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1,3-Thiazole is one of the most attractive cores in heterocycles chemistry
and drug discovery. Its widespread use in diverse medicinal substances
makes thiazole a versatile scaffold, which leads to the novel generation
of efficient pharmaceuticals. This study was intended to synthesize a se-
ries of N,N-disubstituted aminothiazole derivatives having various frag-
ments at the 4th and 5th positions of the thiazole ring. The formation
of such derivatives was carried out via the Hantsch reaction, conden-
sation reactions with various aldehydes, bromination and formation of
the chalcone-type derivatives. Another goal of this study was to inves-
tigate the antibacterial properties of the obtained compounds against
some gram-positive Bacillus species such as B. coagulans, B. subtilis
and B. megaterium and gram-negative Escherichia coli. As it is shown
by our studies in recent years, the synthesized thiazoles can serve for
future development of potent thiazole derivatives for various medicinal

targets.
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INTRODUCTION

Despite a large progress in medicine with a broad
spectrum of antibiotics and antimicrobial agents,
the incidence of life-threatening diseases caused
by multi-drug pathogenic microorganisms has in-
creased worldwide and is a major cause of morbid-
ity and mortality in immunocompromised patients
[[l]. To control this prevalence and reduce antimi-
crobial resistance, more effective new antibacterial
drugs without side effects are needed.

The thiazole scaffold is a significant heterocyclic
structure present in a large variety of biologically
active compounds, and it is also a unique essen-
tial scaffold of many natural often marine-derived
sources []. Thiazole-based synthetic compounds
are a versatile building block for drug discovery
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and design. At last decades, thiazole derivatives
have focused a considerable attention because of
their broad application including pharmaceutical
and biological activities [E]. The thiazole motif ap-
pears in the structure of penicillin and bacitracin
antibiotics [H] and a wide variety of synthetic drugs
such as sulfathiazole and acinitrazole [E] used as
antimicrobial agents, antidepressant pramipexole
with antiparkinsonian activity, anti-inflammator
drug meloxicam, antineoplastic agent tiazofurin [f],
ﬁ], antiasthmatic drug cinalukast [§], non-steroidal
immunomodulator fanetizole [g], antiprotozoal
drug nitazoxanide [], antifungal agent abafungin,
respiratory stimulant amiphenazole and anti-ulcer
agent nizatidine [].

In addition to the above-mentioned, our previous
extensive studies in the field of functionalized 2-ami-
nothiazoles showed that derivatives containing thia-
zole frameworks have a promising or even excellent
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antimicrobial activity [], effectively promote
the growth of agricultural crops such as rﬁeseed,

increase their seed yield and oil content [[16], also
strongly inhibit human carbonic anhydrases [].
Such a variety of the properties influence the synthe-
sis of thiazole-based compounds by modifying them
by potential pharmacophoric groups at different po-
sitions with the aim to generate new structures and
test their potential antimicrobial activity.

EXPERIMENTAL

Synthesis

Commercially available solvents and reagents were
used without further purification unless otherwise
mentioned. Reagents and solvents were obtained
from Sigma-Aldrich (St. Louis, MO, USA) and used
without further purification. The reaction course
and purity of the synthesized compounds were mon-
itored by TLC using aluminium plates precoated
with silica gel with F254 nm (Merck KGaA, Darm-
stadt, Germany). Melting points were determined
with a B-540 melting point analyser (Biichi Corpo-
ration, New Castle, DE, USA) and were uncorrected.
NMR spectra were recorded on a Brucker Avance III
(400, 101 MHz) spectrometer. Chemical shifts were
reported in (8) ppm relative to tetramethyl silane
(TMS) with the residual solvent as internal reference
(DMSO-d,, 6 =2.50 ppm for '"Hand § = 39.5 ppm for
BC). Data were reported as follows: chemical shift,
multiplicity, coupling constant (Hz), integration and
assignment. IR spectra (v, cm™) were recorded on
a Perkin-Elmer Spectrum BX FT-IR spectrometer
using KBr pellets. Mass spectra were obtained on
a Bruker maXis UHRTOF mass spectrometer with
ESI ionization. Elemental analyses (C, H, N) were
conducted using the Elemental Analyzer CE-440;
their results were found to be in a good agreement
(£0.3%) with the calculated values.

General procedure for the preparation of
compounds 2a-c

A mixture of the corresponding thioureido acid
la-c (8 mmol), monochloroacetic acid (0.85 g,
9 mmol), sodium carbonate (1.06 g, 10 mmol) or
sodium acetate (0.82 g, 10 mmol) in water (150 mL)
was refluxed for 2-3 h, then cooled down and neu-
tralized with diluted acetic acid to pH 6. The ob-
tained precipitate was filtered off, washed with
water, dried and recrystallized to afford the corre-

sponding thiazolones 2a-c as follows: 2a - resyn-
thesized according to the method described in Ref.
([l m.p.: 198-199°C; 2b - a white solid (1.16 g,
44%, from water), m.p.: 197-198°C (from water);
2c¢ - a white solid (0.74 g, 28%, from water: 1,4-di-
oxane mixture, 1:1), m.p.: 195-196°C.

2-Methyl-3-((4-ox0-4,5-dihydrothiazol-2-yl)
(p-tolyl)amino)propanoic acid (2b)

'HNMR (300 MHz, (CD3)ZSO, 25°C): 6 =12.45 (bs,
1H; OH),7.33 (s, 4H; H_),4.04-4.19 (m, 2H; NCH),
3.91 (s, 2H; SCHZ), 2.55-2.70 (m, 2H; CHCO), 2.36
(s, 3H; CH,), 1.07 (d, ] = 7.0 Hz, 3H; CHCH,) ppm;
“C NMR (75.4 MHz, (CD,),SO, 25°C): § = 186.94,
184.09, 175.05, 139.25, 137.78, 130.31, 127.68,
56.35, 40.53, 37.49, 20.76, 14.72 ppm; IR (KBr):
v = 1716, 1652 (CO), 1517 (C=N) cm™. Elemental
analysis calcd (%) for C H N O,S: C57.52, H 5.52,

160273

N 9.58; found: C 57.65, H 5.49, N 9.78.

3-((4-Oxo0-4,5-dihydrothiazol-2-yl) (p-tolyl)
amino)butanoic acid (2c¢)

'"H NMR (300 MHz, (CD,) SO, 25°C): & = 12.45
(s, 1H; OH), 7.35 (d, J = 8.1 Hz, 2H; H_), 7.26 (d,
J=82Hz, 2H; H_), 5.16 (h, ] = 7.0 Hz, 1H; NCH),
3.84 (s, 2H; SCH,), 2.57 (dd, ] = 16.1, 7.2 Hz, 1H;
CH,C0),2.37 (s,3H; CH,),2.32 (dd, J=16.1,7.4 Hz,
1H; CH,CO), 1.19 (d, ] = 6.8 Hz, 3H; CHCH,) ppm;
1:C NMR (100 MHz, (CD,) SO, 25°C): & = 186.98,
183.58, 171.77, 139.84, 134.39, 130.19, 129.59,
54.45, 39.87, 38.68, 20.79, 18.57 ppm; IR (KBr):
v = 1720, 1662 (CO), 1521 (C=N) cm™. Elemental
analysis calcd (%) for C H N O,S: C57.52, H 5.52,

167273

N 9.58; found: C 57.43, H 5.56, N 9.53.

General procedure for the preparation of
compounds 3-10

A mixture of thiazolone 2a (1.8 mmol), the corre-
sponding benzaldehyde or thiophenecarboxalde-
hyde (1.98 mmol), sodium carbonate (9.45 mmol)
and water (10 mL) was heated at reflux for 3 h, then
cooled down and acidified with 10% acetic acid
to pH 6. The formed solid was filtered of, washed
with water and recrystallized by dissolving it in
5% sodium carbonate (0.5 g/10 mL of water), fil-
tering the solution and acidifying the filtrate with
10% acetic acid to pH 6. The solid was washed
with water and dried to afford compounds 3-11 as
follows: 3 - a light-yellow solid (0.22 g, 34% yield),
m.p.: 184-185°C; 4 - a white solid (0.31 g, 46%
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yield), m.p.: 219-220°C; 5 - a light-yellow solid
(0.26 g, 36% yield), m.p.: 214-215°C; 6 - a light-
brown solid (0.4 g, 50% yield), m.p.: 216-217°C;
7 - a white solid (0.24 g, 35% yield), m.p.: 227-
228°C; 8 - an orange solid (0.25 g, 34% yield), m.p.:
137-138°C; 9 — a brown solid (0.43 g, 58% yield),
m.p.: 237-238°C; 10 - a light-yellow solid (0.28 g,
46% yield), m.p.: 213-214°C.

