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Thiazole cycle is a structural element of many compounds which have potential or
already proven fungicidal, bactericidal and antiviral activity. A number of compounds and
materials with promising antimicrobial effects can be functionalized by introducing the
thiazole component into their composition. Among them, there are photoreactive materi-
als, complexing agents, convenient building blocks for the synthesis of biologically active
compounds etc. We have developed a number of synthetic approaches, as well as optimized
conditions for obtaining new thiazole-containing compounds, which have the prospect of
practical application based on their physicochemical properties and potential biological
activity.
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IlepcuexTuBHi 6ionoriuno akTuBHI CHOJXyKu Ha OCHOBi 5-(hopminriazoxy. B.M.Komasap,
0.0.Konomoityes, 1.0.Tapacenko, €.I'.Bondapenxo, C.B.Bymenro, O.B.Bypasos, M.I.Komasp,
O.[1.Pow.a.b.

TiazonbHUIl MUK € CTPYKTYPHUM €JIEMEHTOM 0ararb0X CIIOJYK, IO MAlOTh AK IOTEHIiHHY,
TaKk i mokasaHy (PyHrinmuaxy, OaxkTepuUIIMAHY Ta NPOoTHBipycHy mii. Bararo mepcrueKTuBHUX
CIIOJIYK Ta MaTepianiB Ha iX OCHOBI MOMKYTh OyTH (DYHKI[IOHAJII30BAHMMU 34 PAXYHOK BBEIEH-
Hs Tia30JbHOr0 KOMIIOHEHTa ;0 ix ckiuaxy. Cepen Hux € (oropeakTuBHI mMarepianm, KOM-
IJIeKCOYTBOPIOBaui, 3pyuHi OingmHr-OJ0KM s cuUHTE3y O0i0JoriuHO aKTHUBHHUX CIOJYK,
ToIo. ¥ HaHi pob6oTi po3pobieH0 HUBKY CHUHTETUYHHUX IIiIXOAiB Ta ONTHMMi30BaHO yMOBHU
OlIEP’KAHHS HOBUX TiA30J-BMUCHHUX CIOJYK, IKi MAIOTh IIEPCIEKTUBY IIPAKTUUYHOI'O 3aCTOCY-
BaHHS HA OCHOBI IX (pismKoO-XiMiuHMX XapaKTepucTUK i moreHIiiiHOI Oiosoriunoi akTuBHOCTIL

TuasoJbHBIM MUKJ ABIAETCS CTPYKTYPHBIM 9JI€MEHTOM MHOI'MX COE€IWHEHWI, MMEIOIUX
KaK IOTEHIMAJbHYIO, TaK U (PYHIrHIUAHOE, GAKTEPUIIUMAHOE ¥ IIPOTHBOBUPYCHOE AEMCTBUA.
Muorue mepcneKTHBHBIE COCIUHEHMSI M MATEPHAJbl HA MX OCHOBE MOI'YT OBITh (PYHKIMOHA-
JU3WPOBAHLI 38 CUET BBEJEHMS THA30JLHOI'O KOMIIOHEHTAa B MX cocTaB. Cpeau HUX €CTb
(doTopeaKTUBHBIE MATEPUAJBLI, KOMILIEKCOOOpasoBaTeau, yao0HbIe OUIAUHI-OJIOKU OJIS CHUH-
Te3a OMOJIOTMUYECKN aKTHBHBIX COEIMHEHWH, u ToMy mogobHoe. B mamHoii pabore paspaboran
PAL CUHTETHYECKUX IIOAXOJ0B W ONTHMMU3UPOBAHLI YCAOBUS IIOJYyUYEHHS HOBBIX THA30JbHBIX
CoeIMHEeHNl, KOTOPble MMEIOT MEPCIEKTUBY IIPAKTUUYECKOI0o IIPHMEHEHHUs Ha OCHOBE X (u-
3UKO-XMMUYECKUX XAPAKTEPUCTUK M IIOTEHI[MAJbHON OMOJOrHMYecKOM aKTHBHOCTH.
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1. Introduction

