, 5-(2-hydroxyphenyl)-2-(amino)-1,3,4-thiadiazole (10) was isolated in 75.6% yield, and
so on. 265-266"C.

OH OH
it
7 i -H,0 C}I\I_]:{C—NH
SNHNH-C-NH, N7 2
9 10

In the IR spectrum of 5-(2-hydroxyphenyl)-2-(amino)-1,3,4-thiadiazole (10) there are no absorption
bands of the C=S group. Absorption bands: at 3305-3255 cm™' are caused by stretching vibrations of the
NH: group, 1605cm™ are characteristic of the C=N bond. Absorption bands are also observed in the regions
of 1515, 1480, 1390, 1235, 1040, and 860 cm™', characteristic of vibrations of the 1,3,4-thia-diazole ring
[28], and absorption bands at 1320-1300 cm™ are valence C-N bond vibrations in aromatic amines

As is known, glycosyl isothiocyanates play a large role in the chemistry of carbohydrates, being
synthons in the synthesis of various biologically active compounds [30]. In addition, it is known that the
introduction of carbohydrate residues into the structure of biologically active substances leads to an increase
in their solubility in water, a sharp decrease in toxicity [31] and prolonged action of drugs [32].

In connection with this condensation of hydrazides 3, 4 with 1-deoxy-2,3,4,6-tetra-O-acetyl-D-gluco-
pyranosyl isothiocyanate, the corresponding acetylated glycosyl-containing thiosemicarbazide derivatives
of o-hydroxybenzoic acid were synthesized (11) [16,33,34].

S

d CH,0Ac CH,0Ac T

o HN—C—NHNH—C

+ —_—
C//O OAc N=C=S OAc
R
SNHNH, AcO AcO Ao
11

O
3 OAc
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It was found that 1-isothiocyano-1-deoxy-2,3,4,6-tetra-O-acetyl-D-glucopyranose quite readily reacts
with o-hydroxybenzoic acid hydrazide in an o-xylene solution at room temperature. The synthesized
compound 11 was obtained with a yield of 57.8% and after recrystallization from a mixture of isopropanol-
hexane is a white crystalline substance, readily soluble in many organic solvents, except saturated hydro-
carbons.

All compounds 3 were tested to evaluate their anti-inflammatory activity (in vitro) on cultures of human
MonoMac-6 monocytic cell lines. The anti-inflammatory effect was evaluated as the ability of a compound
to inhibit lipopolysaccharide (LPS)-induced production of pro-inflammatory cytokines interleukin-6 (IL-6)
and tumor necrosis factor (TNF) in MonoMac-6 cells. The cells were treated with the compound for 30 min,
then LPS (0.5 ng / ml) was added to the cell culture. Cytokine levels were evaluated after 24-hour incubation.
Cytokines were measured in cell supernatants using an enzyme immunoassay (ELISA). The effective
concentration, which suppresses the response by 50% (IC50), was found using regression analysis using
dose-dependent curves. As a result, it was found that all the studied hydrazone do not suppress LPS-induced
production of IL-6 and TNF in MonoMac-6 cells.

Compounds 3 were studied to evaluate their effect on the activity of the neutrophil elastase enzyme
(EC 3.4.21.37) (table 1). Elastase activity was evaluated as the ability of a compound to hydrolyze a
synthetic substrate N-methylsuccinyl-Ala-Ala-Pro-Val-7-amino-4-methylcoumarin  (Calbiochem). The
formation of a florescent product was measured with excitation of 355 nm and emission of 460 nm on a
Fluoroskan Ascent 'L instrument. An effective concentration causing a 50% inhibition of enzyme activity
(IC50) was found by regression analysis.