3-((5-Benzylidene-4-0x0-4,5-dihydrothiazol-2-
yl) (p-tolyl)amino)propanoic acid (3)

'H NMR (400 MHz, (CD,) SO, 25°C): § = 12.45 (s,
1H; OH), 7.64 (s, 1H; C=CH), 7.46-7.35 (m, 9H;
H ),4.26 (t,J=7.3Hz,2H;NCH,),2.62 (t,/=7.3 Hz,
2H; CH,CO), 240 (s, 3H; CH,) ppm; “C NMR
(100 MHz, (CD3)ZSO, 25°C): 6 = 179.51, 176.34,
171.90, 139.75, 137.31, 133.68, 133.06, 131.74,
130.56, 130.39, 130.02, 129.84, 129.44, 129.33,
129.23, 129.17, 127.93, 49.94, 31.84, 20.84 ppm; IR
(KBr): v = 1531, 1706, 1734, 3380 cm™'. Elemental
analysis calcd (%) for C, H N O,S: C 65.55, H 4.95,

187 273

N 7.65; found: C 65.66, H 4.88, N 7.55.

3-((5-(4-Fluorobenzylidene)-4-0x0-4,5-
dihydrothiazol-2-yl)(p-tolyl)Jamino)propanoic
acid (4)

'HNMR (400 MHz, (CD3)ZSO, 25°C): 6 =12.53 (bs,
1H; OH), 7.65 (s, 1H; SC=CH), 7.53-7.48 (m, 2H;
H ),7.44(d,J=82Hz,2H; H_),7.38 (d,]= 8.2 Hz,
2H; H,), 7.31-7.26 (m, 2H; H_ ), 4.25 (t, ] = 7.4 Hz,
2H; NCH,), 2.60 (t, ] = 7.4 Hz, 2H; CH,CO), 2.39
(s, 3H; CH,) ppm; “C NMR (100 MHz, (CD,),SO,
25°C): & = 179.44, 176.16, 172.02, 163.74, 161.26,
139.72, 137.31, 131.82, 131.73, 130.55, 130.35,
130.32, 129.25, 128.94, 128.92, 127.91, 116.45,
116.23,50.07, 31.99, 20.82 ppm; IR (KBr): v = 1521,
1713, 3416 cm™. Elemental analysis calcd (%) for
C,H_FN.O,S: C 62.49, H 4.46, N 7.29; found:
C62.26,H 4.50, N 7.18.

3-((5-(4-Chlorobenzylidene)-4-oxo-4,5-
dihydrothiazol-2-yl)(p-tolyl)amino)propanoic
acid (5)

'"HNMR (400 MHz, (CD,),S0O, 25°C): § = 12.45 (bs,
1H; OH), 7.63 (s, 1H; SC=CH), 7.50 (d, ] = 8.2 Hz,
2H; H. ), 7.47-7.42 (m, 4H; H_),7.38 (d, ] = 8.2 Hz,
2H; H,), 426 (t, ] = 7.3 Hz, 2H; NCH,), 2.61 (t,
J = 7.3 Hz, 2H; CH,CO), 2.40 (s, 3H; CH,) ppm;
13C NMR (100 MHz, (CD,) SO, 25°C): § = 179.38,
176.11, 171.88, 139.78, 137.26, 134.33, 132.60,

131.08, 130.59, 129.89, 129.31, 129.07, 127.92,
50.03, 31.82, 20.84 ppm; IR (KBr): v = 1518,
1715, 3410 cm™. Elemental analysis calcd (%) for
C,H,CINOS: C 59.92, H 427, N 6.99; found:
C59.98,H 4.18, N 6.87.

3-((5-(4-Bromobenzylidene)-4-0x0-4,5-
dihydrothiazol-2-yl)(p-tolyl)amino)propanoic
acid (6)

'"H NMR (400 MHz, (CD),) SO, 25°C): & = 7.64-
7.36 (m, 9H; H_, SC=CH), 4.23 (t, ] = 7.6 Hz, 2H;
NCH,), 2.55 (t, ] = 7.5 Hz, 2H; CH,CO), 2.39 (s,
3H; CH,) ppm; “C NMR (100 MHz, (CD,),SO,
25°C): 6 = 179.38, 175.92, 172.16, 139.69, 137.32,
132.95, 132.20, 131.22, 130.54, 130.04, 129.01,
127.90, 123.12, 50.49, 32.42, 20.82 ppm; IR (KBr):
v =1511, 1717, 3390 cm™". Elemental analysis calcd
(%) for C,H, _BrN,OS: C 53.94, H 3.85, N 6.29;
found: C 53.78, H 3.77, N 6.21.

3-((5-(4-Methylbenzylidene)-4-o0x0-4,5-
dihydrothiazol-2-yl)(p-tolyl)amino)propanoic
acid (7)

'HNMR (400 MHz, (CD,),S0,25°C):8=7.59 (s, 1H;
SC=CH), 7.43-7.22 (m, 8H; H_), 4.21 (t,] = 7.6 Hz,
2H;NCH,), 2.51 (2H; CH,CO, overlaps with the sig-
nal of the DMSO-d,), 2.38 (s, 3H; CH,), 2.28 (s, 3H;
CH,) ppm; “C NMR (100 MHz, (CD,),SO, 25°C):
0 = 179.64, 176.02, 172.34, 139.85, 139.59, 137.46,
130.95, 130.50, 130.27, 129.80, 129.43, 128.14,
127.92, 50.60, 32.80, 21.02, 20.81 ppm; IR (KBr):
v =1511, 1733, 3419 cm™". Elemental analysis calcd
(%) for C, H, N.O,S: C 66.30, H 5.30, N 7.36; found:

200273

C66.23,H5.21, N 7.27.

3-((5-(4-(Dimethylamino)benzylidene)-4-
0x0-4,5-dihydrothiazol-2-yl) (p-tolyl)amino)
propanoic acid (8)

'H NMR (400 MHz, (CD,) SO, 25°C): § = 7.51 (s,
1H; SC=CH), 7.42 (d, ] = 8.1 Hz, 2H; H_), 7.37 (d,
J=81Hz 2H; H ), 7.25 (d, ] = 8.6 Hz, 2H; H ),
6.72 (d, ] = 8.6 Hz, 2H; H ), 422 (t, ] = 7.5 Hz,
2H; NCH,), 2.98, 2.93 (25, 6H; N(CH,),), 2.59 (1,
J = 7.5 Hz, 2H; CH,CO), 2.39 (s, 3H; CH3) ppm;
C NMR (100 MHz, (CD,),SO, 25°C): & = 180.11,
175.88, 172.21, 150.07, 139.48, 137.67, 131.60,
131.45, 131.29, 130.50, 128.03, 122.42, 120.53,
112.04, 49.74, 32.15, 20.83 ppm. Elemental analysis
caled (%) for C_H_.N.O.S: C64.53,H 5.66, N 10.26;

2277237 373

found: C 64.41, H 5.50, N 10.11.
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3-((5-(4-Nitrobenzylidene)-4-o0x0-4,5-
dihydrothiazol-2-yl)(p-tolyl)Jamino)propanoic
acid (9)

'"HNMR (400 MHz, (CD,),50,25°C):6=7.59 (s, 1H;
SC=CH), 7.43-7.22 (m, 8H; H_), 4.24 (t,] = 7.6 Hz,
2H; NCH,), 2.56 (t, ] = 7.5 Hz, 2H; CH,CO), 2.37
(s, 3H; CH,) ppm; “C NMR (100 MHz, (CD,),SO,
25°C): & = 179.91, 175.89, 172.22, 159.41, 139.51,
137.63, 131.47, 130.56, 130.37, 127.87, 124.61,
124.27, 116.17, 115.81, 50.21, 32.51, 20.81 ppm.
IR (KBr): v = 1517, 1721 and 3413 cm™.. Elemen-
tal analysis caled (%) for C, H _N,O.S: C 58.39,

177375

H 4.16, N 10.21; found: C 58.39, H 4.11, N 10.17.

