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Abstract. The article describes information about synthesis of various thiosemicarbazide compounds obtained
by reacting hydrazines of o- and p-hydroxybenzoic acids with various isothiocyanates and potassium thiocyanate.
The optimal conditions for the reaction of glycosyl isothiocyanate with studied hydrazides were suggested.
Intramolecular heterocyclisation of obtained thiosemicarbazide derivatives into 1,2,4-triazole-3(4H)-thiones was
performed. It was found the expression and moderately expressed antimicrobial activity of the synthesized com-
pounds. Composition and structure of the new obtained compounds were proved by elemental analysis and "H NMR
spectroscopy.

At present time, the searching of chemical compounds having antibacterial activity is carried out on
the basis of certain scientific principles and quantitative approaches that predicted structure of the
compounds and lead, in essence, their purposeful synthesis. In the development of scientific researches in
this area several trends can be traced, one of which is the introduction to the structure of the desired
molecule pharmacophore fragments. Such fragments include thiosemicarbazide and hydrazide groups, and
many of its derivatives [1-3]. It is also known that thiosemicarbazide derivatives have a wide range of
biological activities: anticonvulsant, hypoglycaemic, anti-inflammatory and antibacterial [4, 5]. So, tibon
(tioatsetazon or para-thiosemicarbazone p-acetaminobenzaldehyde), developed more in the laboratory of
AUSRICP under the guidance of corr. AMS USSR G.N. Pershin, was one of the first antiviral drugs
thiosemikarbazide fragment [5]. Thiosemicarbazide derivatives have become common among
tuberculostatics [6-8].

In this regard, we are interested to synthesize new derivatives based on thiosemicarbazide hydrazides
of 0- and p-hydroxybenzoic (salicylic and nipagin) acids and studying their biological properties for the
presence of antimicrobial activity. Special attention in this regard deserves hydrazide of salicylic acid
derivatives, which are widely used as antipyretic, antirheumatic, anti-inflammatory, analgesic and anti-TB
agents [4, 5]. Initial hydrazides (1, 2) were obtained hydrazinolysis methyl salicylate and nipagin (methyl
ester of 0- and p-hydroxybenzoic acid).

Joining hydrazides to various isothiocyanates is one of the most convenient methods for the synthesis
of substituted thiosemicarbazide, which are of great interest not only in terms of the possible studying
biological activity, but also are the starting synthons for the synthesis based on these pharmacologically
important nitrogen-containing heterocycles. Thus, [9] we have described the synthesis of
allyl(phenyl)thiosemicarbazide of N-morpholinyl acetic acid, and the possibility of its cyclization of 1,2,4-
triazol-3(4H)-thione.
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In continuation of our research and expand the arsenal of new biologically active compounds, we
carried out the reaction of nucleophilic addition of hydrazides of o- and p-hydroxybenzoic acid (1, 2) to
allylisothiocyanate. The reaction is carried out in an alcoholic medium at equimolar ratios of reagents
according by the scheme:

R
v Z, 2 0

“NHNH, “NHNH-{ H-R3
3-6

1,2

T
R,=OH,R,=H,R;= CHZ—CH—CHZ (1,3); R;= H, R, = OH, R3 = CH,=CH-CH,- (2, 4);
R,=H, R, = OH, R, = CH;CH,- (2, 5); R,= H, R, = OH, R; = C¢Hs- (2, 6).

In the IR-spectrum of the synthesized compounds (3-6) was shown the absorption band at 1330-1310
cm™, characteristic for the group -NH-CS thiosemicarbaze fragment of the absorption band of the amide
group C(O)NH appear in the region 1690-1675 cm™ and - NH-group in the 3390-3360 cm'.

In the 'H NMR-spectrum allylthiosemicarbazide of p-hydroxybenzoic acid (4) signals o and B
aromatic ring protons found in weak fields: a doublet H, at 7.78 ppm (J nonp= 8.7 Hz) and a doublet Hpat
6.81 ppm. Aromatic hydroxyl proton was shown singlet at 10.09 ppm. Amide and thioamide N-H protons
are also written out in weak fields in the form of three singlets in 10.06 ppm (H;), 9.25 ppm (H,) and 8.2
ppm (H;). Methine proton Hs of vinyl fragment appears as a complex of multiplet at region of 5.82 ppm.
Methylene protons Hg, and Hg,, the same vinyl fragment manifest two doublets at region of 5.04 ppm and
5.14 ppm with constant spin-spin interaction Jug.us, = 17.27 Hz. Methylene protons NCH,-fragment are
shown in 4.09 ppm a broadened triplet.

