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B nacmosaweit pabome o611 cunmesuposan psao 4,5-oucudpo-1,3,4-muaouazona c ¢pae-
MEHMOM IKPAHUPOBAHHO20 (henona. Cunme3 eK0uan KonoeHcayuio 4-2udpokcu-3,5-ou-mpem-
oymunben3anvoezuda ¢ MUOCEMUKaApoOaA3UOOM 6 paAcmeope YKCYCHOIl KUCaomsl U IMAHOIA 6 CO-
omnowenuu 1:1, yeneeoii muocemukapoazon 6vl1 CUHmMEIUPOBAH C 6bIX000M 63%. Kunauenue
HOYYEHHO020 MUOCEMUKAPOAZOHA C AHZUOPUOOM NPONUOHOBOI KUCTIOMbL 8 mempazuopodiypane
6 meuenue 8 4, a maxiice XaA0panHzuopuOamu 6eH30uHoU U 2-ypunakpuioeon KUciom ¢ mempa-
2uopoghypane c nupuounom 6 meuenue 8 4 npugeno K oopazoeanuio 4,5-ouzuopo-1,3,4-muaoua-
307106 ¢ evixodamu 64-77%. CmpyKmypa noayueHnbIX COCOUHEHUIL Obl1a NOOMEEPIHCOEHA C NOMO-
wvio HK-cnexkmpomempuu, *H u *C AMP-cnexmpockonuu. Ipomonnsie cnekmput noay4ennsix
coeounenuit cooeprcam cuznanvt npomonoe CH-N ¢ oonacmu 6-7 m.o., umo xapaxmepho o1 4,5-
ouzuopo-1,3,4-muazonvrnozo xkonvya. HK cnekmpul nosiyueHHbIxX 6euiecne co0epicam noaiocsl no-
2710uieHus, coomeemcmayrouue eaneHmuvim Koaevoanuam O-H npu 3551 e, konebanusam N-H
npu 3474 cm’, anenmuvim Konebanusam kapoonunsuuvix 2pynn npu 1699 cm™, konebanusm azo-
Memunogozo gppazmenma C=N npu 1595 cm™, a maxoce oegpopmayuonnvim konevanuam O-H npu
1196 cm™. Anmuokucnumensnas aKkmueHOCmb NOJIYHEHHBIX COCOUHEHUTL BbLNA UCCIe006aHa Me-
mooom ABTS (2,2"-azuno-ouc(3-amunoenzomuazonun-6-cynvghoxucioma), nOKazvlearoujum cno-
COOHOCMb COCOUHEHUTL 63AUMOOCIICME08AMb C KAMUOH-PDAOUKaniom. B kauecmee konmponvnozo
obpazuya ucnonv306anu pacnPOCMPAHEHHbLI NPOMBIUICHHbLI AHMUOKcUoanm — 2,6-ou-mpem-
oymun-4-wemungpenon (Aeuoon-1). Bce cunmesuposannvie 4,5-ouzuopo-1,3,4-muaouaszont no-
Kazanu 6onee 8bICOKYI0 AaKMUGHOCMb 6 cpagHenuu ¢ Azuoonom-1. Coeounenus, nonyueHHole 63a-
umooeiicmeuem muocemuKkaphazona ¢ Xaopanzuopuoom 6eH30uHol u 2-ypunakpuioeon Kuc-
J10m, nposaeunu Hoee 6bICOKYI0 AKMUGHOCHMb, UIMO MOMCem Oblmb CEA3AHO C UX JyUuiell Cnocoo-
HOCMbIO 0€/10KAIU306b18aNMb HECRAPEHHDLIL 2IeKMPOH 8 (heHOKCUTbHOM paduKaiie.