3-((4-Oxo-5-(thiophen-2-ylmethylene)-4,5-
dihydrothiazol-2-yl)(p-tolyl)amino)propanoic
acid (10)

A mixture of thiazolone 2a (0.5 g, 1.8 mmol), thio-
phenecarboxaldehyde (0.22 g, 1.98 mmol), sodium
carbonate (1 g, 9.45 mmol) and water (10 mL) was
heated at reflux for 3 h, then cooled down and
acidified with 10% acetic acid to pH 6. The formed
solid was filtered off, washed with water and recrys-
tallized by dissolving it in 5% sodium carbonate
(0.5 g/10 mL of water), filtering the solution and
acidifying the filtrate with 10% acetic acid to pH 6.
The solid was washed with water and dried to af-
ford compound 10 as a light-yellow solid (0.31 g,
46% yield), m.p.: 213-214°C.

'H NMR (700 MHz, (CD,) SO, 25°C): & = 12.26 (s,
1H; OH), 7.85 (s, 1H; SC=CH), 7.77 (d, ] = 5.0 Hz,
1H; H,), 7.51 (d, ] = 5.0 Hz, 1H; H,), 7.44 (d,
J=81Hz 2H; H ), 7.38 (d, ] = 8.1 Hz, 2H; H_),
7.18(dd, J=5,0,3.7 Hz, 1H; H,), 4.22 (t, ] = 7.5 Hz,
2H; NCH,), 2.56 (t, ] = 7.5 Hz, 2H; CH,CO), 2.40
(s, 3H; CH,) ppm; “"C NMR (176 MHz, (CD,),SO,
25°C): 6 = 179.23, 175.28, 172.12, 139.70, 138.42,
137.43, 133.24, 131.32, 130.50, 128.81, 127.95,
127.39, 123.23, 50.20, 32.35, 20.82 ppm; IR (KBr):
v = 1519, 1705, 3417 cm™. Elemental analysis cal-
cd (%) for C H N O.8: C 58.05, H 4.33, N 7.52;

160273

found: C 58.22, H 4.28, N 7.38.

3,3’-((1,4-Phenylenebis(methaneylylidene))
bis(4-oxo-4,5-dihydrothiazole-2-yl-5-ylidene))
bis(p-tolylazanediyl))dipropanoic acid (11)

A mixture of thiazolone 2a (0.5 g, 1.8 mmol), tereph-
thalaldehyde (0.48 g, 3.6 mmol), sodium carbonate
(1.01 g, 9.5 mmol) and water (10 mL) was heated at
reflux for 3 h, then cooled down and acidified with

10% acetic acid to pH 6. The formed solid was filtered
off, washed with water and recrystallized by dissolv-
ing it in 5% sodium carbonate (0.5 g/10 mL of wa-
ter), filtering the solution and acidifying the filtrate
with 10% acetic acid to pH 6. The solid was washed
with water and dried to afford compound 11 as a yel-
low solid (0.45 g, 38% yield), m.p.: 268-269°C.

'"H NMR (400 MHz, (CD,) SO, 25°C): & = 7.60 (s,
2H; 2SC=CH), 7.51 (s, 4H; H_), 7.44 (d, ] = 8.2 Hz,
4H; H_), 7.38 (d, ] = 8.2 Hz, 4H; H,), 4.25 (1,
J = 7.3 Hz, 4H; 2NCH,), 2.60 (t, /] = 7.3 Hz, 4H;
2CH,CO), 241 (s, 6H; 2CH,) ppm; IR (KBr):
v = 1511, 1716, 3419 cm™. Elemental analysis cal-
cd (%) for C_.H, N OS: C 62.37, H 4.62, N 8.56;

3477300 4 76 2"

found: C 62.27, H 4.54, N 8.49.

3-((5,5-Dibromo-4-ox0-4,5-dihydrothiazol-2-yl)
(p-tolyl)amino)propanoic acid (12)

To a mixture of thiazolone 2a (1 g, 3.59 mmol) and
glacial acetic acid (5 mL), a solution of bromine
(2.01 g, 0.644 mL, 12.59 mmol) in acetic acid (3 mL)
was added dropwise and the mixture was stirred at
60°C for 4 h. Then the mixture was cooled down
and diluted with aqueous sodium acetate solution
(1 g/50 mL of water) with the subsequent addition
of aqueous Na,S O, solution to neutralize unreacted
bromine. The formed solid was filtered off, washed
with water, dried and recrystallized from 1,4-diox-
ane to afford compound 12 as a light-yellow solid
(0.39 g, 25% yield), m.p.: 300°C (decomp.).

'H NMR (400 MHz, (CD,) SO, 25°C): & = 12.44 (s,
1H; OH), 7.49-7.34 (m, 4H; Har), 4.23 (t,J]=7.0 Hz,
2H; NCH,), 2.59 (t, ] = 7.2 Hz, 2H; CH,CO), 2.41
(s, 3H; CH,) ppm; “C NMR (100 MHz, (CD,),SO,
25°C): 6 = 179.79, 179.06, 171.84, 140.12, 136.98,
130.60, 129.09, 127.84, 49.97, 31.78, 20.85 ppm; IR
(KBr): v = 1511, 1683, 1725, 3441 cm™. Elemen-
tal analysis calcd (%) for C ,H Br,N.O,S: C 35.80,

27273

H 2.77, N 6.42; found: C 35.75, H 2.72, N 6.38.

3-(1,3-Thiazol-2-yl(p-tolyl)amino)propanoic
acid (13)

A mixture of thioureido acid 1a (1.5 g, 6.29 mmol),
chloroacetaldehyde 50% aqueous solution (0.56 mL,
8.8 mmol) and dry acetone (15 mL) was refluxed for
3 h. Then acetone was distilled under reduced pres-
sure and the reaction mixture was diluted with water
(40 mL) and sodium acetate (0.82 g, 10 mmol) was
added, and the mixture was stirred for 1 h at room
temperature. The formed precipitate was filtered off



61 ISSN 0235-7216 eISSN 2424-4538

B. Sapijanskaité-Banevic et al. / Chemija. 34, 57-69 (2023)

and washed with water and recrystallized form eth-
anol to afford compound 13 as a very light-yellow
solid (1.29 g, 78% yield), m.p.: 141-142°C.
'H NMR (400 MHz, (CD,) SO, 25°C): § = 12.24
(s, 1H; OH), 7.28 (s, 4H; H ), 7.17 (d, ] = 3.6 Hz,
1H; CH,), 6.68 (d, ] = 3.6 Hz, 1H; CH,), 4.07
(t, ] = 7.3 Hz, 2H; NCH,), 2.59 (t, J = 7.3 Hz,
2H; CH,CO), 2.33 (s, 3H; CH,) ppm; “C NMR
(100 MHz, (CD,) SO, 25°C): § = 172.50, 169.95,
142.31, 139.13, 136.82, 130.52, 129.50, 126.74,
107.94, 48.44, 32.30, 20.60 ppm; IR (KBr): v=1518,
1683,1718, 3431 cm™'. Elemental analysis calcd (%)
for C_H, N,O,S: C 59.52, H 5.38, N 10.68; found:
C59.44, H 5.29, N 10.57.

14, 16 and 17 were resynthesized according to
the methods described in [[19].

3-((4-(3,4-Dichlorophenyl)thiazol-2-yl) (p-tolyl)
amino)propanoic acid (15)

A mixture of thioureido acid 1a (1.19 g, 5 mmol),
2-bromo-3,4-dichloroacetophenone (2.21 g,
6 mmol) and sodium acetate (0.57 g, 7 mmol) was
refluxed in propan-2-ol (10 mL) for 4 h. After com-
pletion of the reaction the reaction mixture was di-
luted with water (40 mL), and the formed precipitate
was purified by dissolving it in 15% aqueous sodium
carbonate, filtering and acidifying the filtrate with
acetic acid to pH 6 to afford compound 15 as a light-
greyish solid (1.47 g, 72% yield), m.p.: 161-162°C.
'H NMR (400 MHz, (CD,),SO, 25°C): 6 = 12.28 (s,
1H; OH), 8.08 (d, J = 2.0 Hz, 1H; H_), 7.86, 7.84
(2d, ] = 2.1 Hz, 1H; H), 7.66, 7.64 (25, 1H; H.),
7.34-7.28 (m, 5H; H_, S-CH), 4.17 (t, ] = 7.2 Hz,
2H; NCH,), 2.65 (t, ] = 7.2 Hz, 2H; CH,CO), 2.35
(s, 3H; CH,) ppm; “C NMR (100 MHz, (CD,),SO,
25°C): 6 = 172.50, 169.41, 147.71, 141.70, 137.22,
135.18, 131.32, 130.73, 130.59, 129.61, 127.12,
126.93, 125.66, 104.78, 48.47, 32.31, 20.62 ppm. IR
(KBr): v=1517, 1721, 3413 cm™'. Elemental analy-
sis caled (%) for C H, CLN,O,S: C 56.03, H 3.96,

27272

N 6.88; found: C 56.22, H 4.02, N 6.75.