In order to obtain new thiosemicarbazide derivatives we were also synthesized mono
substituted thiosemicarbazide derivatives by reacting the corresponding hydrazide of o- and p-
hydroxybenzoic acid (1, 2) with potassium thiocyanate according by the scheme:

R, Ry HCI
o + K-N=C=§ —>
C// 95%C C// s ISl

7
L ~NHNH, ~NHNH- C-NH,

7,8
R,=OH,R,=H(1,7); R=H,R,=0H (2, 8)
The reaction was performed in a dilute solution of hydrochloric acid at 95°C during 4 hours. The

main physico-chemical characteristics and the elemental analysis of the synthesized compounds (3-8) are
shown in Table 1.

Table 1 — Physico-chemical constants, elemental analysis of the synthesized compounds (3-8)

0, 0,

Comp. Yield, % Tmp, C C Foul;;l, % N Empirical Formula C Calcul;ted, % N
3 85.0 213-215 52.84 5.72 16.96 C11H3N30,S 52.57 521 16.72
4 53.0 215-216 52.90 5.80 17.12 C11H3N30,S 52.57 521 16.72
3 76.0 220221 | 5047 | 569 | 1745 C1oH13N20,9 5019 | 548 | 17.15
6 52.3 190-191 58.64 473 16.35 C14H3N30,S 58.52 4.56 16.17
7 84.0 217-218 45.67 4.55 20.12 CgHoN;O,S 4549 429 19.89
8 52.0 219-220 45.86 4.49 19.98 CgHoN;0,S 4549 429 19.89
9 96.0 136-137 48.95 543 7.95 CyHy7N30¢1S 48.79 5.03 7.76
10 57.0 145-146 4911 545 8.10 CyHy7N30¢1S 48.79 5.03 7.76
11 73.3 210-212 54.43 5.34 18.95 CioH11N5;0S 54.28 5.01 18.65
12 93.0 292-293 62.64 4.26 15.51 C4H1N5;OS 62.44 4.12 15.32
13 90.0 162-163 56.78 4.86 17.93 C1H;1N;08 56.63 475 17.75
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In the IR-spectrum of the thiosemicarbazide of o- and p-hydroxybenzoic acid (7, 8) there are
absorption bands of stretching vibrations NH, group in the 3305-3240 cm™. In the 1660 cm™ and 1270 cm
! contains a carbonyl absorption bands (C=0) and thiocarbonyl (C=S) groups, respectively.

In the analysis 'H NMR-spectrum of the compound (8) there are some characteristic signals of
aromatic protons of the ring. Thus, the signals of aromatic protons H; - H, found in weak fields: a doublet
H;at 6.89 ppm, H, triplet at 7.42 ppm, doublet H;at 6.93 ppm, H, doublet at 7.81 ppm. Aromatic hydroxyl
proton singlet was shown at 9.42 ppm. Amide and thioamide N-H protons are shown in the form of three
singlets in 11.89 ppm (Hs), 10.52 ppm (Hs) and 7.9 ppm (H7).

As it is known, glycosyl isothiocyanates play an important role in carbohydrate chemistry, as
synthons in the synthesis of various biologically active compounds [10]. Furthermore, it is known that the
introduction of carbohydrate residues in the structure of biologically active substances lead to an increase
in their solubility in water and a dramatic reduction in toxicity [11, 12].

In this connection, the condensation of hydrazides (1, 2) with 1-deoxy-2,3 .4, 6-tetra-O-acetyl-p-D-
glucopyranozyl isothiocyanate, obtained in situ from tetra-O-acetyl-o.-D-glucopyranosyl bromide and lead
thiocyanate were synthesized corresponding acetylated glycosyl derivatives containing thiosemicarbazide
o- and p-hydroxybenzoic acid (9, 10), potentially possessing biological activity.

CH,O0Ac CH,0Ac
R, Ry 2 0. N=C=s
+
c//o OAc —
“NHNH, AcO Sae AcO
1,2

R;=OH,R,=H (1, 9); R, =H, R, = OH (2, 10)

Thiosemicarbazides are polyfunctional compounds; they can be used to gencrate a variety of
heterocycles. Thus, the obtained boiling thiosemicarbazides (1-3, 4-6) with potassium hydroxide in
aqueous solution for 2 hours and then acidified with acetic acid leads to novel cyclic products - 4-alkyl-3-
(4-hydroxyphenyl)-1H-1,2 4-triazol-5(4H)—thione (4-6, 11-13).

