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B nacmosaweii pabome 6v11 cunmesuposan pao a3omMemuHo8 Ha OCHO8e 2-AMUHOMUA301a
¢ ppazmenmom Ikpanupoeannozo genona. Cunmes exnouan opomuposanue 4-zudpoxcu-2,6-ou-
mepm-oymunayemodgenona opomuoom meou (Il). Kunauenue nonyuennozo opomoayemodghenona
Cc mUuoKapoamuoom 6 ayemone 6 meueHue 24 4 npueeno K oopazoeanuio 2-amuno-4-apunmuazona
¢ 6b1x000m 98%. 3amem 6 x00e Konoencayuu 2-aMUHOMUA30IA C PAOOM APOMAMUYECKUX AlbOe-
2u008 (4-numpobensanvoezuo, 2-zudpoxcu-3-numpooensanvoezud, 3-HumpooeH3anvoezuo, 3,5-
oubpom-2-zudpoxcubdenzanvoezuod, 4-oumemuiamuHodeH3a1b0e21u0) 8 RPUCYHCIMEUU CEPHOU KUC-
Jlomul 6 Kauecmee Kamaauzamopa, ovliau noyueHsl a30Memunst ¢ evlxooamu om 35 0o 71%.
CmpyKkmypa noayueHnvlx coeOuHeHul ovlia noomeeprcoena ¢ nomouivto HK-cnekmpomempuu,
'H u BC AMP-cnexmpockonuu. HK cnekmpui nonyuennuix euiecme codepicam noaocsl nozio-
wenusn ¢ oonacmu 1665-1630 cm™, xapakmepusie ona sanenmnozo konebanus C=N azomemuno-
60ii zpynnbt, nonocwt noznouyenus npu 1621 cm™, coomeemcmeyouue C=N Konebanusm ¢ mua-
3016HOM Konvye. IIpomonnbsie cnekmput cooepicam nuku npomonoe CH=N ¢ o6racmu 9-10 ppm.
AHMUOKCUOAHMHAA AKMUBGHOCHb NOJIYUEHHBIX COCOUHEHUIl OblNa UCC1e008AHA OGYMA Memo-
oamu: ABTS (2,2'-azuno-ouc(3-smunoenzomuazonun-6-cynshoxucioma — npossnsaemca anmu-
paoukanvnan akmuenocms) u PFRAP (éoccmanosumenvnasn cuna heppuyuanuoa Kaius — 6vl-
A6nenue cnocobnocmu eoccmanagnueamo uomnsl ycenesa Fe®). B kauecmee konmponvnozo 06-
Pazua ucnoav3oeanu pacnpoCmMpanHennvlit NPOMbLUIeHHbII aumuoxkcudanm — 4-memun-3,5-0u-
mepm-oymunghenon. Bce cunme3zuposannvle azomemunsl NOKA3AaU 8bICOKYI0 AKMUBHOCHIb, 34 UC-
Kuouenuem coeounenus 4e (4-(2-((4-(0umemunamuno)2,6-0u-mpem-oymunoen3unuoen)amuno)mu-
azon-4-un)penon) 6 memooe ABTS, komopoe okazanocey menee aKMu@HvlM HO CPAGHEHUIO CO
cmanoapmom. B o6oux memooax coedunenun na ocnoge 3-numpooenzanvoecuoa u 3,5-ou-opom-
2-2u0poKcuben3anboezuoa npoAGUIU doee 6bICOKYI0 AHMUOKCUOAGHMHYI0 AKMUBHOCHb.
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In the present work, a series of azomethines based on 2-aminothiazole with a shielded phe-
nol fragment were synthesized. The synthesis involved bromination of 4-hydroxy-2,6-di-tert-bu-
tylacetophenone with copper (1) bromide. Reflux the resulting bromoacetophenone with thiocar-
bamide in acetone for 24 h resulted in the formation of 2-amino-4-arylthiazole in 98% yield. Then,
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during the condensation of 2-aminothiazole with a series of aromatic aldehydes (4-nitrobenzalde-
hyde, 2-hydroxy-3-nitrobenzaldehyde, 3-nitrobenzaldehyde, 3,5-dibromo-2-hydroxybenzaldehyde,
4-dimethylaminobenzaldehyde) in the presence of sulfuric acid as a catalyst, azomethines were ob-
tained in yields from 35 to 71%. The structure of the obtained compounds was confirmed using IR
spectrometry, *H and *C NMR spectroscopy. The IR spectra of the obtained substances contain
absorption bands in the region of 1665-1630 cm™, characteristic of the C=N stretching vibration of
the azomethine group, absorption bands at 1621 cm™, corresponding to C=N vibrations in the thi-
azole ring. The proton spectra contain peaks of CH=N protons in the region of 9-10 ppm. The
antioxidant activity of the obtained compounds was studied by two methods: ABTS (2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid - showing antiradical activity) and PFRAP (potassium
ferricyanide reducing power - revealing the ability to reduce iron ions Fe**), a common industrial
antioxidant, 4-methyl-3,5-di-tert-butylphenol, was used as a reference sample. All synthesized azo-
methines showed high activity, with the exception of compound 4e (2,6-di-tert-butyl-4-(2-((4-(di-
methylamino)benzylidene)amino)thiazol-4-yl)phenol) in the ABTS method, which turned out to be
less active compared to the standard. In both methods, compounds based on 3-nitrobenzaldehyde