Thiazole cycle is an element of many
functional materials that are of practical
interest to researchers due to their biologi-
cal activity as well as their physicochemical
characteristics. There were obtained, for ex-
ample, promising triazole dendrimers [1]
with interesting photophysical and electro-
chemical properties; flavonoid derivatives
demonstrating pronounced anticancer action
[2]; 1-formyl-, 1-acetyl- and 1-arylpyrazoli-
nes having biological activity of a fairly
wide range [3]; various antibacterial azoles
[4]; analogs of chalcones, which are promis-
ing as ligands for the determination of p-
amyloid plaques in brain [5], etc. Among
thiazole-containing compounds, there are
also prospective fungicidal and bactericidal
drugs [6], compounds with anti-inflamma-
tory and anti-cancer properties. It should be
noted that all these compounds are obtained
based on carbonyl thiazoles and their de-
rivatives — o,B-unsaturated ketones. Using
such a synthetical way, various pyrazolines,
pyrazoles, oxazoles, isoxazoles, diketones,
and other promising compounds having
practically important physicochemical and
biological properties were synthesized.

Well-known and quite convenient ap-
proaches to synthesis of thiazole ring are
intermolecular cyclocondensation reactions.
In work [7], a synthetic approach to the
assembly of thiazole nucleus based on
thiosemicarbazides was presented. Another
method is cyclocondensation of thiourea
with various agents. Thus, the authors of
research [4] obtained corresponding 2-
amino-4-acetyl derivatives, using the chal-
cone analogs as an intermediate product
which was further modified in several par-
allel directions: to pyrazolines, pyrazoles,
oxazoles, isoxazoles, and the like.

One of the classical approaches to synthe-
sis of o,beta-unsaturated ketones is the
Claisen-Schmidt condensation. Using this
reaction, the authors of work [8] obtained
series of o,beta-unsaturated ketones based
on 2,4-disubstituted 5-formylthiazole de-
rivatives, and then, described their physico-
chemical and spectral properties. In the
same way, the authors of another research
[2] synthesized chalcone analogs ongoing
from 2-hydroxyacetophenone with further
cyclization to the corresponding flavones in
order to study the anticancer effect of the
obtained compounds. Acetyl derivatives in-
troduced into condensation with esters lead
to obtaining corresponding diketones [9].

302

Condensation of the latter with hydrazine
derivatives, as well as in the case of the
above-mentioned analogs of chalcone [6], re-
sults in corresponding pyrazole derivatives,
allowing thus to bypass the stage of obtain-
ing the intermediate pyrazolines. This leads
to increase in the total yield of the dis-
cussed multi-stage process. The pyrazole de-
rivatives thus obtained were investigated
for their inhibitory ability against 15-
lipoxygenase. It should be noted that N-
arylpyrazoles showed high selectivity and
also proved to be promising dual inhibitors
of cyclooxygenase.

One of the ways of synthesis of nitrogen-
containing heterocyclic compounds is het-
erocyclization of chalcone derivatives with
the participation of appropriate binucleo-
philic reagents. The classic approach of this
kind is condensation of chalcones with for-
mamide, which leads to the formation of
pyrimidine nucleus [10]. It was also shown
[11] that aliphatic unsaturated carbonyl
compounds are quite suitable starting com-
pounds for intermolecular cyclocondensation
reactions with various amides. The series of
compounds obtained demonstrate anti-can-
cer and anti-inflammatory effects whose ac-
tivity is comparable to the known drugs col-
chicine and comBrestatin [12]. The authors
of work [13] based on o,beta-unsaturated
ketones obtained a number of pyrazoline,
pyridine and pyrimidine analogues of 1,3,5-
triazine, which were then tested for antibac-
terial activity. Pyrimidine derivatives
showed the best results within the studied
series of compounds.