Table 1 — The inhibitory activity of hydrazones against human neutrophil elastase

No Compound 1Cs0, uM
3a N-(4-fluorobenzylidene)-2-hydroxybenzohydrazide N.D.=?
3b N-(5-bromo-2-hydroxybenzylidene)-2-hydroxybenzohydrazide 333
3c 2-hydroxy-N-(4-methoxybenzylidene)benzohydrazide N.A.
3d 2-hydroxy-N-(2-hydroxybenzylidene)benzohydrazide N.A.
3e 2-hydroxy-N-(4-hydroxybenzylidene)benzohydrazide 97.8
3g N-(3-ethoxy-4-hydroxybenzylidene)-2-hydroxybenzohydrazide 78.8
3f N-(2-benzylidene-ethyl styrene)-2-hydroxybenzohydrazide N.D2
3h 2-hydroxy-N-(4-((E)styryl)benzylidene )benzohydrazide N.D.®
2 the compounds are rapidly hydrolyzed, which is accompanied by either a decrease or an increase in intrinsic fluorescence
at 460 nm; 9 the compound has a high level of intrinsic fluorescence.

As a result, it was shown that some hydrazones, in particular N-(5-bromo-2-hydroxybenzylidene)-2-
hydroxybenzohydrazide (3b), N-(3-cthoxy-4-hydroxyben-zylidene)-2-hydroxybenzohydrazide (3g),
2-hydroxy-N-(4-hydroxybenzylidene) benzohydrazide) (3e) inhibits neutrophil elastase activity.

Study of the fluorescence spectra of the compounds N-(2-benzylidene-octylene)-2-
hydroxybenzohydroside (3f) and 2-hydroxy-N-(4-((E)styryl) benzylidene)benzohydrazide (3h) during their
spontancous hydrolysis, were recorded on a Perkin Elmer LS50B instrument at ie=355 nm. N-(2-
Benzylidene-ethylstyrene)-2-hydroxybenzohydroside (3f) has a specific fluorescence peak (hex=355 nm;
hem=475 nm). In an aqueous medium, 3f is almost completely hydrolyzed in 10 min, which is accompanied
by the disappearance of fluorescence in the region of 460-475 nm and the appearance of a peak of weaker
fluorescence at =395 nm (fig. 8A). 2-Hydroxy-N-(4-((E)styryl)benzylidene)benzohydrazide (3h) has a
specific fluorescence peak (hex=355 nm; hen=460 nm). In an aqueous medium, 3h is almost completely
hydrolyzed in 20 min, which is accompanied by an increase in fluorescence at 2=460 nm (figure §B).

As a result, it was found that spontaneous hydrolysis of hydrazone 3f and 3h, proceeding presumably
in the imino group >C=N-, is accompanied by a change in the fluorescence spectra of the solution. The
synthesized compounds underwent biological tests for the presence of antimicrobial activity under the
supervision of PhD. Akhmetova S.B. on the basis of the Department of Microbiology of the Karaganda
State Medical University.
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Figure 8 — Kinetics of the fluorescence spectra of hydrazides 3f and 3h at k=355 nm (gap width 5 nm)

The obtained experimental data allow us to conclude that substances 3a and 3b exhibit weak anti-
bacterial activity against strains of gram-positive bacteria Staphylococcus aureus, Bacillus subtilis, gram-
negative strains of Escherichia coli, Pseudomonas aeruginosa and to vyeast Candida albicans (for
comparison, bacteria and nystatin for the yeast C.albicans).

The synthesized compounds 5a, 5g, 6d passed biological tests for antimicrobial activity [16]. As a
result of the bioscreening, it was found that the compound N-allyl-2-(2-hydroxybenzoyl)-hydrazinocar-
bothioamide (5a) exhibits pronounced activity against gram-positive strains (Staphylococcus aureus,
Bacillus subtilis). Substances 5g and 6d exhibit moderate antibacterial activity against gram-positive
(Staphylococcus aureus, Bacillus subtilis). Compounds Sa, 5g, 6d show a moderately pronounced activity
against the gram-negative strain of Escherichia coli and Pseudomonas aeruginosa with a pronounced
antifungal effect against yeast Candida albicans.