HO
N—NH
s _KOH [\
1
R
11-13

R = CH,=CH-CH,- (4, 11) CH,CHj- (5, 12), C¢Hs- (6, 13).

The synthesized compounds (11-13) are white crystalline solids readily soluble in polar organic
solvents.

In the IR-spectrum of the obtained new triazoles (11-13) no absorption band characteristic of an ami-
de carbonyl (C=0) and in the region 1272 cm™ absorption band is present to a thiocarbonyl group (C=S).

In the analysis of the '"H NMR-spectrum of compound (12) the proton signals characteristic of the
aromatic ring had observed. So, a and B signals of protons of the aromatic ring at 7.48 ppm prescribed
(Jromp8.6 Hz) and 6.93 ppm as two doublets respectively. In a weak field prescribed aromatic hydroxyl
proton signals at 9.10 ppm and thioamide N-H proton at 13.79 ppm in the form of a small two broad
singlet. Proton signals of the methyl group resonate at 1.15 ppm (Juu7.1 Hz) as a triplet and methylene
group at 4.01 ppm (Jux7.2 Hz) as a quartet.

Physico-chemical constants, elemental analysis of the synthesized triazoles (11-13) are presented in
Table 1.

In order to detect among synthetic derivatives of substances with a pronounced biological activity,
the primary screening were conducted tests of compounds 3, 4, 7, 9 for antimicrobial activity against
Gram-positive (Staphylococcus aureus, Bacillus subtilis) and gram-negative (Pseudomonas aeruginosa,
Escherichia coli) strains by diffusion agar. Preparations comparison - gentamicin for bacteria and fungi to
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nystatin. The antimicrobial activity of the compounds 3, 4, 7, 9 assessed by growth inhibition zone
diameter of the test strains (mm). As a result of bioscreening it was found that the investigated compounds
(3) show pronounced activity against Gram-positive strains (Staphylococcus aureus, Bacillus subtilis)
(Table 2). Compounds (4), (7) and (9) exhibit moderate antibacterial activity, expressed as only against
Gram-positive (Staphylococcus aureus, Bacillus subtilis) strain. Compounds (3) and (9) show moderately
pronounced activity against gram-negative strains Escherichia coli and yeast fungus Candida albicans.
Table 2 shows the numerical values of the diameters of zones of growth inhibition of test-strains (mm).

Table 2 — Information about antimicrobial activity test samples (3,4, 7, 9)

Compound S. aureus Bacil_h_ls Pseudomonas E. coli Can_dida
505 Subtilis aeruginosa M-17 Albicans
3 24 +£0.1 26 £0.1 14+£0.2 20+0.1 18+02
4 18 +£0.1 20+0.1 - 14+£0.1 11+0.3
7 20+0.1 20+£02 - 11+0.2 -
9 23+02 22 +£0.1 - 17+£0.1 16+£0.1
Gentamicin 26+0.1 24+0.1 24+0.1 23+02 -
Nystatin - - - - 22+0.1
Note: "-" - a zone of growth inhibition is absent. The diameters of the zones of growth inhibition

lower than 10 mm and the continuous growth in the absence of the cup was evaluated as antibacterial
activity, 10-15 mm - weak activity 15-20 mm - moderately expressed activity of over 20 mm - expressed.

Thus, we have obtained based on hydrazides of o- and p-hydroxybenzoic acids are promising
biologically thiosemicarbazide derivatives, which are found among the substances with moderate and
marked antimicrobial activity.

Experimental part

IR-spectra were recorded on a spectrometer with Fourier transformer «AVATAR-320" company
NICOLET tablets with KBr. "H NMR-spectra were recorded on a Bruker DRX500 spectrometer 500 MHz
in DMSO-d; solution, relative to internal TMS (measurement error £0.05ppm). Melting point defined on
the device «Boetius» (measurement error +0.1°C). Control of the reaction and purity of the obtained
compounds was monitored by thin layer chromatography plates «Silufol UV-254" in the system
isopropanol-benzene- ammonia (25%) - 10:5:2. The plates showed iodine vapor.

4-(Allyl)-1-[2-hydroxybenzoyl]thiosemicarbazide (3). To a stirred solution of hydrazide 1.52 g
(0.01 mol) of o-hydroxybenzoic acid in 20 ml of e¢thanol was added bydropwise 1.1 ml (0.011 mol)
allylisocyanate. The mixture was stirred for 60 minutes at a temperature of 50-60°C. Completion of the
reaction was monitored by TLC. Upon cooling, powdery white crystalline solid fell. Recrystallization
from 2-propanol, yielding 2.14 g (85.0%) of the compound (3) with Ty, 213 -215°C.