KuaroueBsble ciioBa: Tnaanason, 4-THAPOKCH-3,5-TU-mpem-0yTUIOEH3aIbICTH]I, aHTUOKCUIAHTHAS aK-
TUBHOCTbH
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In the present work, a series of 4,5-dihydro-1,3,4-thiadiazoles with a hindered phenol moi-
ety have been synthesized. Condensation of 4-hydroxy-3,5-di-tert-butylbenzaldehyde with thiosemi-
carbazide in a 1:1 solution of acetic acid and ethanol yielded thiosemicarbazone in 63% yield. Re-
fluxing the resulting thiosemicarbazone with propionic anhydride in tetrahydrofuran for 8 h as
well as with benzoic and 2-furylacrylic acid chlorides in tetrahydrofuran with pyridine for 8 h,
afforded 4,5-dihydro-1,3,4-thiadiazoles in 64-77% yields. The structure of the resulting compounds
was confirmed by IR spectrometry, *H and **C NMR spectroscopy. The proton spectra show signals
containing CH-N proton signals in the 6-7 ppm region, which is characteristic of the 4,5-dihydro-
1,3,4-thiazole ring. The IR spectra contain distributions corresponding to O-H stretching vibrations
at 3551 cm™, N-H vibrations at 3474 cm™, carbonyl stretching vibrations at 1699 cm™, C=N azo-
methine fragment vibrations at 1595 cm™, and O-H deformation vibrations at 1196 cm™. Antioxi-
dant activity was determined using the ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) assay, which demonstrates the ability of the compound to interact with the cation radical. A
common industrial antioxidant, 2,6-di-tert-butyl-4-methylphenol (Agidol-1), was used as a control
sample. 4,5-dihydro-1,3,4-thiadiazoles exhibit higher activity in the chain with Agidol-1, forming
interactions of thiosemicarbazone with benzoic acid chloride and 2-furylacrylic acid, producing
higher activity, which may be due to their better purpose to delocalize the unpaired electron in the

phenoxyl radical.

Keywords: thiadiazole, 4-hydroxy-3,5-di-tert-butylbenzaldehyde, antioxidant, antioxidant activity
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INTRODUCTION

Oxidative degradation is a process of irreversi-
ble destruction of the molecular structure, leading to
the loss of their functional properties [1]. In biochem-
istry the development of destructive processes is di-
rectly associated with the activity of free radicals,
which have a damaging effect on the organism. The
high reactivity of reactive oxygen species (ROS) al-
lows them to react with key biomolecules, including
DNA, proteins, lipids, vitamins [2]. It leads to disrup-
tion of cellular functions and depletion of cellular en-
ergy reserves, ultimately inducing apoptosis [3].

Antioxidants capable of interrupting free radi-
cal chain reactions are traditionally used to control un-
desired oxidation. The basis of this group consists of
compounds with a phenolic structure, including flavo-
noids and carotenoids [4]. However, the significance
of the phenolic fragment in the design of biologically
active molecules is not limited solely to its antioxidant
potential. Numerous studies indicate that phenol itself
and its derivatives, especially as part of more complex
molecules, exhibit a wide range of biological activities.

ChemChemTech. 2026. V. 69. N 9

They possess anti-inflammatory, antimicrobial, and anti-
cancer properties, and also help prevent cardiovascular
diseases, diabetes mellitus, and other conditions asso-
ciated with oxidative stress [5, 6].

Despite the high antioxidant potential, the use
of phenolic compounds in their pure form has signifi-
cant limitations. Currently, the requirements for mod-
ern oxidation inhibitors have expanded considerably,
particularly regarding their potential for in vivo use, for
example, in pharmaceuticals. In this case, in addition
to high antiradical activity, biocompatibility and safety
become crucial criteria. These requirements are met by
the strategy of synthesizing hybrid molecules, where
the combination of different fragments creates a syner-
gistic effect, allowing the obtainment of compounds
with enhanced properties.

Over 75% of pharmaceutical drugs contain
heterocyclic fragments incorporating nitrogen and sul-
fur atoms [7]. Such compounds possess broad therapeutic
potential, demonstrating, in particular, antitubercular
[8], antimicrobial [9], anti-inflammatory [10], antidia-
betic [11], anticancer [12], and antiviral activity [13].
Combination in one molecule of a phenolic fragment
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capable of inhibiting radical processes, as well as a heter-
ocycle possessing additional biological activity and/or
capable of inhibiting oxidation, makes it possible to
create new multipotent antioxidants [14, 15].

Using this strategy, the authors of [16] synthe-
sized 2-amino-1,3,4-thiadiazole I, which exhibits both
anti-inflammatory properties and high antiradical ac-
tivity. Unlike 1,3,4-thiadiazoles, the biological activity
and antioxidant properties of which have been studied
in detail previously [17, 18], their closest structural an-
alogues, thiadiazolines, have not been studied in such
detail; however, they have also proven themselves to be
promising pharmacophores. Compound Il — thiadia-
zoline derivative substituted with N-(2-methylphenyl)
acetamide and 2,8-dichloroquinoline fragments was
found to exhibit antibacterial activity against S. aureus
[19], compound 111 with acetoamide fragments showed
anticancer properties against prostate tumor cells [20]

(Fig. 1).
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Fig. 1. Thiadiazoline and thladlazole derivatives
Puc. 1. [Ipon3BoaHbIe THAIMA30IMHA U THAAUA30JIa

The synthesis of thiadiazoline derivatives with
a phenol fragment is of interest from the point of view
of obtaining a potential polyfunctional antioxidant; in
addition, an important task is to study the effect of sub-
stituents in the heterocyclic ring on the antioxidant ac-
tivity of the compound, which may further contribute to
the development of a strategy for the synthesis of more
effective antioxidants.