Compound 6d was tested for growth-promoting properties in the biotechnology laboratory of Kazakh
Research Institute of fruit growing and viticulture (Almaty). The test was carried out on the processes of
common beans, a verified concentration of thizogenesis regulators -10, 50 and 100 mg/l. An analysis of the
data showed that the test growth regulator at different concentrations contributes to better root formation of
beans compared to water. The greatest effect on the root formation of the test compound compared to the
standard preparation (akpinol) was obtained at a concentration of 50 mg/l. The tested preparation showed
rhizogenic activity on bean processes, but it depended on the concentration of the growth regulator.
Compounds 5a-d and 6a-d were tested to evaluate their anti-inflammatory and cytotoxic activity (in vitro)
on cultures of human monocytic MonoMac-6 and THP-1Blue cell lines.

The anti-inflammatory effect was evaluated as the ability of the compound to suppress lipopoly-
saccharide (LPS)-induced production of pro-inflammatory cytokines interleukin-6 (IL-6) and tumor
necrosis factor (TNF) in MonoMac-6 cells, as well as NF-kB-dependent production of alkaline phosphatase
(ALP) ) in transfected 7THP-1Blue cells. The cells were treated with the compound for 30 minutes, then LPS
(0.5 pg/ml) was added to the cell culture. Cytokine or alkaline phosphatase levels were evaluated after 24-
hour incubation. Cytokines were measured in cell supernatants using an enzyme immunoassay (ELISA).
AP production was measured using a specific Quanti-BlueTM substrate. The level of cytotoxicity was
evaluated using the chemiluminescent Cell7iter-Glo kit. The effective concentration, which suppresses the
response by 50% (IC50), was found using regression analysis using dose-dependent curves (at least 5 con-
centrations). As a result, the investigated thiosemicarbazides Sa-d and 1,2.4-triazolthione 6a-d were non-
cytotoxic and inactive in the anti-inflammatory test in vitro at concentrations <100 uM.

Compounds Sa-c were tested for antioxidant (antiradical) activity. The antiradical effect of the samples
was carried out against the DPPH radical. Under the conditions of this test system, sample 5S¢ showed
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pronounced antiradical activity, for which a concentration was determined that could reduce the optical
density of a 100 uM solution of the DPPH radical by 50%. For N-phenyl-2-(2-hydroxybenzoyl)hydrazine-
carbothioamide (Sc), the IC50 (DPPH) was 15.5 uM.

The compound N-(2,3.4,6-tetra-O-acetyl-B-D-glucopyranosyl)-2-(2-hydroxybenzoyl)hydrazinocarbo-
thioamide (11) passed a screening test for antimicrobial activity. It was found that this compound exhibits
moderate antibacterial activity against gram-positive (Staphylococcus aureus, Bacillus subtilis) and gram-
negative Escherichia coli strain, as well as yeast Candida albicans.

Thus, the above material demonstrates the feasibility and prospects of the search for highly effective
biologically active substances among the new multifunctional derivatives of o-hydroxybenzoic acid
hydrazides. The functionality of o-hydroxybenzoic acid hydrazide and its derivatives emphasize the need to
continue work in the field of synthesis of biologically active substances, which may ultimately lead to the
identification of new biologically active drugs.
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o-THIPOKCHBEH301 KBITIKELI THAPA3SWAI MEH OHBIH TYBIHILLTAPEL
CHHTE3 )KOHE KACUETTEPI