3-((4-(Naphthalen-2-yl)thiazol-2-yl) (p-tolyl)
amino)propanoic acid (18)

A mixture of thioureido acid 1a (0.16 g, 0.68 mmol)
and 2-bromo-2-acetonaphthone (0.2 g, 0.81 mmol)
was refluxed for 4 h in dry acetone (10 mL). Then
a solution of sodium acetate (0.13 g, 1.6 mmol)
in water (10 mL) was added and the mixture was
stirred for 1 h. The formed precipitate was filtered

oft, washed with water and recrystallized from
methanol to afford compound 18 as a light grey
solid (0.16 g, 60% yield), m.p.: 176-177°C.

'H NMR (400 MHz, (CD,) SO, 25°C): & = 12.30 (s,
1H; OH), 8.41 (s, 1H; H_ ), 8.02, 8.00 (2d, / = 1.7 Hz,
1H; H_), 7.96-7.87 (m, 3H; H_), 7.54-7.45 (m, 2H;
H ), 7.38-7.28 (m, 4H; H ), 7.27 (s, 1H; SCH),
4.25 (t, ] = 7.2 Hz, 2H; NCH,), 2.71 (t, ] = 7.2 Hz,
2H; CH,CO), 236 (s, 3H; CH,) ppm; *C NMR
(100 MHz, (CD,) SO, 25°C): & = 172.60, 169.31,
150.31, 141.89, 137.09, 133.12, 132.43, 132.13,
130.57, 128.07, 127.97, 127.53, 126.97, 126.34,
125.87, 124.07, 103.44, 48.41, 32.43, 20.64 ppm. El-
emental analysis caled (%) for C_ H N O S: C71.11,
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H 5.19, N 7.21; found: C 71.17, H 5.10, N 7.28.

3-((4-(2-Oxo0-2H-chromen-3-yl)thiazol-2-yl)
(p-tolyl)amino)propanoic acid (19)

A mixture of thioureido acid 1a (0.13 g, 0.55 mmol)
and 3-(bromoacetyl)-2-acetonaphthone (0.18 g,
0.66 mmol) was refluxed for 4 h in dry acetone
(10 mL). Afterwards, the reaction mixture was
cooled down and diluted with water (25 mL). Then
sodium acetate (0.13 g, 1.5 mmol) was added and
the mixture was stirred for 20 min. The formed
precipitate was filtered oft and washed with water
and diethyl ether, dried and recrystallized from
methanol to afford compound 19 as a white solid
(0.118 g, 54% yield), m.p.: 115-116°C.

'H NMR (400 MHz, (CD,) SO, 25°C): & = 12.28 (s,
1H; OH), 8.64 (d, ] = 3.4 Hz, 1H; H_ ), 7.90-7.84 (m,
1H; H_), 7.64-7.59 (m, 1H; H_), 7.57 (s, 1H; H_),
7.43 (d, ] = 8.3 Hz, 1H; H_), 7.41-7.25 (m, 5H; H_
$-CH), 4.32-4.14 (m, 2H; NCH.), 2.76 (t, ] = 7.1 Hz,
1H; CH,CO), 2.67 (t, ] = 7.1 Hz, 1H; CH,CO), 2.35
(s, 3H; CH,) ppm; °C NMR (100 MHz, (CD,) SO,
25°C): & = 172.65, 171.60, 168.66, 168.57, 158.74,
158.72, 152.28, 143.80, 143.79, 141.71, 141.65,
138.43,137.42,137.36,131.59,131.57,130.65, 128.80,
128.74,127.09,127.05,124.69,120.40,119.26,115.86,
115.84, 109.71, 109.64, 48.31, 48.22, 32.39, 32.26,
20.66 ppm. IR (KBr): v = 1517, 1721, 3413 cm™. El-
emental analysis calcd (%) for C,,H N.O,S: C 65.01,
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H 4.46, N 6.89; found: C 65.10, H 4.48, N 6.82.

3-((4,9-Dioxo0-4,9-dihydronaphtho[2,3-d]
thiazol-2-yl) (p-tolyl)amino)propanoic acid (20)
A mixture of thioureido acid 1a (2 g, 8.3 mmol),
2,3-dichloronaphthalene-1,4-dione (2.28 g,
12.6 mmol) and sodium acetate (1.2 g, 14.6 mmol)
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in dry acetone (30 mL) was refluxed for 4 h. Then
the solvent was evaporated at the reduced pres-
sure, the obtained precipitate was dissolved in
aqueous 5% potassium hydroxide (100 mL), fil-
tered off, and the filtrate was neutralized with gla-
cial acetic acid. The obtained solid was recrystal-
lized from propan-2-ol to afford compound 20 as
a brown solid (1 g, 30% yield), m.p.: 163-164°C.
'H NMR (400 MHz, (CD,) SO, 25°C): § = 12.39 (s,
1H; OH), 8.08-7.89 (m, 3H; H_), 7.77 (t, ] = 7.6 Hz,
1H; H_),7.58 (t, ] = 7.6 Hz, 1H; H_), 7.46-7.37 (m,
3H; H ), 4.34 (t, ] = 7.2 Hz, 2H; NCH,), 2.69 (t,
J = 7.2 Hz, 2H; CH,CO), 2.40 (s, 3H; CH,) ppm;
“C NMR (100 MHz, (CD,),SO, 25°C): 6 = 180.01,
175.89, 175.62, 172.13, 169.99, 160.28, 142.40,
140.12, 139.08, 135.13, 134.63, 131.87, 130.99,
130.80, 128.84, 127.05, 126.84, 125.85, 120.71,
49.13, 32.16, 20.78 ppm; IR (KBr): v =1534, 1685,
1721, 3410 cm™. Elemental analysis calcd (%)
for C,H N,O,S: C 64.27, H 4.11, N 7.14; found:
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C64.22, H 4.18, N 7.38.

General procedure for the preparation of
thiazoles 21a-c and 22a-c

A mixture of the corresponding thioureido acid 1a-c
(1.20 g, 5 mmol), chloroacetone or 2-bromoaceto-
phenone (6 mmol) and dry acetone (15 mL) was re-
fluxed for 4 h. Then the reaction mixture was diluted
with water (30 mL), and sodium acetate (0.82 g,
10 mmol) was added, and the mixture was stirred for
10 min at room temperature. The formed precipitate
was filtered off, washed with water and recrystallized
from the appropriate solvent to afford compounds
21 and 22 as follows: 21b - a grey solid (0.61 g, 44%),
m.p.: 105-106°C; 21c - a yellowish solid (0.63 g,
46%), m.p.: 137-138°C; 22b - a yellow solid (0.91g,
54%), m.p.: 140-141°C; 22¢ - a greenish solid (1 g,
60%), m.p.: 134-135°C.

3-((4-Methylthiazol-2-yl)(p-tolyl)amino)propa-
noic acid (21a) was resynthesized according to

Ref. [pd].

2-Methyl-3-((4-methylthiazol-2-yl) (p-tolyl)
amino)propanoic acid (21b)

'"H NMR (400 MHz, (CDCl,, 25°C): § = 12.72 (s,
1H; OH), 7.29 (d, J = 8.4 Hz, 2H; H ), 7.34 (d,
] = 8.4 Hz, 2H; H_), 6.10 (s, 1H; S-CH), 4.50 (dd,
J = 14.6, 5.5 Hz, 1H; NCH,), 3.74 (dd, ] = 14.5,
4.4 Hz, 1H; NCHZ), 3.15-3.02 (m, 1H; CH), 2.47

(s, 3H; CH,), 2.37 (s, 3H; CH,), 1.33 (d, = 7.1 H,
3H; CH,) ppm; “C NMR (100 MHz, CDCI,
25°C): 6 = 176.93, 171.12, 146.97, 142.71, 138.57,
131.11, 126.67, 102.20, 57.78, 40.81, 21.27, 16.55,
16.27 ppm. IR (KBr): v = 1506, 1715, 3459 cm™.
Elemental analysis caled (%) for C .H N,O.S:

C 62.04, H 6.25, N 9.65; found: C 62.10, H 6.28,
N 9.68.