Thiosemicarbazones are used as convenient
synthons for the targeted synthesis of thiadiazolines
[21, 22]. This approach, well described in the literature,
is based on the high nucleophilicity of the sulfur and ni-
trogen atoms within the -NHC(=S)NH. fragment [23].
The classical method for the synthesis of 4,5-dihydro-
1,3,4-thiadiazoles is the acylation of thiosemicarbazones
with carboxylic acid derivatives, leading to intramolec-
ular cyclization with the formation of stable carbox-
amide derivatives [24-26]. Acid anhydrides [27, 28],
less commonly the acids themselves (often under acti-
vation conditions with PCls; or concentrated H,SOa)
[29, 30], as well as acid halides [31] are traditionally
used as acylating agents.

The aim of the present work is to develop
methods for the synthesis of thiadiazolines with phe-
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nolic fragment and to investigate the influence of struc-
ture on their antioxidant properties.

RESULTS AND DISCUSSION

To obtain thiadiazolines containing the 2,6-di-
tert-butylphenol moiety, thiosemicarbazone 1 was pre-
pared at the first stage by reaction of 4-hydroxy-3,5-di-
tert-butylbenzaldehyde with thiosemicarbazide. Subse-
quently, the thiosemicarbazone was reacted with propi-
onic anhydride in tetrahydrofuran, as well as with the
acid chlorides of benzoic and 2-furylacrylic acids in
tetrahydrofuran in the presence of pyridine. The mix-
ture was refluxed for 8 hours, after which the precipi-
tate of acylpyridinium chloride was filtered off, and the
target products were isolated from the filtrate. As a re-
sult, the thiadiazolines were obtained in good yields of
64-77% (Fig. 2).

t-Bu t-Bu
HZN
NHZ R X 2a-c
o EtOH: AcOH=1:1 THF

reflux, 6h reflux, 8h for 3a
THF, pyridine
reflux, 8h for 3b-d R
(o)

X=O(CO)Et (2a) R =Et(2a, 3a),
X =ClI (2b) R = Ph (2b, 3b)
X= Cl(2c) R = 2-fur-CH=CH-(2c, 3c) 1 3a-c

Fig. 2. Synthesis of thiadiazolines 3a-c
Puc. 2. CxeMa cMHTE3a THAIUA30JIMHOB 3a-¢

The IR spectrum of product 3a, which is typi-
cal for the obtained thiadiazolines, exhibits absorption
bands corresponding to O-H stretching vibrations at
3551 cm?, N-H stretching vibrations at 3474, 3205,
3140 cm?, stretching vibrations of tert-butyl groups
at 2930-2850 cm, carbonyl stretching vibrations at
1699 cm, benzene ring bending vibrations at 1611 cm™?,
stretching vibrations of the azomethine C=N fragment
at 1595 cm™ as well as O-H bending vibrations at
1196 cm™. 'H NMR spectra of the synthesized com-
pounds contain a singlet for the amide N-H proton in
the downfield region at 9.0 ppm, a singlet for the thia-
diazoline ring proton at 6.8 ppm, which is consistent
with literary data [32], and all signals characteristic of
the phenolic fragment: a singlet of 18 protons in a
strong field at 1.41 ppm, a singlet of two aromatic pro-
tons in the region of 7.1 ppm and a phenolic OH proton
in the region of 5.3 ppm. The proton spectrum of com-
pound 3a contains signals of protons of two propionyl
fragments: 2 quadruplets for 2 protons at 2.25-2.34 and
2.53-2.72 ppm, as well as 2 triplets for 3 protons in the
region of 1.09-1.38 ppm. In the spectrum of compound
3b signals of two benzoyl fragments are observed in
the region of aromatic protons: multiplets at 7.32-7.47
and 7.67-7.84 ppm. In the proton spectrum of com-
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pound 3c, doublets of 4 protons of CH=CH fragments
are observed in the region of 6.6 and 7.3 ppm, as well as
signals of protons of two furan rings at 6.4 and 7.4 ppm.