AnnoTanmust. Makanazna aBTopiaapasiH o-THAPOKCUIOCH30H KbIIIKBIT THAPA3H TY bIHABLIAPBIHBIH OHOIOT HALTBIK
OCIICEHALNITIH CHHTE3ACY NiH KOHE 3EPTTEYIiH KAHA TOCLTACPIH »Kacay HOTIDKEIEPl YCHIHBUFAH. 0-1 HAPOKCHOCH30H
KbIIIKBUTBIHBIH THAPA3HATCPIHIH KYPBUIBICHIHBIH 6TC YIKCH CHHTCTHUKAJBIK JKOHEC OMOIOTHSUIBIK MOTCHIUAIBI Oap
€KEHi, 0JIap OHBIH >KaHA OMOJOTHSIIBIK OCJICCH I KOCBUIAPEIH CHHTE3CY 9ICTEMENEPiH >KacayFa MYMKIHAIK OepeTiHi
kepceTinmi. Omapra KemeciIe yKcac KOCAIKBI 3HAHABI OCSPIICPAiH TOH CKCHI KOPCETLIII . AAAMHBIH 1KY PBLTBICHIHBIH
JKyKa KadaTerHA, OYHPEKTIH IYPBIC KYMBICTHI iCTCY KBI3METIHC >KOHC Tarbl Oackamapra. Feoumeivm ogeOuerre okcu-
OCH30H KBIIKBUIBIHBIH 9P TYPIi TYBIHIBLIAPBIHBIH MHKPOOKA KAPCHI, ICIKKE KapChl, aHTHITUPETTI, aHTH(IIOMATOPIIBI
JKOHE IUTOTOKCHKAIBIK OCCPIICPl TyPajbl ACPSKTSP 0ap CKCHI AHBIKTATABL. OACOUCTTCPACT] CATHUIIHI KbIITKBLIBIHBIH
OPTYPJ TYBIHABLIAPBIHBIH KACHETTEPl TYypaibl MOIIMETTEpi OOWBIHINA KBIMIKBUIABIK TONTAP HETI3IHAC OpPBIH
anMacyap OMApABIH JKOFAPHl TCMIICPATY PAHBI TOMCHACTCTIH, AHAJITCTHKAIBIK, KAOBIHYFa KAPCHUIBIK KACHCTTCPIHIH
CaKTaJIATBIHBIH YKOHE 0JIAP/IBIH KYPBLUIBICHIHIA KaHA OHOIOTHSITBIK OCICCHIUTIKTSPAiH Maiaa O0TATHIHBIH AHBIKTAJIIBL.
AJ camuuun KeIMIKBUIBIHBIH ()eHMTIl TOOBI OOMBIHINA OpPBIHAIMACYJAP OJapAa TyOepKyJe3re KapChbUIBIK, ()yHTH-
OUATIK, MEKPOOTapFa KapChUIbIK, AHTHICIPECCAHTTHIK SKeeTiHi kepceTimmi. OChl TYpFbiga ONApAbIH KONTETCH
TYBIHABLIAPBIHAA, OACTANKBI CYOCTPATKA TOH, ay Pyl KOWIBIPATHIH, ACHE BICTHIFBIH TOMCHICTKIZETIH KACHETTEPIIH
cakranarsiHbl aHBIKTAIAE (R” = NHo», CI, Br, NO- xone 6ackamap). OCbl KaTapaaFrsl KONTCTSH OHOIOTHATBIK OCTICCHIL