4-(Allyl)-1-[4-hydroxybenzoyl|thiosemicarbazide (4) was obtained analogously to compound (3) in
vield of 53%, Trp 215 -216°C (2-propanol).

4-Ethyl-2-(4-hydroxybenzoyl)thiosemicarbazide (5). To a stirred solution of hydrazide 1.52 g
(0.01 mol) of p-hydroxybenzoic acid in 20 ml of ethanol was added bydropwise 0.95 g (0.011 mol)
cthylisotiocyanate. The mixture was stirredduring 10 hours at temperature of 50-60°C. Completion of the
reaction was monitored by TLC. The solution was cooled; the precipitate fine crystalline sediment was
filtered, washed with a small amount of cold ethanol. Recrystallization from 2-propanol was obtained
1.81 g (76.0%) with T, ,220-221°C.

'H NMR, §, ppm, J/Hz: 1.05 t (3H, CH;, Juy 7.1), 2.50 q (2H, CH,), 6.81 d (1H, CH,omatic), 7.78 d
(1H, CHaromatie, Jim8.7 Hz), 8.02 s (1H, NH;), 10.06 s (1H, NH,), 9.13 s (1H, NH"), 10.04 s (1H, OH).
Found,%: C 50.47; H 5.69. C;;H3N;0,S. Calculated,%: C 50.19; H 5.48.

N-Phenyl-2-(4-hydroxybenzoyl)hydrazinecarbothioamido (4) was prepared analogously to
compound (5). Yield is 2.09 g (52.3%), T, ,190-191°C (2-propanol).

1-(2-hydroxybenzoyl)thiosemicarbazide (7). The mixture of hydrazide 1.66 g (0.01 mol) of
o-hydroxybenzoate acid (1), 1.4 g (0.015 mol) of potassium thiocyanate, 1.5 ml of hydrochloric acid in
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20 ml of water was heated with stirring for 4 hours at 95°C. The reaction mixture was allowed to stand at
room temperature overnight. The solution was basified until pH = 6-7 and the precipitate formed is filtered
off. After it was recrystallized by ethanol and yield was 1.78 g (84.0%) with T,,, 217-218 °C.
1- (4-hydroxybenzoyl) thiosemicarbazide (8) is obtained analogously to compound (5) with yield of
52% and T, , 219-220 °C (2-propanol).
4-12,3,4,6-tetra-O-acetyl-p-D-glucopyranosyl]-1-[2-hydroxybenzoyl|thiosemicarbazide (9). To
the solution of 1-isothiocyano-1-deoxy-2,3.4,6-tetra-O-acetyl-p-D-glucopyranose in o-xylene obtained in
situ, during 8 hours by refluxing 1.32 g (3.2 mmol) of acetobromoglucose, 1.61 g (5 mmol) of
acetobromoglucose lead thiocyanate, lead thiocyanate, was added hydrazide0.5 g (0.003 mol) of
o-hydroxybenzoic acid and stirred at room temperature for about 2 hours to the lack of gluco-
sylisothiocyanate by TLC. The solution was evaporated and obtained a white powdery substance. Crude
yield was 1.72 g (96.0%). After two recrystallizations from benzene to give a crystalline product with
Tmp136-137°C.
4-]2,3,4,6-tetra-O-acetyl-f-D-glucopyranosyl]-1-[4-hydroxybenzoyl]thiosemicarbazide (10) is
obtained analogously to compound (7) in a yield of 57.0%, T, ,145-146°C (2-propanol).
4-Ethyl-3-(4-hydroxyphenyl)-1H-1,2,4-triazol-5(4H)-thione (12). To the alkaline aqueous solution
0.40 g (0.01 mol) of NaOH in 30 ml distilled water was added 2.39 g (0.01 mol) of the compound (1). The
reaction mixture was heated at 85 °C for 2 hours, then cooled and neutralized with hydrochloric acid to
pH=7. The precipitate was filtered off and recrystallized by 2-propanol. Yield was 1.62 g (73.3%) with
Tamp 210-212°C. '"H NMR, §, ppm, J/Hz: 1.15 t (3H, CHs, Juy 7.1), 4.01 q (2H, CH,), 6.93 d (1H,
CH.omatic) d 7.48 (1H, CH,omatic» Jem 8.6 Hz), 10.09 s (1H, OH), 13.79 s (1H, NH). Found, %: C 54 .43;
H 5.34. C;oH;1N;0S. Calculated.%: C 54.28; H5.01.
4-Allyl-3-(4-hydroxyphenyl)-1H-1,2,4-triazol-5(4H)-thione (11) was prepared analogously. Yield
was 2.09 g (90.0%), Ty, 162-163°C (ethanol).
4-Phenyl-3-(4-hydroxyphenyl)-1H-1,2,4-triazol-5(4H)-thione (13) was prepared analogously.
Yield was 2.5 g (93.0%), T 292-293°C (ethanol).
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Tipex ce3aep: H30THOUHAHATTAP, THOCCMHUKAPOASHATEP, THAPOKCHOCH30H KBIMKBLIEL, 1,2 4-TpHaszon-S(4/ )-
THOH, OHOJIOTHSIBIK OCICCHIITIK.
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AnHoTtanmua., Makanaga o- W 7-THAPOKCHOCH30# KBIIKBUT THAPASHATCPIHIH OPTYPIl H30THOLHAHATTAPMCH
JKOHC KaJIWH POJAHHTIMCH OPCKCTTECY1 APKBUIBI ABIHATHIH THOCCMHUKAPOAZHATCPAIH CHHTC3ACPIH 3CPTTCY HOTHKC-
Jepi KapacThIPbLUIFaH. | IMKO3HIN30THONUAHATTHIH 3EPTTEIY I THAPAZHITEPMEH OPEKETTECY PEAKIMACHIHBIH THIMI
JKaFIaiIapel  YCHIHBUWAH. AJBIHFAH THOCEMHKAPOA3HATEPIAIH IMKIMOJCKYJIANBIK TCTCPONMKIM3AIMIFA TYCY1
HOTIOKRECIHAE 1,2,4-TpHazon-5(4/])-THoHmapra aifHaIy bl ICKe achIpsiIabl. CHHTE3ACTIHTCH KaHA 3aTTapAbIH SKOFAPBI
JKOHE KANBINTHI-OCEPIl aHTUMHKPOOTHI OelceHmimiri 0ap ekeHAiri aHeIKTaxasl. JKawa 3aTTapibslH KypaMbl MCH
KYPBLTBICH 3TEMEHTTi aHamn3 6eH SIMP 'H-CeKTPOCKOIHS APKBLTBI TONEICHT.