A modified approach to heterocyclization
was described in [14]: the interaction of
guanidine with o,beta-unsaturated ketones
resulted in 2-aminopyrimidines having quite
interesting optical properties. An efficient
synthetic route through condensation of
amidines with unsaturated aliphatic car-
bonyl compounds was suggested in paper
[15]. Such a condensation way can lead to
the formation of both the corresponding
pyrimidines and their derivatives — imida-
zoles. It should be noted that such diazahet-
erocycles are convenient building blocks due
to introduction of amino group in the early
stages of the synthesis; it is important that
the temporary chemical protection of the
amino group is critical under the conditions
of all following transformations. An alter-
native approach to the synthesis of the
pyrimidine ring based on heterocyclic
polyacids was described in works [12, 16],
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Fig. 1. General scheme of synthesis of derivatives 2-9. a) 4-Br-acetophenone, KOH, MeOH, r.t., 12h;
(b) Br2, CH;COONa*3H,0, CH;COOH, US, 1h; (c) amidine, pyridine, 100°C, 24h; (d) o-phenyle-

nediamine, Cu(CH;COO),, i-PrOH, reflux, 12h.

and a probable mechanism of cyclocondensa-
tion was suggested.

Thiazole derivatives of benzimidazole oc-
cupy a prominent place among the promis-
ing materials with biologically active prop-
erties based on nitrogen-containing hetero-
cyclic compounds. The thiazole analog,
2-(thiazol-4-yl) benzimidazole, has been
available under the trade name thiabenda-
zole for more than half a century. Recently,
both thiabendazole and its N-methyl analog
have been studied as ligands in complexion
with Iridium (III) ions [17]. Obtained com-
plexes demonstrated interesting electro-
chemical and photophysical properties and
were recommended as prospective electrolu-
minescent materials.

Recently, our research group has pro-
posed several synthetic approaches to prepa-
ration of the new compounds based on 5-for-
mylthiazole 1. First, it is the Claisen-
Schmidt condensation, the classical method
of the synthesis of o,beta-unsaturated ke-
tones. These compounds can be further un-
dergone various chemical modifications at
the propenone fragment. For this purpose,
the obtained analog of chalcone 2 was re-
acted with bromine, which led to production
of the corresponding diBromide 3 by the
modified method. Obtaining o,beta-dibromo-
propanone 3 proved the possibility of syn-
thesis of systematic series of unsaturated
ketone derivatives based on 5-formylthia-
zole, which do not contain substituents in
positions 2 and 4, without Bromination of
the thiazole ring. Next, propenone 2 was
introduced into a number of the intermo-
lecular cyclocondensation reactions with
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various B-aminoamidines. Thus, we obtained
several suitable pyrimidines 4-8 by the sim-
ple method without formation of by-prod-
ucts and with high yields. In addition, the
starting aldehyde 1 was condensed with
ortho-phenylenediamine to give the corre-
sponding benzimidazole 9. The proposed ap-
proach proved to be quite simple and acces-
sible for reproduction. Thus, we were able
to develop significantly simpler and more
efficient synthetic routes and to optimize
the conditions for obtaining a number of
promising derivatives based on 5-for-
mylthiazole.

2.Experimental

Melting points of all synthesized com-
pounds were determined with the Gal-
lenkamp melting point apparatus in open
capillary tubes. The reaction progress and
chemical purity of the synthesized com-
pounds were controlled using TL C Poly-
chrom SI F254 plates. 'H and '3C NMR
spectra were registered using DMSO-d6 on
Bruker Avance 400 spectrometer. LC/M S
spectra were recorded by Agilent 1100 L. C
MSD SL instrument, column SUPEL C O
Ascentis Express C18. Ultrasonic activation
was performed using an ultrasonic bath
Bandelin DT 156 BH.

All commercially available starting mate-
rials were provided by Enamine Ltd, Kiev,
Ukraine.

303



V.M.Kotlyar et al. /| Prospective biologically active ...

1- (4-bromophenyl) -3-thiazol-5-yl-

prop-2-en-1-one (2).