3aTTap HETI3IHEH MOJCKYJAHBIH OacTamnKkbl KYPHUIBICBIMEH CYTCKTIK OalIaHBICTAPABI TY3ETIH aMHHIL YKOHE aMHUATI
TONTAPAAH, JKOHC MOJICKYNAJTAPABIH Op TYPIl PCHCHTOPIAPMCH KAKSTTI KOHPOPMAMMAIBIK TICH COHKCCTITIKTI
KaMTaMachlI3 ETETiH apOMATThI TONTAPAAH TYPATHIHBI KOpceTineail. I mapa3oH/Isl, OKCaaua30abl, THOCEMUKAPOA3HATI,
1,2.4-Tpra30:1-3-THOHABI TYBIHIABLIAPABI TAHBIHIAY SMICTEPI YKOHE OJAPBI OPi Kapal e3repry dJicTepi CHITATTAIFAH.
IMuapazoH TyBIHABIIAPHIHA ABACTHA PETIHAEC SPTYPIL APOMATTHIK aNbACTHATEP KOTIAHBUFAH: 4-(pTopOeH3aIbACTHA,
5-0poM-2-THAPOKCHOCHRAMBICTH, 4-MCTOKCHOCH3AMBACTHA, 2- U 4-THAPOKCHOCH3AMBACTHATED. o-] HapokcHOCH301H
KBIMIKBUT THAPA3HIIHIH THOCCMHKAPOASHATI TYBIHABLIAPHI ALTHI-, 3THI-, ()CHHUI-, aKPHIOHIT-, ()ypaHOHIH30THO-
IOUAHATTAP B! KOJIAAHA OTHIPBIN CHHTE3AETEH. 1-1e30kcn-2,3,4,6-rerpa-O-anernn-3-D-rmoKonupaHo3iI H30THOIHA-
HaThl 0ap THAPOKCHOCH30H KBINIKBLUIBI THAPAZHATCPIHIH, KOHACHCAIMS PEAKIMSCH OJAPIBIH COHKEC AUCTHIICHTCH
TJIMKO3HIIL Oap THOCEMHUKApOa3ua Ty bIHABLIAPSI cuHTE3Ael. 1-U30THommano-1-1e30kcn-2,3,4,6-rerpa-O-anerun-f3-
D-raroKONMPaHO3ABIH O-THAPOKCHOCH30M KBIMIKBLT THAPAZHAIMEH O6JIME TEMICPATypPachIHIA KOHE O-KCHIIOIN
CPITICIiHAE PEAKIMAFA JKCHIN TYCETiHI AHBIKTATAEL CHHTE3ACITEH KOCBUIBICTAPABIH KypeUIbiMEL 'H skone 1*C SIMP
CIIEKTPOCKOMMACHIMEH, coHbIMEH Katap COZY (‘H-'H) sxone HMQC ("H-'3C) eki emmemai CrIeKTpIepiHiH MoIiMeET-
TepiMen 3eprremnai. Bipemuema IMP crnekrprepingeri 'H xone *C CUTHAIIAPBIHBIH XUMUSITBIK, bIFBICY BIHBIH,
KOOCUTYIHIH KOHE MHTETPAJIBI KAPKBIHIBUIBIFBIHEIH MoHI anbkranapl. Cnckrprepai COZY (‘H-'H) sxone HMQC
(‘*H-13C) (opMaThiHIa KOJNIAHY, TOMO- JKOHE TETEPOHYKICAPIBIK OPEKETTECYNIEP KYPHUIIbL, Oy 36PTTENETIH KOCHI-
22