The ABTS method was used to study the abil-
ity of the compounds to interact with cation radicals
(Fig. 3). The antioxidant interacts with the deeply col-
ored ABTS™, inhibiting it and causing decolorization
of the solution.
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Fig. 3. Results of the antioxidant activity by ABTS method
1-3a,2-3b,3-3c,4-BHT
Puc. 3. Pe3ynbrarsl nccie10BaHUS aHTHOKUCIUTEIFHON aKTUBHO-
ctu o meroay ABTS
1-3a,2-3b,3-3c,4-BHT

All synthesized compounds showed better ac-
tivity than BHT, compounds with a phenyl and eth-
ylenylfuryl fragment showed the best activity, which
may be due to their better ability to delocalize an un-
paired electron in the phenoxyl radical. Thiadiazolines
with propanoy! substituents showed lower efficiency.

EXPERIMENTAL PART

Melting points were determined using a Stuart
SMP30 apparatus. IR spectra were recorded using an
Agilent Carry 600 spectrometer equipped with an at-
tenuated total reflectance (ATR) device. *H and *C
NMR spectra were recorded at room temperature on a
Bruker Avance I1 300 spectrometer (*H, 300 MHz; *C,
75 MHz); Me,Si was used as an internal standard. An-
tioxidant activity was determined using a PE-2201
UV-VIS spectrophotometer. Mass spectra were ob-
tained using a Bruker FTICR Apex Ultra Fourier trans-
form ion cyclotron resonance mass spectrometer in
positive ionization mode using an electrospray ion
source (ESI).

Preparation of thiosemicarbazone of 4,6-di-
tert-butyl-2,3-dihydroxybenzaldehyde 1

Thiosemicarbazide (8,5 mmol) was added to a
solution of 4-hydroxy-3,5-di-tert-butylbenzaldehyde
(8,5 mmol) in 40 ml of a mixture of AcCOH:EtOH =1:1.

ChemChemTech. 2026. V. 69. N 9

The mixture was refluxed with stirring for 6 hours. Af-
ter completion of the reaction, the mixture was poured
into water. Then the resulting precipitate was filtered
off. The product was obtained with a yield of 62%,
white powder, m.p. 183-184 °C [33].

'H NMR (DMSO-ds, 8, ppm,3Jun, Hz): 11.19's
(1H, NH), 7.94 s (1H, CH), 7.41 s (2H, Har), 7.33 s
(1H, OH), 1.37 s (18H, t-Bu).**C NMR (DMSO-ds, 3,
ppm): & 177.7 (NH,-C=S), 156.5, 144.6, 139.6, 139.1,
127.35, 125.7,124.5, 35.0 ((CHs3)sC), 30.7 ((CHs)3C).
IR, v, cm™: vo.n — 3624, vn.n — 3453, 3236, 3155, ve=n Ar
— 1604, Ve=C Ar— 1533, Vc.N—1294, VC-H Ar— 889, 837.

Preparation of thiadiazole N-(5-(3,5-di-tert-bu-
tyl-4-hydroxyphenyl)-4-propionyl-4,5-dihydro-1,3,4-thi-
adiazol-2-yl)propionamide 3a

Thiosemicarbazone 2 (1,5 mmol) was dissolved
in 20 ml of THF and 1.5 mmol of propionic anhydride
were added. The mixture was refluxed with stirring for
8 h. The reaction progress was analyzed by TLC. After
which the reaction mixture was cooled, THF was evap-
orated and the residue was poured into water. Purifica-
tion of the compounds was performed by recrystalliza-
tion from ethanol. The product was obtained with a
yield of 77%, yellow crystals, m.p. 150-152 °C.

NMR H (CDCls, 8, ppm, Jun, Hz): 9.03 (1H,
NH), 7.00 (2H, Ar), 6.86 (1H, CH-S), 5.22 (1H, OH),
2.56 (m, 2H, CHy), 2.31 (q, 2H, CH>), 1.38 (18H, t-
Bu), 1.20 (3H, CHs), 1.09 (3H, CHs). C NMR
(CDCls, 8, ppm): 172.29, 153.97, 146.89, 136.17,
131.10, 121.91, 68.08, 34.32, 30.14, 29.35, 27.76,
8.81. IR, v, cm™: vo.n — 3551, vn.n — 3474, 3205, 3140,
VC-H — 2955, Vc=0 — 1699, VC=C Ar — 1611, VC=N — 1595.
HRMS (ESI-) for Ca2H33N303S, m/z: caled for [M-H]
418.2170, found 418.2158.

Preparation of thiadiazole 3b,c

Thiosemicarbazone 2 (1,5 mmol) was dis-
solved in 20 ml of THF and 1.5 mmol of corresponding
acyl chloride and a few drops of pyridine were added.
The mixture was refluxed with stirring for 8 h. The re-
action progress was analyzed by TLC. After which the
reaction mixture was cooled, THF was evaporated and
the residue was poured into water. Purification of the
compounds was performed by recrystallization from
an appropriate solvent.