40% aqueous solution of KOH was added
dropwise to a mixture of solutions of 5-for-
mylthiazole (1) (1.18 g, 0.01 mol) in MeOH
(20 mL) and 4-Br-acetophenone (1.99 g, 0.01
mol) in MeOH (20 mL) until the color
stopped changing. The reaction mixture was
stirred for 12 hours, after which the pre-
cipitate formed was filtered off, washed
with 10 mL of MeOH and recrystallized
from EtOH. Yield 2.49 g (84.7%), yellow
powder, mp 133-135°C. 'TH NMR spectrum,
S, ppm: 7.65 (1H, d, J = 15.3 Hz); 7.78 (2H,
d, J = 8.6 Hz); 8.02 (1H, d, J = 15.3 Hz);
8.06 (2H, d, J = 8.6 Hz); 8.43 (1H, s); 9.25
(1H, s). 13C NMR spectrum, 8, ppm: 123.7;
127.5; 130.6; 131.9; 134.0; 135.2; 136.1;
148.2; 157.3; 187.7. Mass spectrum, m/z
Upel.-» %) 292(95), 293(15), 294(100),
295(14), 296(5). Found, %: C 49.04; H
2.71; Br 27.06; N 4.85; O 5.39; S 10.95.
CoHgBINOS. Calculated, %: C 48.99; H
2.74; Br 27.16; N 4.77; O 5.44; S 10.90.

2,3-Dibromo-1- (4-bromophenyl) -3-

thiazol-5-yl-propan-1-one (3).

1-(4-bromophenyl)-3-thiazol-5-yl-prop-2-
en-l-one (2) (2.94 g, 0.01 mol) was dis-
solved in CH;COOH (40 mL), and then
CH3;COONa + 3H,0 (1.86 g, 0.01 mol) was
added. The resulting mixture was placed in
an ultrasonic bath and Br2 (4.8 g, 0.03 mol)
was added dropwise. After adding the entire
amount of bromine, the reaction mixture
was kept for another 1 hour in an ultra-
sonic bath. Then, the precipitate formed
was filtered, washed with 20 ml of water,
and dried in vacuum. Yield 4.4 g (96.7%),
yellow powder, mp 142-143°C. 'H NMR
spectrum, 6, ppm: 6.835 (1H, d, J = 10.9
Hz); 6.65 (1H, d, J = 10.9 Hz); 7.87 (2H, d,
J = 8.6 Hz); 8.21 (2H, d, J = 8.6 Hz); 8.34
(1H, s); 9.25 (1H, s).13C NMR spectrum, §,
ppm: 43.4; 50.6; 128.4; 128.9; 132.1;
132.3; 135.3; 143.5; 153.0; 188.6. Mass
spectrum, m/z (I, ., %): 450(14), 452(47),
453(8), 454(44), 455(6), 456(21), 457 (3).
Found, %: C 31.86; H 1.73; Br 52.88; N
3.12; O 3.43; S 6.98. C12HSBF3NOS. Cal-
culated, %: C 31.75; H 1.78; Br 52.80; N
3.09; O 3.52; S 7.06.

Pyrimidines 4-8 synthesis.

General method. 1-(4-bromophenyl)-3-
thiazol-5-yl-prop-2-en-1-one (2) (2.94 g,
0.01 mol) was dissolved in pyridine (30
mL), and the corresponding amidine was
added to the solution. The reaction mixture
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was kept at 100° C for 24 hours. The sol-
vent was then evaporated under reduced
pressure, and the oily residue was dissolved
in ethyl acetate (20 mL). The insoluble solid
was filtered off, the filtrate was washed
with saturated aqueous NaCl (3 x 20 mL),
dried over anhydrous Na,SO,, and then the
solvent was evaporated under reduced pres-
sure. The solid residue was washed with
hexane (20 mL).

Tert-butyl N-[1-[4-(4-bromophenyl)-6-
thiazol-5-yl-pyrimidin-2-ylJethyl]car-
bamate (4).