and 3,5-di-bromo-2-hydroxybenzaldehyde showed higher antioxidant activity.

Keywords: thiazole, 2,6-di-tert-butylphenol, antioxidant, antiradical activity

)1.]'[5[ IUTUPOBAHMS

Komenes B.H., Cractuna O.B., Mymunos P.I11., CuBakoBa A.Il. CuHTE3 U aHTHOKHUCIUTENbHAS AKTUBHOCTh a30METUHOB
Ha OCHOBE 2-aMHHOTHA30Ja ¢ PparMEeHTOM 3KpaHHUPOBAHHOTO (eHoNa. H38. 8y308. Xumus u xum. mexunonoeus. 2026. T. 69.

Brm. 2. C. 15-20. DOI: 10.6060/ivkkt.20266902.7259.
For citation:

Koshelev V.N., Snastina O.V., Muminov R.Sh., Sivakova A.P. Synthesis and antioxidant activity of azomethines based on
2-aminothiazole with sterically hindered phenol fragment. ChemChemTech [lzv. Vyssh. Uchebn. Zaved. Khim. Khim.
Tekhnol.]. 2026. V. 69. N 2. P. 15-20. DOI: 10.6060/ivkkt.20266902.7259.

INTRODUCTION

Oxidative stress is an intensification of oxida-
tive processes occurring in the body. In this case, anti-
oxidants produced by the body itself are unable to cope
with the action of prooxidase components (active
forms of oxygen, such as singlet oxygen and peroxide
compounds, hydroxyl radicals, etc.). As a result, free
radical oxidation reactions are stimulated, antioxidant
activity decreases, free radicals accumulate, and the
process progresses to an even greater extent. As a re-
sult, the structure of proteins, lipids, and other macro-
molecules of the body changes, which leads to the
emergence and development of various pathologies,
including cancer [1-3].

Antioxidant activity can be exhibited by vari-
ous compounds synthesized in vivo. An example of such
an antioxidant of non-enzymatic nature is a-tocopherol,
which contains a phenolic ring in its molecule.

Due to their high antioxidant activity, steri-
cally hindered phenols are often used as a structural
unit of biologically active substances [4], additives in
the food industry [5-7], and also as an antioxidant ad-
ditive to oils [8, 9].

Thiazole compounds are of great importance
for pharmaceuticals, biochemistry, and clinical and ex-
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perimental medicine. Thus, various thiazole deriva-
tives can exhibit antiprotozoal [10], antiulcer [11], an-
tiviral [12], antitumor [13], anti-inflammatory [14], an-
tifungal [15], antituberculosis [16], neuroprotective
[17, 18] and other types of biological activity. Thia-
zole-based drugs have an analgesic [19] and antialler-
gic [20] effect.

Thiazoles are the starting compounds for the
synthesis of fungicides, biocides, and dyes [21]. Also,
worth noting are studies in the field of antioxidant ac-
tivity of thiazole derivatives, which have shown the
ability to absorb radicals. [22-24].