3-((4-Methylthiazol-2-yl)(p-tolyl)amino)
butanoic acid (21c¢)

'H NMR (400 MHz, (CD),) SO, 25°C): § = 12.29
(s, 1H; OH), 7.30 (d, ] = 8.3 Hz, 2H; H_), 7.18 (d,
] = 8.3 Hz, 2H; H_), 6.16 (s, 1H; S-CH), 4.98 (h,
J = 6.8 Hz, 1H; NCH), 2.63 (dd, ] = 15.6, 6.7 Hz,
1H; CH,CO), 2.35 (s, 3H; CH,), 2.32-2.23 (m, 1H;
CH,CO), 2.14 (s, 3H; CH,), 1.18 (d, ] = 6.7 Hz,
3H; CH,) ppm; “C NMR (100 MHz, (CD,) SO,
25°C): 6 = 172.35, 169.94, 148.22, 138.77, 138.08,
130.57, 130.10, 101.62, 52.09, 39.39, 20.73, 18.49,
17.56 ppm. IR (KBr): v = 1505, 1715, 3460 cm™.
Elemental analysis calcd (%) for C _H N O.S:
C 62.04, H 6.25, N 9.65; found: C 61.98, H 6.21,
N 9.69.

3-((4-Phenylthiazol-2-yl) (p-tolyl)Jamino)propa-
noic acid (22a) was resynthesized according to Ref.
_d). m.p.: 156-157°C.

2-Methyl-3-((4-phenylthiazol-2-yl) (p-tolyl)
amino)propanoic acid (22b)

'H NMR (400 MHz, (CD,) SO, 25°C): & = 12.29 (s,
1H; OH), 7.86 (d, ] = 7.6 Hz, 2H; Har), 7.42-7.26
(m, 7H; H_), 7.11 (s, 1H; S-CH), 4.17 (dd, J = 13.7,
7.2 Hz, 1H; NCHZ), 4.07 (dd, J = 13.7, 7.2 Hz, 1H;
NCHz), 2.88 (h, J = 7.1 Hz, 1H; CH), 2.35 (s, 3H;
CH,), 1.14 (d, ] = 7.0 Hz, 3H; CH,) ppm; “C NMR
(100 MHz, (400 MHz, (CD3)ZSO, 25°C): 6 =175.85,
169.83, 150.28, 142.22, 137.00, 134.68, 130.59,
128.55,127.51, 126.89, 125.64, 102.53, 55.15, 38.04,
20.69, 14.98 ppm. IR (KBr): v = 1511, 1714 cm™.
Elemental analysis caled (%) for C,H,N,O.S:
C 68.16, H 5.72, N 7.95; found: C 68.21, H 5.75,
N 8.05.

3-((4-Phenylthiazol-2-yl) (p-tolyl)amino)
butanoic acid (22¢)

'H NMR (400 MHz, (CD,),SO, 25°C): & = 12.28 (s,
1H; OH), 7.86 (d, ] = 7.5 Hz, 2H; H_ ), 7.45-7.22
(m, 7H; H_), 7.06 (s, 1H; S-CH), 5.07 (h, ] = 7.0 Hz,
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1H; NCH), 2.78 (dd, J = 15.6, 6.8 Hz, 1H; CHZCO),
2.42 (dd, J=15.6, 6.8 Hz, 1H; CHZCO), 2.37 (s, 3H;
CH,), 1.28 (d, ] = 6.7 Hz, 3H; CH,) ppm; *C NMR
(100 MHz, (CD,),SO, 25°C): & = 172.45, 169.78,
150.29, 146.06, 139.13, 138.24, 134.84, 130.69,
129.84, 128.53,127.44, 125.64, 102.33, 52.86, 39.31,
20.77, 18.46 ppm. IR (KBr): v = 1513, 1712 cm™.
Elemental analysis caled (%) for C, H, N O.S:
C 68.16, H 5.72, N 7.95; found: C 68.22, H 5.77,
N 8.05.

3-((5-Acetyl-4-methylthiazol-2-yl) (p-tolyl)
amino)propanoic acid (23)

A mixture of thioureido acid 1a (1.5 g, 0.0062 mol),
3-chloropentane-2,4-dione and acetone (20 mL)
was refluxed for 4 h. Then the reaction mixture
was diluted with water, and sodium acetate (1.46 g,
0.0178 mol) was added. And the mixture was
stirred 15 min at room temperature. The formed
precipitate was filtered off, washed with water and
diethyl ether and recrystallized from methanol to
give compound 23 as a white solid (1.50 g, 76%
yield), m.p.: 175-176°C.

'"H NMR (400 MHz, (CD,),SO, 25°C): & = 12.31 (s,
1H; OH), 7.32 (s, 4H; H_), 4.12 (t, ] = 7.3 Hz, 2H;
NCH,), 2.57 (t, ] = 7.3 Hz, 2H; CH,CO), 2.49 (s,
3H; CH,), 2.35 (s, 3H; CH,), 2.29 (s, 3H; CH,) ppm;
3C NMR (100 MHz, (CD,) SO, 25°C): § = 188.54,
172.21, 170.51, 157.35, 140.71, 138.13, 130.77,
127.02, 122.29, 47.95, 32.20, 29.52, 20.66, 18.47. IR
(KBr): v = 3423, 1731, 1679, 1569 cm™'. Elemen-
tal analysis caled (%) for C H N, O.S: C 60.36,
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H 5.70, N 8.80; found: C 60.30, H 5.65, N 8.74.

General procedure for the preparation of
compounds 24-26

After stirring a solution of compound 23 (0.5 g,
1.6 mmol) in 30% aqueous NaOH solution (16 mL)
at 80°C temperature, the corresponding aromatic al-
dehyde (1.92 mmol) was added and stirred at 80°C
temperature 2 h. Then the reaction mixture was
cooled down, the precipitate was filtered off, washed
with saturated aqueous sodium chloride solution and
purified by dissolving it in 10 mL water, filtering and
acidifying the filtrate with glacial acetic acid to pH 5.
The obtained compounds 24-26 were recrystallized
from propan-2-ol to afford yellow solids as follows:
24 - (04 g, 61%), m.p.: 135-136°C; 25 - (0.38 g,
56%), m.p.: 141-142°C; 26 - (0.34 g, 49%), m.p.:
133-134°C.

3-((5-Cinnamoyl-4-methylthiazol-2-yl) (p-tolyl)
amino)propanoic acid (24)

'H NMR (400 MHz, (CD,) SO, 25°C): § = 12.35
(br. s, 1H; OH), 7.74-7.70 (m, 2H; H_), 7.53 (d,
1H, J = 15.4 Hz; COCH=CH), 7.41-7.29 (m, 7H;
H_), 7.20 (d, 1H, J = 15.4 Hz; COCH=CH), 4.16
(t, 4H, J = 7.4 Hz; NH), 2.61 (s, 3H; NCCH,),
2.58 (t, 2H, ] = 7.4 Hz; CH,CO), 2.37 (s, 3H; CH,).
BCNMR (101 MHz, (CD3)2SO, 25°C): 6 = 180.28,
172.28, 170.83, 158.77, 141.61, 140.66, 138.24,
134.48, 130.87, 130.30, 128.90, 128.48, 127.07,
124.63, 122.19, 48.18, 32.23, 20.74, 19.04. IR
(KBr): v =1725, 1622, 1520 cm™!. HRMS (ESI) for
C_H,_N,O,S, [M+H]": 407.1351, found: 407.1437
[M+H]*.

3-((5-(3-(4-Fluorophenyl)acryloyl)-4-
methylthiazol-2-yl) (p-tolyl)amino)propanoic
acid (25)

'H NMR (400 MHz, (CD,) SO, 25°C): & = 12.35 (br.
s, 1H; OH), 7.80 (dd, 2H, J = 8.6; 5,5 Hz; Har), 7.53
(d, 1H, J = 15.4 Hz; COCH=CH), 7.35 (s, 4H; Har),
7,22 (t,2H,] = 8,7 Hz; H_), 7.16 (d, 1H, ] = 15.5 Hz;
COCH=CH), 4.15 (t, 4H, ] = 7.4 Hz; NH,), 2.60 (s,
3H; NCCH,), 2.57 (t, 2H, ] = 7.4 Hz; CH,CO), 2.37
(s, 3H; CH,). "CNMR (101 MHz, (CD,) SO, 25°C):
0 = 180.20, 172.32, 170.84, 164.42, 161.95, 158.83,
140.67, 140.41, 138.24, 131.14, 130.87, 130.81,
127.07, 124.55,122.10, 115.97, 115.76, 48.22, 32.28,
20.74,19.03.1R (KBr): v = 1719, 1629, 1517 cm™.
HRMS (ESI) for C,H, FN.O,S, [M+H]*: 425.1257,
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found: 425.1337 [M+H]".