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JBICTAPABIH, KYPBUIBIMBIH pacTaiasl. CHHTE3ACITCH KOCBUIBICTAPABIH ImiHaeri OeceyiniH: N-(5-0poM-2-ruapokcu-
OcH3UMMIEH)-4-THAPOKCHOCH30THAPA3HATIH,  N-(QypaHOMITHOCEMHKAPOAZUATIH,  4-3THI-5-(2-THAPOKCU(PEHILT)-
1,2,4-1pna301-3-THOHHBIH, 4-(2-THAPOKCHITHN)-5-(2-ruapokcu(penmn)-2/1-1,2 4-rpuazono-3(4H)-tnonnsH (6d), 4-
anm-3-(4-runpoxcuenmn)-1/1-1,2,4-rpuazon-5(4/1)-THOHHBIH KCHICTIKTIK KYPBUTBIMBI PSHTTCHKYPBLTBIMIBI AHA-
JIA3 APKBLIBI IOICIACHTCH. MOHO MHKPOOKA KAPCHI, KAOBIHYFA KAPCHI )KOHE HTOTOKCHKAJBIK OCIICCHALTITIH (in Vitro)
amaMHBIH MOHOUHUTAPIBIK Mono Mac-6 xore THP-1Blue skacymamsIk SKCTICpi KyIbTypajapslHAa Oaramay
HOTWKENepi cunarTaiFad. KaObIHyFa Kapchl OCJICEHIUTIK HOTHKECIHE OapibIK 3epTTeJTeH TuapaszoHaap MonoMac-6
skacymanapsiHaa 1L-6 sxome TNF eHiMzmepiH KOUMANTHIHBI aHBIKTAABL. [ HAPA30H TYBIHABIIAPBIHBIH HEHTPO(IIT
3nacra3a (QpepMeHTiHIH OcaceHmimrine ocepin Oaranay motmwkecinae (EC 3.4.21.37) kebip TyBIHOBLIAP, aTam aiT-
Karga N-(5-0poMo-2 -THAPOKCHOCH3MIAACH)-2 -THApOKcHOCH30THApa3u (3b), N-(3-3TOKCH-4-THAPOKCHOCH3MITHICH)
-2-THOPOKCH-OCH30THAPA3H, 2-THAPOKCH-N-(4-THAPOKCHOCH3WINACH)OCH30THAPAZHA HEHTPO(HI 37aCTa3aCHIHBIH
OCICEHMIMITIH TOKEHTIHIITT aHBIKTaNFaH. MHUKPOOKAa Kapchl sKYPTi3iareH OMOCKPHHUHT HOTHXKECI OipHeme KOChI-
JBICTAPBIH AWKBIH YKOHE OpTaIna OEICEHAITIKTEPiHiH O0ap eKeHAIriH kepceTkeH. N-DeHn-2-(2-ruapoKCHOCH30MIT)-
ruapazuakapooruoamun JOI -pagukanbHa KapChl aHKbIH AaHTHPATUKAIIEI OCTICCHILTIKTI KOPCETTI.
Tyiiin ce3aep: o-THAPOKCHOCH30H KbIIIKBIIBI THIPA3HIL, THOCEMHUKAPOA3H I, THAPA30H, OKCOIHA30M.
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TUIAPA3HJ o-THAPOKCUBEH30MHON KHCJIOTHI ¥ ET'O IPOU3BOIHBIE.
CHHTE3 U CBOMCTBA