CHUHTE3, XUMWYECKHE NIPEBPAIINEHUSA U IPOTUBOMHUKPOBHASL AKTUBHOCTb
HEKOTOPBIX THOCEMHKAPBA3H/ 0B o- U n-I'NIPOKCUBEH30OUHBIX KUCJOT

0. A. HypKeHOBl, C. 1. ®aszsuioB’, T. C. Kusorosa', K. b. Carmaesa’, C. B. Axmerosa’,
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"MacTHTyT OpraHMYecKoTo CHHTE3Aa H YIIexuMuH Pecry6mikn Kasaxcran,
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KmodeBnsie ¢10Ba: HW30THOLHAHATHL, THOCCMHUKApOA3WAbl, THAPOKCHOCH30MHAS Kucmora, 1,2.4-tpu-
a301-3(4 H )-THOH, OHOJIOTHYCCKAS AKTHBHOCTb.

AnHotanua, B cTarbe OMHCAHBI PE3yNBTATHl HUCCIACAOBAHUSA MO CHHTC3Y PA3AMYHBIX THOCCMHKAPOA3ZHIHBIX
COCTUHCHUH, MOMYYACMBIX B3aHMOACHCTBHCM THAPA3ZHIOB O- M H-THAPOKCHOCH30MHBIX KUCIIOT C PA3TUIHBIMH H30-
THOLMAHATAMH M POJAHHAOM Kaymus. [IpensioskeHbl ONTHMAIbHBIC YCAOBHA PECAKUMH B3aUMOACHCTBHS TNIUKO3HIH-
30THOLMAHATA C H3YYacMbIMHU ruapazugamu. [IpoBelcHa BHYTPUMOJCKY/LIPHAS TETCPOLMKIM3ALMS IOy YCHHBIX
THOCCMHUKAPOAZHAHBIX MPOM3BOAHBIX B 1,2 4-Tpma3on-5(4/1)-THOHBI. YCTAHOBICHA BBIPAYKCHHAS W YMCPCHHO-
BBIPAYKCHHAS AHTHMHUKPOOHAS aKTHBHOCTh CHHTC3HPOBAHHBIX CO¢TUHCHMH. COCTaB M CTPOCHHUC TOYyICHHBIX HOBBIX
COC/TMHEHHH JOKA3AHBI 3IEMEHTHBIM aHamm3oM i SIMP 'H-criekrpockomueii.
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