Yield 4.05 g (87.9 %), light grey pow-
der, mp 178-180°C. 'TH NMR spectrum, §,
ppm: 1.42 (9H, s); 1.46 (3H, d, J = 7.3 Hz);
4.73 (1H, m); 7.26 (1H, bs); 7.81 (2H, d, J
= 8.6 Hz); 8.32 (2H, d, J = 8.6 Hz); 8.54 (s,
1H); 9.02 (s, 1H); 9.30 (s, 1H).13C NMR
spectrum, 6, ppm: 20.1; 28.3; 52.2; 77.8;
125.2; 129.3; 131.9; 135.3; 138.2; 144.6;
155.5; 158.2; 162.7; 163.0. Mass spectrum,
m/z (L., %): 459(82), 460(15), 461(100),
462(14), 463(7), 464(1). Found, %: C
52.01; H 4.51; Br 17.39; N 12.09; O 7.04;
S 6.96. C20H21BFN4028. Calculated, % s C
52.07; H 4.59; Br 17.32; N 12.14; O 6.94;
S 6.94.

Tert-butyl N-[1-[4-(4-bromophenyl)-6-
thiazol-5-yl-pyrimidin-2-yl ] propyl]car-
bamate (5).

Yield 4.08 g (85.9 %), light grey pow-
der, mp 135-140°C. 'H NMR spectrum, §,
ppm: 0.95 (3H, t, J = 7.4 Hz); 1.39 (9H, s);
1.79 - 1.73 (1H, m); 1.95 - 1.89 (1H, m);
4.55 (1H, m); 7.27 (1H, d, J = 8.0 Hz); 7.81
(2H, d, J = 8.6 Hz); 8.33 (2H, d, J = 8.6
Hz); 8.56 (1H, s); 9.03 (1H, s); 9.31 (1H,
s).13C NMR spectrum, §, ppm: 27.1; 28.3;
58.2; 77.8; 109.7; 125.2; 129.4; 131.9;
135.3; 138.2; 144.6; 155.8; 158.0; 158.2;
162.6. Mass spectrum, m/z (I ., %):
473(95), 474(22), 475(100), 476(22), 478(7).
Found, %: C 53.01; H 4.99; Br 16.88; N
11.71; O 6.73; S 6.68. C2'H23BrN402S.
Calculated, %: C 53.06; H 4.88; Br 16.81;
N 11.79; O 6.73; S 6.73.

Tert-butyl N-[1-[4-(4-bromophenyl)-6-
thiazol-5-yl-pyrimidin-2-yl]-1-methyl-
ethyl]carbamate (6).

Yield 4.27 g (89.9 %), light grey pow-
der, mp 174-175°C. '"H NMR spectrum, §,
ppm: 1.32 (9H, bs); 1.61 (6H, s); 7.27 (1H,
m); 7.81 (2H, d, J = 8.6 Hz); 8.30 (2H, d, J
= 8.6 Hz); 8.52 (1H, s); 9.01 (1H, s); 9.29
(1H, s).13C NMR spectrum, §, ppm: 27.8;
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28.8; 77.4; 108.9; 125.0; 129.2; 131.9;
135.6; 138.6; 144.3; 154.6; 157.8; 158.0;
162.4. Mass spectrum, m/z (I.., %):
473(100), 474(30), 475(95), 476(31), 477(8).
Found, %: C 53.16; H 4.96; Br 16.76; N
11.73; @] 6.66; S 6.73. C21H23BrN4OZS.
Calculated, %: C 53.06; H 4.88; Br 16.81;
N 11.79; O 6.73; S 6.73.

Tert-butyl N-[1-[4-(4-bromophenyl)-6-

thiazol-5-yl-pyrimidin-2-ylJcy-

clobutyl Jcarbamate (7).