The azomethine fragment in the molecule can
also provide a number of useful properties. Thus,
Schiff bases can exhibit antimicrobial, antiviral and an-
titumor activity [24-26]. Azomethines (for example,
oxphalin  (1-(3,4-dihydroxybenzylidene)-2,4,6-trime-
thylaniline)) are capable of inhibiting the action of
lipoxygenase and exhibiting anti-inflammatory activ-
ity [27]. Lipoxygenases, in turn, in mammals partici-
pate in the pathogenesis of several inflammations, such
as arthritis, psoriasis and bronchial asthma [28-30].
Azomethines are also characterized by antimicrobial,
antimalarial, and fungicidal activity [31-34].

An interesting application of Schiff bases is
their use as corrosion inhibitors [35]. Antioxidant ac-
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tivity of some azomethine derivatives has been re-
ported [36,37]. They are used as pigments and dyes,
catalysts, semi-finished products in organic synthesis,
and polymer stabilizers [38].

The aim of the work is to synthesize new azo-
methines that combine a thiazole fragment and 2,6-di-
tert-butylphenol in their structure and to study the an-
tioxidant activity of the obtained compounds.

RESULTS AND DISCUSSION

The target azomethines were synthesized ac-
cording to Schemes 1 and 2. In the first stage, 4-hy-
droxy-3,5-di-tert-butylacetophenone 1 was brominated
with copper (I1) bromide as a halogenating agent, with
the yield of target bromide 2 of 91%.

OH OH
S
CuBry, CHCI3:EtOAc HZNXNHZ
_— 2 3 = 2,
10h, A acetone, 24h, A
Br-
0 o

1 2 3
Scheme 1. Scheme for bromacetophenone 2 synthesis
Cxema 1. Cxema cuHTe3a OpomMarieTodeHoHa 2

2-Aminothiazole 3 was synthesized by the in-
teraction of bromoacetophenone 2 with thiourea. The
reaction was carried out by reflux the starting reagents
in ethanol for 12 h. The target product was obtained in
98% yield. The IR spectrum contains an absorption
band at 1621 cm™, corresponding to the stretching vi-
brations of the C=N bond in thiazole, absorption bands
in the region of 3100 cm?, characteristic of the amino
group, and bands, characteristic for phenolic ring:
3580 cm* corresponding to O-H bond stretching vi-
bration, 1153 cm™ corresponding to C-O bond stretch-
ing vibrations. The H! NMR spectrum contains a sin-
glet at 7.75 ppm, corresponding to the CH proton in the
thiazole ring, as well as peaks characteristic of tert-bu-
tylphenol: a singlet of two aromatic protons at 7.35 and
a singlet of the OH proton of phenol at 6.99 ppm.

OH OH
i EtOH, H,SO,
+ A H 12h, A 7
< /N ’ S%/N
s .
NH, <
Ar
3 4a-e
* * * * *
HO HO
Ar=
NO, NO, Br Br
NO, N
4a 4b 4c 4ad de

Scheme 2. Scheme for the preparation of azomethines 4a-e
Cxema 2. Cxema HOJTy4eHHs a30METHHOB 4a-€
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Azomethines 4a-e were obtained by reaction
between thiazole 3 with a number of aldehydes. The
best yields were obtained by refluxing the starting ma-
terials in ethanol in the presence of catalytic amounts
of sulfuric acid. All spectra show the absence of a band
characteristic of aromatic amines (3500-3300 cm™),
while bands are present in the region of 1665-1630 cm™,
indicating the presence of the azomethine group. The
proton spectra contain peaks of CH=N protons in the
region of 9-10 ppm, peaks corresponding to aromatic
protons of phenol at 7.03-7.10 ppm, and strong field
signals indicating the presence of tert-butyl groups.