3-((5-(3-(4-Chlorophenyl)acryloyl)-4-
methylthiazol-2-yl) (p-tolyl)amino)propanoic
acid (26)

'HNMR (400 MHz, (CD,),SO, 25°C): 6 = 12.47 (br.
s, IH; OH),7.75 (d, 2H, J = 8.4 Hz; H_), 7.51 (d, 1H,
J = 15.5 Hz; COCH=CH), 7.44 (d, 2H, J = 8.1 Hz;
H ), 7.35 (s, 4H; H ), 7,21 (d, 1H, J = 15.4 Hz
COCH=CH), 4.15 (t, 4H, ] = 7.4 Hz; NH,), 2.60 (s,
3H; NCCH,), 2.57 (t, 2H, ] = 7.4 Hz; CH,CO), 2.37
(s, 3H; CH,). ®C NMR (101 MHz, (CD,) SO, 25°C):
6 = 180.07, 172.38, 170.91, 159.02, 140.64, 140.14,
138.23, 134.72, 133.45, 130.86, 130.22, 128,88,
127.06, 125.38, 122.06, 48.27, 32.34, 20.73,19.05.
IR (KBr): v = 1728, 1630, 1519 cm™'. HRMS (ESI)
for C,H,CINOSS, [M+H]" 441.0961; found:
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441.1035 [M+H]".
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3-((4-Methyl-5-(1-(2-phenylhydrazineylidene)
ethyl)thiazol-2-yl) (p-tolyl)amino) propanoic
acid (27)

A mixture of compound 23 (0.5 g, 1.4 mmol), phe-
nylhydrazine (0.46 g, 4.2 mmol) and 6 drops of gla-
cial acetic acid in methanol (30 mL) was refluxed for
5 h. Then the reaction mixture was cooled down to
room temperature and diluted with water (30 mL).
The precipitate was filtered off, washed with water,
dried and purified by dissolving it in 5% aqueous
sodium carbonate solution (2.5 g Na,CO,, 47.5 mL
H,0), filtering the solution and acidifying the fil-
trate with glacial acetic acid to pH 6. The obtained
precipitate was filtered off, washed with water and
dried to provide a light-yellow solid (0.54 g, 90%),
m.p.: 210-211°C.

'"H NMR (400 MHz, (CD,) SO, 25°C): § = 12.27 (s,
1H; OH), 9.02 (s, 1H; NH), 7.30 (s, 4H; H_), 7.14
(t,J=7.7Hz, 2H; H ), 6.99 (d, ] = 8.0 Hz, 2H; H),
6.67 (t, ] = 7.3 Hz, 1H; H_), 4.06 (t, ] = 7.3 Hz, 2H;
NCH,), 2.58 (t, ] = 7.3 Hz, 2H; CH,CO), 2.39 (s,
3H; CH,), 2.35 (s, 3H; CH,), 2.17 (s, 3H; CH,) ppm.
13C NMR (101 MHz, (CD,) SO, 25°C): § = 172.54,
165.80, 145.91, 144.74, 141.71, 137.81, 137.06,
130.55, 128.81, 126.93, 121.67, 118.44, 112.40,
47.84, 32.33, 20.69, 18.16, 15.69 ppm. IR (KBr):
v = 1512, 1712, 3422 cm™'. Elemental analysis cal-
cd (%) for C_H N.OS: C 64.68, H 5.92, N 13.71;
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found: C 64.65, H 5.90, N 13.66.

Bacteria strains and culturing conditions.

The inhibitory activity evaluation of compounds
The antibacterial properties of the obtained com-
pounds were evaluated against gram-positive
strains of Bacillus coagulans, Bacillus subtilis and
Bacillus megaterium and the gram-negative one Es-
cherichia coli by the twofold serial dilution method
[@]. A broad-spectrum antibiotic Ampicillin was
used as a positive control. The in vitro antibacterial
activity (MIC) of the antibiotic was 62.5 ug/mL for
all strains.

RESULTS AND DISCUSSION

Synthesis

The synthesis was started from the preparation of
thioureido acids la-c according to the literature
[@]. The obtained compounds were then applied
for the formation of various Hantsch-thiazoles.
Thiazolone 2a was resynthesized [], and 2b,

¢ were synthesized (Scheme E]) from the cor-
responding thioureido acid 1 and monochlo-
roacetic acid. The reactions were carried out in
water at reflux for 3 h and using a slight excess
(1.2-fold) of sodium carbonate to avoid the for-
mation of hydrogen halide. The structures of
the formed compounds 2a-c were established
based on their NMR and IR spectroscopic and
elemental analyses data. The characteristic peaks
(*H, at approx. 3.90 (*H) and 40.0 (**C) ppm for
SCH,, and the resonance at approx. 187.0 ppm
for N-C=0) in their NMR spectra approve
the formed thiazolone cycle. In the next step, sev-
eral chemical transformations were made with
2a by using the reactivity of the methylene frag-
ment of the thiazolone ring. The condensation
of compound 2a with the appropriate aromatic
aldehydes gave Z-configurated arylidene deriva-
tives 3-10. All reactions were performed in wa-
ter at reflux in the presence of sodium carbonate
and bifunctional catalyst glycine in the reaction
mixture []. The 'H NMR spectra of the ob-
tained compounds revealed the disappearance
of the singlet of SCH, proton and the presence
of the addition spectral line of C=CH proton in
the range of 7.51-7.85 ppm. The spectral lines
of the carbon of the =CH group resonated in
the aromatic area as additional resonances along
with the resonances of newly attached phe-
nyl fragment. The resonances of the carbons of
C=N and C=0 groups appeared to be charac-
teristically shifted up-field and resonated at ap-
prox. 176.0 ppm (C=N) and 179.50 ppm (C=0)
in comparison with 183.25 and 187.01 ppm for
the same carbons of compound 2a.

The terephthalaldehyde used instead of mono
aldehydes was suitable to form bis thiazole deriva-
tive. Refluxing of compound 2a with dialdehyde
(2:1 equivalents) at the same reaction conditions
as those of 3-10 led bis derivative 11, the structure
of which was confirmed by a detailed analysis of
the 'H NMR spectrum.

The bromination reaction of the thiazolone cy-
cle of 2a led to the generation of 5,5-dibromo ana-
logue 12. The reaction was accomplished using ex-
cess bromine (3.5 eq.) and stirring in acetic acid at
60°C for 4 h. The recorded spectra were in an excel-
lent agreement with the target structure.

To obtain a series of thiazoles, thioureido
acid 1a was reacted with aromatic a-haloketones
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Scheme 1. Synthesis of thiazole derivatives 2-22.

Tand2:aR' =R =H;bR' = Me, R* = H; cR' = H,R* = Me; 3R’ = Ph; 4 R® = 4-F-Ph; 5 R® = 4-(I-Ph; 6 R’ = 4-Br-Ph; 7 R* = 4-(H,-Ph;
8 R = 4-Me N-Ph; 9 R® = 4-0 N-Ph; 10 R* = thien-2-yl; 13 R = H; 14 Ar = 4-F-Ph; 15 Ar = 3,4-diCl-Ph; 16 Ar = 4-O,N-Ph; 17 Ar = 4-NC-Ph;
18 Ar = Naphthalen-2-yl; 19 Ar = 2-Chromenon-3-yl; 21a-cR* = Me: a R' = R? = H; b R" = Me, R? = H; cR' = H, R = Me; 22a-c R* = Ph:
aR'=R:=H;bR"=Me,R2=H; cR"=H,R? = Me.

Reagents and conditions: @ monochloroacetic acid, NaZCO3 or AcONa, water, A, 2-3 h, AcOH to pH 6-7; b and ¢ corresponding aldehyde (for 3—10)
or terephthalaldehyde (for 11), Na,C0,, water, 4, 3 h, 10% AcOH to pH 6; d AcOH, Br +AcOH, stirring, 60°C, 4 h, aq. AcONa, Na,5.0, to pH 7; e aq. 50%
chloroacetaldehyde (13) or the corresponding ketone (18, 19), dry acetone, 4,3 h(13) or4 h (18, 19), ag. AcONa, stirring, r.t., 1 h; e (for 14,
16 and 17) as described in Ref. [19]; e (for 15) 2-bromo-3,4-dichloroacetophenone, AcONa, 2-PrOH, A, 3 h, water; £2,3-dichloronaphthalene-1,4-
dione, AcONa, dry acetone, 4, 4 h, aq. 5% KOH, AcOH to pH 6—7; g chloroacetone or 2-bromoacetophenone, dry acetone, 4, 4 h, water, AcONa, stirring,

rt. 10 min.