Yield 4.23 g (86.2 %), light grey pow-
der, mp 159-163°C. '"H NMR spectrum, §,
ppm: 1.37 (9H, s); 2.06 (2H, m); 2.39 (2H,
m); 2.69 (2H, m); 7.68 (1H, bs); 7.82 (2H, d,
J = 8.6 Hz); 8.33 (2H, d, J = 8.6 Hz); 8.54
(1H, s); 9.03 (1H, s); 9.30 (1H, s).13C NMR
spectrum, J, ppm: 15.2; 25.5; 27.8; 28.3;
32.8; 60.4; 77.5; 108.9; 125.1; 129.2;
131.9; 135.6; 138.6; 144.4; 154.8; 157.9;
158.0; 162.4; 173.0. Mass spectrum, m/z
Tpel.-» %) 485(82), 486(28), 487(100),
488(28), 489(9). Found, %: C 54.24; H
4,71; Br 16.89; N 11.56; O 6.62; S 6.48.
C22H23BFN4028. Calculated, % : C 54.21;
H 4.76; Br 16.39; N 11.49; O 6.57; S 6.58.

Tert-butyl N-[3-[4-(4-bromophenyl)-6-
thiazol-5-yl-pyrimidin-2-yl [tetrahydro-
furan-3-ylJcarbamate (8).

Yield 4.22 g (83.9 %), light grey pow-
der, mp 164-166°C. '"H NMR spectrum, &,
ppm: 1.36 (9H, s); 2.833 (1H, m); 2.66 (1H,
m); 3.95 (1H, m); 4.01 (1H, m); 4.18 (1H,
m); 4.30 (1H, m); 7.70 (1H, bs); 7.83 (2H, d,
J = 8.6 Hz); 8.31 (2H, d, J = 8.6 Hz); 8.56
(1H, s); 9.03 (1H, s); 9.30 (1H, 5).'3C NMR
spectrum, 8, ppm: 26.0; 28.8; 67.8; 68.2;
78.1; 78.4; 109.7; 125.7; 129.8; 132.4;
1385.8; 138.8; 145.1; 158.5; 158.7; 163.0.
Mass spectrum, m/z (I.., %): 501(92),
502(25), 503(100), 504(26), 505(8). Found,
%: C 52.54; H 4.52; Br15.97; N 11.01; O
9.54:; S 6.42. C22H23BrN4O3S. Calculated,
%: C 52.49; H 4.60; Br 15.87; N 11.13; O
9.54; S 6.37.

5-(1H-Benzimidazol-2-yl)thiazole (9).

A solution of 5-formylthiazole (1) (1.13
g, 0.01 mol) in 30 mL of isopropanol was
mixed with 70 mL of aqueous solution of
Cu(CH5CO0), (1.82 g, 0.01 mol). Then o-
phenylenediamine (1.08 g, 0.01 mol) was
added to the resulting mixture. The reac-
tion mixture was refluxed for 2 hours, and
then chilled to room temperature. The pre-
cipitate was filtered off and immediately
placed in i-PrOH (25 mL). Then H2 S was
passed through the resulting suspension for
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15 minutes. The resulting reaction mixture
was filtered, the solution was evaporated
under reduced pressure, and the residue was
recrystallized from i-PrOH. Yield 1.87 g
(92.6%), Brown-gray powder, mp 215-220°
C dec. 'TH NMR spectrum, 8, ppm: 7.23 (2H,
m); 7.59 (2H, m); 8.58 (1H, s); 9.23 (1H, s);
13.15 (1H, bs).’3C NMR spectrum, §, ppm:
115.1; 118.5; 123.3; 123.6; 133.7; 135.5;
137.5; 137.7; 144.2; 152.1. Mass spectrum,
m/z (Ig.-, %) 202(100), 203(10), 204(8).
Found, %: C 59.80; H 3.44; N 20.79; S
15.97. C10H7N3S. Calculated, %: C 59.68;
H 3.51; N 20.88; S 15.93.