The ABTS method was used to study the abil-
ity of the compounds to interact with cation radicals
(Fig. 1). All synthesized azomethines showed high ac-
tivity, with the exception of compound 4e, which was
less active than the standard — 4-methyl-3,5-di-tert-bu-
tylphenol (BHT). The highest activity was shown by
azomethines 4c and 4d based on meta-nitrobenzalde-
hyde and 3,5-di-bromo-2-hydroxybenzaldehyde.
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Fig. 1. Results of the antioxidant activity by ABTS method
1-4a,2—-4b,3-4c,4-4d,5—-4e, 6 - BHT
Puc. 1. Pe3yJ'IBTaTLI HCCJIICAOBAHUA AHTUOKHUCIIUTENIEHON aKTUBHOCTH
no meroxy ABTS 1—4a,2—-4b,3-4c,4-4d,5-4e, 6-BHT

To study the ability of compounds to exhibit
electron-donor properties, the PFRAP method was
used, based on the analysis of iron-reducing activity.
The results of the measurements are presented in Fig. 2.
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Fig. 2. Results of the antioxidant activity by PFRAP Assay 1 — 4a,
2—-4b,3—4c,4-4d,5—4e,6 —BHT
Puc. 2. PesynbraTs! nccnepoBanuii mo meroay PFRAP 1 — 4a,
2-4b,3-4c,4-4d,5—4e, 6 -BHT
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All synthesized compounds showed higher ac-
tivity compared to BHT, the most active compounds
were 4c¢ and 4d.

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 Il 300 spectrometer (1H, 300 MHz;
13C, 75 MHz); Me4Si was used as an internal stand-
ard. Antioxidant activity was determined using a PE-
2201 UV-VIS spectrophotometer.

Preparation of 2-bromo-1-(3,5-di-tert-butyl-
4-hydroxyphenyl)ethan-1-one 2

Copper (1) bromide (17 mmol) was added to a
solution of 4-acetyl-2,6-di-tert-butylphenol 1 (8 mmol)
in 40 ml of a mixture of CHCI;:EtOAc (1:1). The mix-
ture was refluxed with stirring for 10 h, after which the
reaction mixture was filtered, the filtrate was evapo-
rated and filled with hexane, and stored under a layer
of hexane. The product was obtained with a yield of
91%, m.p. 107-109 °C (lit. 107.5-108.5 °C [39]).

Preparation of 4-(2-aminothiazol-5-yl)-2,6-di-
tert-butylphenol 3

Bromoacetophenone 2 (0.5 g, 0.001 mol) was
dissolved in 15 ml of ethanol, thiourea (0.125 g,
0.001 mol) was added. The mixture was refluxed with
stirring for 10 h, resulting in the 2-aminothiazole de-
rivative in 97% yield, white crystals, m.p. 190-192 °C.
H NMR (DMSO-d®, §, ppm, 3Juu, Hz): 7.71 (s, 1H,
CH thiazole), 7.35 (s, 2H, Har), 6.99 (s, 1H, OH), 1.40
(s. 18H, t-Bu). °C NMR (DMSO-d6, 5, ppm): 170.68,
155.75, 140.13, 125.77, 123.23, 120.90, 100.53, 35.17,
30.67. IR, v, ecm™®: 1346, -C=N — 1621. vn.n — 3100,
VC=N — 1621.

Preparation of azomethines 4 a-e

2-Aminothiazole 3 (1 equiv.) was dissolved in
10 ml of ethanol, aldehyde (1 equiv.) and a catalytic
amount of sulfuric acid were added. The reaction mix-
ture was refluxed with stirring for 24 h. The reaction
progress was analyzed by TLC. After completion of
the reaction, the mixture was poured into water. The
mixture was extracted with butyl acetate, dried over so-
dium sulfate, the solvent was evaporated, the residue
was taken up in water and purified by column chroma-
tography on silica gel using a mixture of dichloro-
ethane:ethanol 20:1 as an eluent.

4a: Orange crystals. Yield 35%, m.p. 126-
128 °C. *H NMR (DMSO-d®, 3, ppm, 33, Hz): §9.18
(s, CH=N), 8.17 (d, J=9, 2H, Har), 7.56 (d, J = 9, 2H,
Har), 7.23 (s, 1H, CH thiazole), 7.03 (s, 2H, Har), 6.85

18

(s, 1H, OH), 1.18 (s. 18H, t-Bu). 3C NMR: 167.75,
154.20, 149.98, 147.22, 139.30, 128.17, 127.04,
125.26, 124.06, 118.60, 76.04, 64.20, 39.14, 30.79. IR,
v, em™: vno, — 1519, 1346, ve-n — 1628.