(compounds 14-19), while the reaction with 50%
aqueous chloroacetaldehyde solution gave 2-sub-
stituted thiazole 13. The prepared thiazoles 13-19
were identified by their NMR, IR spectral and mi-
croanalysis data. The 'H and *C NMR spectra of
13 showed two doublets at 6.68 and 7.17 ppm with
J = 3.6 Hz ("H) as well as 107.94 and 139.13 ppm
("*C) for SCH and NCH, respectively. Compounds
14, 16 and 17 were resynthesized [] and their
spectra were in a good accordance with those of
the reference. The structure of 15 was confirmed
by the results of spectral and elemental analyses.
The NMR spectra of the prepared compounds
18 and 19 exhibited an intense splitting of peaks in
the aromatic field of the spectra which was caused
by the attachment of the naphthalene and 2-ox-
ochromene moieties. The resonances of protons
of the SCH groups of 18 and 19 in the 'H NMR
spectra are shifted down-field and appears at 8.41
and 8.64 ppm, respectively. A distinct one pot pro-

tocol toward the synthesis of fused tricyclic com-
pound has been performed applying compound 1a
and 2,3-dichloronaphthalene-1,4-dione as initial
compounds. Heating a mixture in dry acetone at
reflux in the presence of excess sodium acetate af-
forded 3-((4,9-dioxo-4,9-dihydronaphtho[2,3-d]
thiazol-2-yl)(p-tolyl)amino)propanoic acid (20).
The presence of a fused structure is evident from
the NMR spectra of the compound. As for instance,
the ?C NMR spectrum of the isolated product 20
showed characteristic resonances at 172.13, 175.62,
175.89 and 180.01 ppm for three carbonyl groups
of a new molecule.

To evaluate the impact of methyl groups at the a-
and B-position of the B-alanine fragment on the bio-
logical efficacy of the thiazole derivatives 21a-c and
22a-c were synthesized from the initial compounds
la-c with the methyl (compounds 21a-c) or phenyl
(derivatives 22a-c) fragment at the 4th position of
the thiazole cycle. The appropriate thioureido acid 1
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upon the reaction with chloroacetone or 2-bro-
moacetophenone in refluxing acetone provided hy-
drochloride salts which then were transferred into
the base form with sodium acetate. The next step
of the study was the Hantsch procedure to deliver
5-acetyl-4-methylthiazole 23 (Scheme ) suitable
for the further transformation to chalcone-type
compounds. Condensation of acid 1a with 3-chlo-
ropentane-2,4-dione and the subsequent Claisen-
Schmidt cross-aldol condensation followed by
the dehydration reaction resulted in compounds
24-26 containing a phenylacryloyl core in excel-
lent yields (92-98%). The C_ = CL’» double bond in
the chalcone enon moiety determines the possibil-
ity of Z or E isomers. The "H NMR spectra revealed
two doublets of the protons of the newly attached
CO-CH=CH-Ph fragment (7.20 and 7.53 ppm
for 24, 7.16 and 7.53 ppm for 25 as well as 7.21
and 7.51 ppm for 26), with the coupling constant
J> 15 Hz indicating the E configuration of the com-
pounds [@].
3-((4-methyl-5-(1-(2-phenylhydrazineylidene)
ethyl)thiazol-2-yl)(p-tolyl)amino)propanoic  acid
(27) was prepared via condensation of 5-acetyl-
4-methylthiazole 23 with phenylhydrazine in
methanol in the presence of a catalytic amount of
glacial acetic acid. The NMR, IR and microanalysis
of the compounds confirmed the expected struc-
ture. The found values of the elemental analysis
were in an excellent agreement with the calculated

ones, and the '"H NMR spectrum displayed charac-
teristic singlets at 2.17 and 9.02 ppm for CH,C=N
and NNH, respectively. The phenyl protons of
the C(CH,)=NNHPh fragment arise in the aromat-
ic field as triplet (6.67 ppm, ] = 7.3 Hz) integrated
for one proton, and doublet (6.99 ppm, J = 8.0 Hz)
and triplet (7.14 ppm, ] = 7.7 Hz) each of which is
integrated for two protons. The *C NMR spectrum
revealed a resonance line at 15.69 ppm for CCH,
and an increase in seven additional spectral lines
attributable to the carbons of the C=NNHPh moi-
ety in the aromatic field of the spectrum.

Biology

Minimum inhibition concentration (MIC) tests
are widely applied for the evaluation of the low-
est concentration of a compound at which it in-
hibits the growth of the bacteria. Generally, MIC
antibacterial assays are performed by a two-fold
microdilution procedure in which serial dilutions
of a compound are made to produce different con-
centrations [@]. This allows the inhibition to be
evaluated as a function of different concentrations
of the test compound and to estimate antibacterial
inhibition potential of the compound.

The synthesized thiazole derivatives were inves-
tigated for the antibacterial activity against three
gram-positive Bacillus species such as B. subtilis,
B. coagulans and B. megaterium and gram-nega-
tive bacteria E. coli. The data of the initial research

Scheme 2. Synthesis and transformation of 5-acetyl-4-methyltiazole derivative 23.

24R=H;25R=F26R=Cl

Reagents and conditions: a 3-chloropentane-2,4-dione, acetone 4, 4 h, ag. AcONa, stirring, r.t. 15 min; b aq. 30% NaOH, 80°C,

corresponding aromatic aldehyde, 2 h, saturated aq. NaCl; ¢ phenylhydrazine, AcOH, MeOH, A, 5 h, water.



67 ISSN 0235-7216 eISSN 2424-4538

B. Sapijanskaité-Banevic et al. / Chemija. 34, 57-69 (2023)

provided very promising information about the in-
hibitory properties of the synthesized compounds
(Table).

The most sensitive strain appeared to be Bacil-
lus coagulans, the growth of which was inhibited
by the 15.63 ug/mL concentration of compounds
13 and 18 with an unsubstituted and 4-naphthyl-
substituted thiazole ring, while the positive impact
of ampicillin to that strain was determined to be
62.5 pg/mL. The incorporation of a 4-fluorophe-
nyl substituent in the thiazole ring slightly reduced
the MIC of the compound, but still remained 2-fold
higher than that of the control. Other four 4-substi-

tuted thiazoles, namely compounds 15-17 and 19,
demonstrated activity equivalent to the control am-
picillin. Obviously, the introduction of substituent
containing electron-withdrawing groups (dichloro,
nitro and ciano for 15, 16 and 17, respectively)
at the 4th position of the thiazole ring decreases
the inhibitory properties of the compounds, but
still, they remain highly potent with the MIC iden-
tical to ampicillin. The same properties were shown
by compound 19, having a 2-chromenon-3-yl moi-
ety in the molecule.

It is noteworthy that the introduction of
4-phenyl substitution in the thiazole bearing

Table. Antibacterial activity of the synthesized compounds (MIC, pg/mL)

Gram-positive bacteria

Gram-negative bacteria

Compound

B. coagulans B. subtilis B. megaterium E. coli

2a 125 125 62.5 250
2b 125 250 250 250
2 250 250 250 250
3 250 250 250 125
4 125 125 125 250
5 250 250 250 125
8 250 125 250 250
9 250 62.5 125 125
10 125 250 250 250
n 125 125 250 250
12 250 250 250 250
13 15.63 125 125 250
14 31.25 250 125 250
15 62.5 250 125 250
16 62.5 250 125 250
17 62.5 250 62.5 250
18 15.63 250 125 250
19 62.5 250 125 125
20 125 250 125 250
21a 250 250 250 250
21b 250 250 250 125
22a 250 250 250 125
22b 250 125 250 125
22¢ 62.5 125 250 250
23 250 250 125 250
24 31.25 250 250 250
25 250 250 250 250
26 125 250 250 250

Ampicillin

62.5
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B-methylsubstituted B-alanine scaffold highly in-
creased the antibacterial properties (MIC, 62.5 pg/
mL) against B. coagulans in comparison with other
compounds from the same set.