3. Results and discussion

The Claisen-Schmidt condensation ap-
plied to 5-formylthiazole and 4-Br-acetophe-
none occurred by usual way, although the
nature of thiazole cycle, its reactivity, and
even the ability to be open under certain
conditions do not preclude complications
during the reaction with methylene-active
compounds under alkaline catalysis. o,B-un-
saturated ketone 2 was obtained in high
yield. At the next stage, the synthesis of
dibromo derivative 38 from ketone 2, we at-
tempted to carry out the reaction under
classical conditions: both in CCl; and in
CH;COOH according to the methods [18].
Bromination reaction did not always go
smoothly: in the reaction in CCl,, it was
difficult to achieve complete conversion of
the starting propenone into the dibromo-
containing product. The reactions in
CH3COOH led to the formation of a mixture
of products: monobromopropenone (c-Br)
and dibromopropanone. Thus, the attempts
to achieve complete bromination by a multi-
ple bond and to obtain only the dibromo-
substituted product resulted in formation of
a number of by-products. Tougher reaction
conditions led to the tarring and formation
of a salt form (hydrobromide) of o-Br de-
rivative. We tried to neutralize the salt
form, but its reactivity was insufficient to
interact with the classical bases: triethy-
lamine, NaHCO,, pyridine, and so on.

Ultrasonic activation at room tempera-
ture in acetic acid with direct addition to
the reaction medium of the base, sodium
acetate, was further used for the synthesis
of the target product. In this case, we man-
aged to obtain the target product with al-
most quantitative yield without the pres-
ence of by-products.

o,B-unsaturated ketone 2 was used as a
cyclizing agent in heteroaromatization reac-
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tions, and introduced into a number of the
intermolecular cyclocondensation reactions
with various o-aminoamidines. This allowed
obtaining the target pyrimidine derivatives,
although initially we isolated products of
unsatisfactory degree of purity containing
5-7T% w/w by-products in the amount. Simi-
lar result was obtained when boiling an
equimolar mixture of reactants in pyridine
(~ 115-116°C). Under these rather harsh
conditions, the possibility of tarring or po-
lymerization of the reagents involved was
not excluded. After several unsuccessful at-
tempts, we somewhat relaxed the conditions
of the reaction under discussion: the tem-
perature was reduced to 100° C that avoided
formation of the by-products.

Under the optimal conditions described
above, we obtained a number of thiazole de-
rivatives with pyrimidine ring 4-8, which
were functionalized with a chemically pro-
tected amino group. If necessary, the pro-
tecting tert-butoxycarbamate group could be
removed, and the obtained products would
be introduced into the reaction with the
participation of the free amino group. That
would allow expanding the functions of the
obtained compounds beyond the traditional
heterocyclization reactions.

In addition, on the example of benzimi-
dazole derivative 9, we showed the possibil-
ity of obtaining the perspective thiazole-
containing compounds in terms of their bio-
logical activity and subsequent
functionalization. We also used a simple
and affordable method of benzimidazole
cycle synthesis based on aldehyde and o-
phenylenediamine. The synthesis with Cop-
per (II) acetate is economically more attrac-
tive than the Suzuki and Kumada reactions
using valuable Palladium compounds or
toxic organophosphorus reagents, as well as
it is simpler and safer than organolithium
or silylation reactions. It provides high
yields and low probability of formation of
the unwanted by-products. The studied cy-
clocondensation reaction opens opportuni-
ties for the synthesis of compounds of thia-
zolyl-benzimidazole series as thiabendazole
congeners, which are promising in terms of
their high biological activity.

4.Conclusions

We have analyzed modern synthetic ap-
proaches to obtaining a number of substi-
tuted derivatives of thiazole, chalcone,
pyrimidine, and benzimidazole. An opti-
mized method for the synthesis of substi-
tuted pyrimidine derivatives based on thia-

306

zole-containing unsaturated compounds is
proposed. The appropriate conditions for
carrying out the bromination reaction of
o,beta-unsaturated systems containing thia-
zole moiety non-substituted in positions 2
and 4 are found. At these conditions, the
formation of by-products of halogenation or
hydrohalogenation is practically excluded,
and the total yield of target products is
close to the quantitative one. The optimal
synthetic approach to the formation of
benzimidazole cycle based on aldehydes is
proposed. It is much simpler and cheaper
than known alternative methods. As a re-
sult, a series of new functionalized products
promising both in terms of their physico-
chemical properties and biological activity
were synthesized.
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