4b: Orange crystals. Yield 68%, m.p. 143-
145 °C. *H NMR (DMSO-d®, 5, ppm, 3Jun, Hz): 9.29
(s, CH=N), 8.55 (s, 1H, Har), 8.35 (d, J=9, 1H, Har),
7.99 (d, J =9, 1H, Har), 7.10 (s, 2H, Har), 7.05 (s, 1H,
CH thiazole), 6.90 (s, 1H, OH), 1.31 (s. 18H, t-Bu). IR,
v, em™: vno, — 1524, 1340, ve-n — 1611.

4c: Orange crystals. Yield 41%, m.p. 197-
198 °C. H NMR (DMSO-d®, &, ppm, 3Jun, Hz): 9.45
(s, CH=N), 8.42 (s, 1H, Har), 8.17 (d, J =9, 1H, Har),
7.48 (d, J=9, 1H, Har), 7.10 (m, 1H, Har), 7.03 (s, 2H,
Har), 6.90 (s, 1H, OH), 1.33 (s. 18H, t-Bu). IR, v, cm™:
VNo, — 1524, 1346, vc-n — 1611,

4d: Orange crystals. Yield 71%, m.p. 198-
200°C. *H NMR (DMSO-d®, §, ppm, 3Jun, Hz): 9.81 (s,
1H CH=N), 7.62 (s, 1H, CH thiazole), 7.25 (s, 1H,
Har), 7.21 (s, 1H, OH), 7.03 (s, 2H, Har), 1.18 (s. 18H,
t-Bu). IR, v, cm™; vcon — 1634,

4e: Orange crystals. Berxon 38%. T.m. 312-
314 °C. 'H NMR (DMSO-d®, §, ppm, 3Juu, Hz): 8.89 s
(CH=N), 8.30 (s, 1H, CH thiazole), 7.68 (d, J =9, 1H,
Har), 7.15 (d, J = 9, 1H, Har), 7.03 (s, 2H, Har), 6.82
(s, 1H, OH), 2.89 (s, 6H, CH3), 1.19 (s, 18H, t-Bu). 1*C
NMR: 190.30, 167.72, 155.44, 139.39, 137.32, 129.02,
125.52,125.10, 123.82, 123.74, 120.51, 111.55, 34.86,
30.38. IR, v, cm™vc=n — 1628.

Antioxidant activity

ABTS. 2,2'-Azinobis(3-ethylbenzothiazoline-
6-sulfonic acid) (Sigma) radical cation (ABTS-+) was
prepared by mixing 7 mM aqueous potassium persul-
fate solution and 2.45 mM ABTS ammonium salt so-
lution. The resulting solution was kept in the dark at
room temperature for 12-16 h before use. The working
solution 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; Ab-
ssasment is the absorbance of the ABTS solution
mixed with the sample/standard extract. All determina-
tions were performed in triplicate.

Ferrum reducing capacity. To 100 ul of anti-
oxidant solution (500 uM) were added 400 ul of EtOH
(96%), 2.5 ml of H,O, 750 ul of 1 M HCI, 750 ul of
ferricyanide solution (1%), 250 ul of SDS (1%) and
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250 ul of FeCls 6H20 (0.2%). The mixture was kept at
50 °C in a water bath for 20 min, allowed to cool to
room temperature and the optical density was meas-
ured at 750 nm relative to the reagent without the test
substance [40].

CONCLUSIONS

New azomethines were synthesized on the ba-
sis of 2-aminothiazole with a 2,6-di-tert-butylphenol
fragment and a number of aromatic aldehydes. The
yields were 35-71%. The structures of the obtained
compounds were proven by *H, *C NMR and IR spec-
troscopy. The synthesized compounds, with the excep-
tion of substance 4e, based on 4-dimethylaminobenzal-
dehyde showed a higher ability to interact with cation
radicals compared to BHT. All the studied substances
showed a higher iron-reducing activity compared to
BHT; in both methods, azomethines based on 3-nitro-
benzaldehyde and 3,5-dibromo-2-hydroxybenzalde-
hyde 4c and 4d showed a higher antioxidant activity.

The authors declare the absence a conflict of
interest warranting disclosure in this article.

A6’I’I’lOpbl 3aaeaqaom 00 omcymcmeuu KOH-
Gauxma unmepecos, mpedyouie2o pacKkpolmus 8 OaH-
HOU cmambe.
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