Annotanus, B cTaTtbe mpeacTaBICHBI PE3y TBTATHI HCCICIOBAHHA IO Pa3paO0TKS HOBBIX IyTCH CHHTE3A H HCCTIC-
JOBAHHA OMOJIOTHYICCKON AKTHBHOCTH THAPASHIHBIX MPOU3BOIHBIX O-THAPOKCHOCH30MOHW KHCIOTHL. [loka3aHo, UTO
CTPYKTypa THAPAZUIAOB /-THAPOKCHOCH30MHON KHCIOTHI 0071amacT OONBIMUM CHHTCTHUYCCKMM W OHONOTHUYCCKHM
TMOTCHITHAJIOM, YTO ACT BO3MOYKHOCTB PA3pabOTKH MECTOIO0B CHHTE3a HOBBIX OHOJIOTHUCCKH AKTHBHBIX BEIICCTB. MM
MPUCYINH W CXOZHBIC TMOOOYHBIC >(P(PEKTH: MOBPSIKIAIONMICE ACHCTBHC HA CIU3HUCTYIO OOOIOYKY SKCIyI0YHO-
KHIICYHOTO TPAKTa, HAPYIICHUC (DYHKIMH MOYCK W HCKOTOPBIC ApyTHE. B HAyw1HOH mTepaType HMEIOTCS JaHHBIC 00
AHTHMHKPOOHBIX, AHTH()YHTATBHBIX, MPOTHBOOIYX0JICBBIX, AHTHIHPCTHICCKUX, AHTH(IAMOTOPHBIX U LHTOTOKCH-
YECKHX CBOWCTBAX PA3IHYHBIX NMPOM3BOAHBIX OKCHOCH30HHOM KHCIOTHL M3 aHamm3a JIMTEpATypPHBIX JAHHBIX IO
PA3THYHBIM TPOHU3BOJHBIM CATHIHIOBOH KHCJIOTHI MHOTHC 3aMCHICHHSA MO KHCJIOTHBIM TPYNIaM 0OCCICUHBAJH
COXPAHCHHUE KAPOTIOHWKAFOIINX, AHATBI C3HPYIOIUX, MPOTHBOBOCTIAJHTCIFHBIX CBOHCTB U MOSBJICHHIO HOBBIX BHIOB
AKTHBHOCTH. 3aMCIICHHUA N0 ()CHIJIBHOMY KOJBIY MOJCKYJBI CATHIHIOBOH KHCIOTHI NMPHBOAWIN K TIOSIBICHHEOQ
MPOTHBOTYOCPKY IC3HBIX, (JYHTHIUIHBIX, MPOTHBOTPHOKOBBIX, AHTHACHPECCAHTHRIX H Ap. CBOUCTB. [IpH 3TOM BO
MHOTHX TPETApaTax TAKKE COXPAHACTCA 00¢300IHMBAIOIICE, YKAPOMOHIDKAIOINCS CBOWCTBA HCXOJHOTO CyOcTpara
(R” = NHa, CI, Br, NO; u ap). YCTaHOBICHO, YTO OOIBIIMHCTBO OHOJOTHYCCKH AKTHBHBIX CTPYKTYP ITOTO psaa
BKJIFOYAFOT B CC04 aMHHHYIO HITH AMHTHYIO TPYIIIEL, 00CCIICUHBAOIIIC 00PA30BAHUE BOAOPOIHBIX CBACH C HEICBOH
MPUPOTHOH MOICKYJIOH, a TakkKEe ApOMATHUCCKUN (DPArMCHT, OTBCHUAIOIMMU 3a HEOOXOIMMYI0 KOH()OPMAIHIO H
KOMIUICMCHTAPHOCTh MOJICKYJIBI TOMY HJIH HHOMY perentopy. OmHCaHbl METOIBI MOIYUICHU THAPA30OHOBBIX, OKCaA-
JIMA30JI0BbIX, THOCEMHUKAPOA3UAHBIX, 1,2.4-TpHa3on-3-THOHOBBIX MPOW3BOIHBIX M IYTH HX JalbHEHIEH Momu(u-
Kanud. J719 THAPA3OHOBRIX MPOU3BOIHBIX B KAUCCTBE AJIBACTHAOB OBLTH HCIOIB30BAHBI PA3IHIHBIC APOMATHICCKHC
anpaeTuabl Kak 4-QropocH3ampaerua, S-0poM-2-THaIpOKCHOCH-3AIBACTH, 4-MCTOKCHOCH3ATBACTH, 2- U 4-THIPOK-
cuOeH3ambaeru bl THOCEMHUKAPOA3HIHBIC MPOU3BOIHBIC THAPA3HIA O-THIPOKCHOCH30MHOH KUCITOTH CHHTC3HPOBAHBI
C WCMOJTB30BAHUCM AJUTAN-, 3THI-, (PCHUI-, aKPHIOWT-, ()Y PAHOMTH30THOLHAHATOB, Peakiuel KOHACHCAINH THIPA-
3MA0B THAPOKCHOCH30MHBIX KHUCIOT C l-meszokcm-2,3.4,6-rerpa-O-aneTuin-f3-D-roKomupaHo3IM30 THOIIMAHATOM