The biological properties of chalcones, including
antibacterial potency, have been widely discussed
in the literature [@]. In this study, the antibacterial
test revealed chalcone with a 5-cinnamoyl fragment
to be 2-fold more active (MIC, 31.25 pg/mL) than
the conventional antibiotic, like ampicillin.

It should be noted that several compounds (2a,
9 and 17) selectively inhibited some other gram-
positive strains, namely B. megaterium (2a, 17) and
B. subtilis (9) with effects equivalent to the control
antibiotic. The most resistant strain was found to
be the gram-negative Escherichia coli the growth of
which was inhibited by the compounds at MIC of
125 or 250 pg/mL.

CONCLUSIONS

In summary, we have synthesized a new library of
thiazole derivatives by incorporating various sub-
stitutions in the 4th and 5th positions of the thia-
zole heterocycle as well and by including the un-
changed amino acid fragment and its a-methyl and
B-methyl analogues. The Hantsch method was ap-
plied for the preparation of thiazoles. The 5th po-
sition substituents were included by the condensa-
tion of the thiazolone with the appropriate aldehyde.
The fused system derivative was obtained from thi-
oureido acid by its reaction with 2,3-dichloronaph-
thalene-1,4-dione. Furthermore, the condensation
of thioureido acid with 3-chloropentane-2,4-dione
and the subsequent Claisen—Schmidt cross-aldol
condensation followed by the dehydration reaction
gave chalcone-type compounds. The attractive fea-
tures of the applied reaction pathways are a simple
procedure and isolation as well as the purification
of target compounds, satisfactory to good yields
of the obtained products, which makes it a suit-
able protocol for the synthesis of this class of com-
pounds.

The antibacterial test results revealed that un-
substituted thiazole 13 and 4-naphthylthiazole
18 showed a profound and selective antibacterial
activity targeting Bacillus coagulans. The MIC of
these compounds was 4-fold higher than the clini-
cally approved ampicillin. Compound 14 possessed
2-fold greater potency against this strain (MIC,

31.25 pg/mL) compared to ampicillin. The in-
corporation of electron withdrawing groups in
the structure of thiazoles reduced their bioactivity
but remained strong and comparable to the control
antibiotic (MIC, 62.5 pg/mL). The introduction
of 2-chromenon-3-yl fragment into the structure
of the compound had the same effect on the inhi-
bition properties. From the set of a- or -methyl
B-amino acid chain possessing thiazoles, 3-((4-phe-
nylthiazol-2-yl)(p-tolyl)amino)butanoic acid (22c)
demonstrated highly increased growth inhibition
properties (MIC, 62.5 pg/mL) against B. coagu-
lans. The modification of unsubstituted thiazole to
a chalcone structure, namely to 5-cinnamoyl moi-
ety bearing derivative, provided 2-fold higher inhi-
bition (MIC, 31.25 pg/mL) than the conventional
antibiotic ampicillin. Moreover, compounds 2a, 9
and 17 were found to inhibit other gram-positive
strains, such as B. megaterium (2a, 17) and B. sub-
tilis (9) with effects equivalent to the control antibi-
otic. Gram-negative Escherichia coli, which showed
the highest resistance, was inhibited by the test-
ed compounds only at MICs of 125 or greater at
250 pg/mL.

According to the test results, a series of ami-
nothiazole derivatives based on 13 could be fur-
ther studied as novel antibacterial agents targeting
gram-positive bacteria strains.
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Biruteé Sapijanskaité-Banevi¢, Biruté Grybaité,
Rita Vaickelioniené, Ingrida Bruzaité

3-(TIAZOL-2-IL(p-TOLIL)AMINO)PROPANO
RUGSTIES DARINIU SINTEZE, KITIMAI IR
PIRMINIAI BIOLOGINIAI TYRIMAI

Santrauka

Siame darbe atlikta jvairiy 3-((4,5-dipakeisty tiazol-2-il)
(p-tolil)amino)propano rugsties dariniy sintezé. Buvo
susintetinta nauja tiazolo dariniy biblioteka, jtraukiant
jvairius pakaitus j 4- ir 5-tiazolo heterociklo padétis ir
iSlaikant nepakeistg PB-alanino fragmentg arba inkor-
poruojant jo a-metilo ir f-metilo analogus. Tiazolams
gauti taikytas Hantsch tiazoly sintezés metodas. 5-osios
tiazolo ziedo padéties pakaitai buvo jtraukti konden-
suojant tiazolong su atitinkamu aldehidu. Tiazolnafto-

chinono kondensuotoji sistema gauta tioureido rugsciai
reaguojant su 2,3-dichlornaftalen-1,4-dionu. Plec¢iant
dariniy jvairove buvo atlikta tioureido rugsties kon-
densacija su 3-chlorpentan-2,4-dionu ir vélesné Clai-
sen-Schmidt kryzminé aldolio kondensacija, po kurios
ivykus dehidratacijos reakcijai gauti chalkono tipo jun-
giniai. Visi susintetinti junginiai identifikuoti remiantis
'H, C BMR, IR, masiy spektroskopijos ir elementinés
analizés duomenimis. Pasirinkty reakcijos metody pa-
trauklumas - paprastos metodikos, tiksliniy junginiy
i$skyrimas bei i$gryninimas, turintis jtakos geroms gau-
ty produkty iSeigoms, jrodo jy tinkamuma Sios klasés
junginiy sintezei.

Buvo atlikti pirminiai antibakteriniai susintetinty tia-
zolo dariniy tyrimai prie§ gram-teigiamas Bacillus coa-
gulans, Bacillus subtilis ir Bacillus megaterium bakterijas
bei gram-neigiamg Escherichia coli bakterijy paderme.
Tyrimai atlikti dvigubo mikroskiedimo metodu, jverti-
nant minimalig slopinamaja koncentracija (ug/ml). An-
tibakterinis testavimas atskleidé, kad darinys 13, turintis
nepakeistg tiazolo Zieda, ir 4-naftiltiazolas 18 selektyviai
stipriai slopino Bacillus coagulans bakterijas. Jy minima-
li slopinamoji koncentracija (MIK) buvo keturis kartus
stipresné (MIK, 15,63 pg/ml) negu kliniskai patvirtinto
ampicilino. 4-fluorfenilpakaitg turinéio tiazolo 14 MIK
buvo $iek tiek silpnesné (MIK, 31,25 pg/ml), taciau visgi
dar du kartus virsijo ampicilino poveikj $iai padermei. |
tiazolo zieda inkorporavus elektrono akceptorines gru-
pes turincius fragmentus, gauty junginiy bioaktyvumas
susilpnéjo, taciau jy minimali slopinamoji koncentraci-
ja prilygo kontroliniam antibiotikui (MIK, 62,5 pg/ml).
Reikia paminéti, kad 2-chromenon-3-ilfragmento jve-
dimas j junginio struktiirg (junginys 19) inicijavo tokj
pat slopinamajj poveikj, kaip ir elektrono akceptoriniy
grupiy buvimas. Tiriant a- ir B-metil-p-aminoragsciy
fragmentus turinciy tiazoly antibakterines savybes nu-
statyta, kad 3-((4-feniltiazol-2-il)(p-tolil)Jamino)butano
rugstis (22¢) B. coagulans padermés augima slopino taip
pat (MIK, 62,5 pg/ml) kaip ir ampicilinas. Nepakeistg
tiazolo ziedg modifikavus j chalkono tipo darinj, turintj
5-cinamoilo fragmentg, junginys jgavo stipry slopinamag-
ji poveikj, net dvigubai (MIK, 31,25 pug/ml) stipresnj nei
jprastai naudojamas antibiotikas ampicilinas. Taip pat
pastebéta, kad junginiai 2a, 9 ir 17 puikiai slopina ir kitas
gram-teigiamas bakterijy padermes: 2a ir 17 - B. mega-
terium, o 9 — B. subtilis. Jy poveikis prilygo kontrolinio
antibiotiko efektui. Tyrimo metu nustatyta, kad didziau-
sig atsparuma tirtiems tiazolams parodé gram-neigiamos
Escherichia coli bakterijos. Jy augimui slopinti prireiké
125 arba net 250 pg/mL koncentracijy junginiy tirpaly.

Atsizvelgiant j biologiniy tyrimy rezultatus, aminotia-
zolo dariniy, suformuoty 3-(1,3-tiazol-2-il(p-tolil)ami-
no)propano ragsties (13) pagrindu, serija gali buti toliau
tirlama kuriant tikslinius, prie§ gram-teigiamas bakterijy
padermes nukreiptus antibakterinius preparatus.
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