3b: N-(4-benzoyl-5-(3,5-di-tert-butyl-4-hydrox-
yphenyl)-4,5-dihydro-1,3,4-thiadiazol-2-yl)benzamide.
Yellow crystals. Yield 74%, m.p. 107-109 °C (Ethanol:
H-0, 1:1).

NMR tH (CDCls, 8, ppm, Juu, Hz): 9.30 s (1H,
NH), 7.84-7.67 m (4H, Har), 7.47-7.32 m (6H, Har),
7.34 s (2H, Har), 7.10, s (1H, CH-S), 5.27 s (1H, OH),
1.41 (18H, t-Bu). 3C NMR (75 MHz, CDCl5): 165.10,
154.20, 136.29, 134.57, 133.25, 131.33, 130.88, 130.59,
130.09, 128.91, 128.39, 127.81, 127.59, 122.59, 34.37,
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30.18. IR, v, cm: vo.4 — 3630, vn-+ — 3414, 3233, 3140,
VC-H Ar — 3061, VC-H— 2959, VC=C Ar — 1611, Vc=0 — 1676,
ve=n — 1601, 1632, ve—c ar— 1480. HRMS (ESI+) for
CaoH33N30sS, m/z: caled for [M+H]* 516.2242, found
516.2315.

3c:  N-(5-(3,5-di-tert-butyl-4-hydroxyphenyl)-
4-(-3-(furan-2-yhacryloyl)-4,5-dihydro-1,3,4-thiadia-
zol-2-yI)-3-(furan-2-yl)acrylamide. Yellow crystals.
Yield 64%, m.p. 194-196 °C (Acetonitrile).

NMR 'H (300 MHz, CDCls) & 9.47 s (1H,
NH), 7.46 d (1H, fur), 7.43 d (1H, Fur), 7.43 d (1H,
CH=) 7.27 d (1H, CH=), 7.11 s (2H, Ar), 6.98 s (1H,
CH CH-S), 6.63d (1H, CH=), 6.53 d (1H, CH=), 6.48-
6.40 m (4H, fur), 5.21 s (1H, OH), 1.37 s (18H, t-Bu).
13C NMR (75 MHz, CDCls): 163.94, 154.03, 151.77,
150.77, 147.33, 145.10, 144.19, 136.14, 131.04,
129.25, 122.36, 116.17, 115.61, 114.39, 112.61,
112.23, 68.69, 58.41, 34.29, 30.11. IR, v, cM: Vo.H, N-H
—cm 3460, vn.n — 3208, ve=o — 1641, v c=n, c=C acryl —
1605, Vc=C furan— 1410, VC-0-C furan— 1017

HRMS (ESI+) of 3c: CsoH33N30sS, m/z: caled
for [M+H]* 548.2141, found 548.2212.

Antioxidant activity by the ABTS method [34]

2,2'-Azinobis(3-ethylbenzothiazoline-6-sul-
fonic acid) (Sigma) radical cation (ABTS™) was pre-
pared by mixing 7 mM aqueous potassium persulfate
solution and 2.45 mM ABTS ammonium salt solution.
The resulting solution was kept in the dark at room
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temperature for 12-16 h before use. The working solu-
tion was prepared by diluting the previous volume of
solution in ethanol until its absorbance at 734 nm was
0.70 £ 0.02. To 2.7 ml of the working solution, 300 pl
of 250 mmol solution of the prepared compounds in
DMSO were added. After 10 min, the absorbance at
734 nm was measured using a spectrophotometer. Per-
cent inhibition calculated as ABTS (%) = (AbsControl
— Abssasment)/AbsControl, where AbsControl is the
absorbance of the ABTS radical in ethanol; Abssasment
is the absorbance of the ABTS solution mixed with the
sample/standard extract. All determinations were per-
formed in triplicate.

CONCLUSIONS

New 4,5-dihydro-1,3,4-thiadiazole derivatives
containing a hindered phenol moiety were synthesized
via acylation of the corresponding thiosemicarbazone
with propionic anhydride and the corresponding acid
chlorides. The yields were 64-77%. The structures of
the obtained compounds were proven by IR, *H and **C
NMR spectroscopy. All synthesized compounds showed
a higher ability to interact with cation radicals compared
to BHT. Compound 3c with 2-furylethenyl fragment
demonstrated the highest antioxidant activity.

A6m0pbl 3as615a10m 00 omcymcmeuu KOH-
Gruxkma unmepecos, mpeoyrue2o pacKkpvlimus 8 OaH-
HOlU cmambe.
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