OBLIM CHHTC3HPOBAHBI HX COOTBCTCTBYOIIHIC AICTHIHPOBAHHBIC TIHKO3HICOACPKAIINC THOCCMHUKAPOA3HIHBIC TIPO-
H3BOJHBIC. YCTAHOBICHO, YTO 1-m30THOIMAHO-1-ae30KCcH-2,3,4,6-TeTpa-O-aneTmi-f-D-rimrokommpanosa T0BOJBHO
JICTKO PEaTHPYET C THAPAZHIOM O-THAPOKCHOCH30HHOH KHCIOTHI MPH KOMHATHOH TEMIICPATYPE B PACTBOPE 0-KCHIIOJIA.
Hccne0BaHbl CTPOCHHS CHHTE3HPOBAHHEIX coequHeHIH MeToaavu SIMP 'H u *C criekTpockonuy, a TaksKe JAHHBIMA
naeymeprbIx criektpos COSY ('H-'H) u HMQC (‘H-'3C). OnpenencHsl 3HAYCHHS XHMHYESCKHX CABHTOB, MYJIBTH-
IJICTHOCTH U MHTETPATbHAS HHTCHCHBHOCTS curHANoB 'H 1 13C B oqpoMepHEIX criekrpax SIMP. C HOMOIIBIO CIIEKTPOB
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B (popmaTtax COSY ("H-'H) u HMQC ('H-'3C) yCTaHOBIEHBI TOMO- U T€TEPOSICPHbIE B3AMMOICHCTBHA, MOATBEPIK-
JAFOIIAC CTPYKTYPY HCCIACAYCMBIX COCOWHCHHH. [IpOCTPAHCTBCHHOC CTPOCHHC 5-TH coeamHCHHH: N-(5-Opom-2-
THAPOKCHOCH3WINACH)-4-THApoKCHOCH30THapasuaa, N-(ypaHomITHOCEMHIKApOazuaa, 4-3Twi-5-(2-ruaporcude-
HUN)-1,2,4-TpHa3on-3-tuoHa, 4-(2-THIpOKCHITH)-5-(2-Tuapokcuermn)-2/1-1,2,4-rpua3on0-3(4H)-THoHa, 4-aJTHT-
3-(4-ruapoxcuennn)-1/-1,2 4-rpuazon-5(4H)-THoHA JOKA3AHBI C MOMOIIBIO PCHITCHOCTPYKTYPHOTO aHam3a. Omw-
CaHBI PC3YIBTATHI OLCHKH HX AHTHMHKPOOHOH, MPOTHBOBOCTIAUTSIEHOM H IIHTOTOKCHYCCKON aKTHBHOCTH (in Vitro)
HA KYJIBTYypax YCIOBCUCCKHMX MOHOUHWTAPHBIX THHHH KieTok MonoMac-6 m THP-1Blue. B pesyabrare mpoTHBO-
BOCTIAMTEIbHOW AKTHBHOCTH BBLIBICHO, YTO BCEC M3YUCHHBIC TMAPA30HBI HE moasiirorT JIIC-uHIynIHpOBAaHHYIO
mpoaykuuio [L-6 u TNF B knetkax MonoMac-6. B pe3yabrate OUCHKU BIMSHUS TMAPA30HOBBIX MPOU3BOJHBIX HA
aKTHBHOCTH (hepMeHTa 31actassl Helirpodmtos (EC 3.4.21.37) moka3aHo, YTO HEKOTOPHIC MPOU3BOIHBIC, B YACTHOCTH
N-(5-0poM-2-THAPOKCHOCH3WITHACH)-2 -THAPOKCHOCH30THAPA3HA, N-(3-3TOKCH-4-THAPOKCHOCH-3HTHACH)-2-THIPOKCH-
6eH3oruapasua, 2-ruapokcH-N-(4-THAPOKCHOCH3WINICH )-Oe H30THAPA3H MOAABILIFOT AKTHBHOCTD 3J1aCTa3bl HEUTPO-
(unos. [IpoBereHHBINH OHOCKPHHUHT HA AHTHMHUKPOOHY 10 aKTHBHOCTH BBIIBHJI HECKOJIBKO COCTHHCHUH C BBIPAYKCHHOH
W YMEpPEHHO-BBIPA’KCHHOH akTWBHOCTBHIO. CoemmueHHME N-(peHm-2-(2-ruaporcuOeH30MI)THAPAZHH-KAPOOTHOAMHT
TOKA3AJ1 BEIPAKCHHY0 AHTHPATUKANBHYFO AKTUBHOCTH B oTHOIICHUH JIPIIT -pagukana.
KmodeBnie ¢/10Ba: THAPA3HI O-THAPOKCHOCH30WHOM KHCJIOTHI, THOCCMHUKAPOA3HI, THAPA30H, OKCOAHA30IT.
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