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Abstract

A new series of 2-(acetophenon-hydrazin)-thiazoles 4a-x and 2-(4-thiazolyl-
methine-hydrazin)-thiazoles Sa-c were synthesized starting from various thiosemicarbazones
by the reaction with different o(y))-halocarbonyle compounds. The newly synthesized
compounds were characterized by IR, 'H-NMR and mass spectral studies.

Rezumat

Au fost sintetizate noi serii de 2-(acetofenon-hidrazin)-tiazoli 4a-x si de 2-(4-
tiazolil-metinhidrazin)-tiazoli 5a-c¢ pornind de la diferite tiosemicarbazone prin reactia cu
diferiti compusi a(y))-halocarbonilici. Noii compusi sintetizati au fost caracterizati prin IR,
'"H-RMN si studii spectrale de masa.

Keywords: thiosemicarbazones, hydrazin-thiazoles, hydrazin-bisthiazoles,
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Introduction

The latest scientific literature is extremely rich in results obtained
prospectating new antibacterial and antifungal chemotherapeutic agents,
whose structural profiles are often different from those of the
chemotherapeutics nowadays used in therapy [1,7,9]. The new agents have
different structural models, among which are remarked the azolic
heterocycles such as thiazole and its derivatives (thiazolin-ones, thiazolidin-
diones) [2-4, 8]. Based on these data and on our previous experience
regarding the research of thiazole and its derivatives [6, 10], we obtained
new 2-hydrazon-thiazole compounds applying the Hantzsch condensation
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between a variety of acetophenon-thiosemicarbazones and 4-formyl-
thiazolyl-thiosemicarbazone and different a(y))-halo-carbonyle compounds.

Materials and methods

Synthesis of 2-acetophenon-thiosemicarbazones la-c and 2-
Pphenyl-4-formyl thiosemicarbazone 3

The thiosemicarbazones la-¢ and 3 were synthesized by the
reaction of 3 substituted acetophenones (4-Br, 2-OH, 2,4-di-OH) and by the
reaction of 2-phenyl-4-formyl-thiazole 2 with thiosemicarbazide, in the
presence of small quantities of concentrated sulphuric acid (Figure 1).
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Figure 1
Synthesis of 2-acetophenon-thiosemicarbazones 1a-c
and 2-phenyl-4-formyl thiosemicarbazone 3

Condensation of thiosemicarbazones with o(y)-halo-carbonyle compounds
Three series of 2-acetophenon-hydrazin-thiazoles (4a-f, 4g-1, 4m-s),
variously substituted in the 4 and 5 positions of the thiazole ring and at the
phenyl nucleus, and also 2-acetophenon-hydrazin-4,5’-bisthiazoles (4u-x)
were synthesized by the Hantzsch condensation of acetophenon-
thiosemicarbazones la-c with various a-halocarbonyle compounds (Figure
2). Starting from the thiosemicarbazone of the 2-phenyl-4-formyl-thiazole 3,
by the reaction with 2-chlor-ethyl acetoacetate, respectively with 4-chlor-
ethyl acetoacetate, the 2-[(2’phenyl-thiazole-4’-yl)-methinhydrazin]-
thiazolic esters Sa-b were obtained and by the reaction with 5-bromacetyl-2-
phenyl-4-methyl-thiazole it has been obtained 2-[(2”-phenyl-thiazole-4-yl-
methinhydrazin)]-2-phenyl-4-methyl-5,4’-bisthiazole Se¢ (Figure 3). The
synthesis of 5-bromoacetyl-2-phenyl-4-methyl-thiazole and 2-phenyl-4-
formyl-thiazoles 2 were reported previously [5].
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Synthesis of 2-acetophenon-hydrazin-4-R-5R-thiazoles 4a-s and 2-acetophenon-hydrazin-
2’- phenyl-4’- methyl-4,5’bisthiazoles 4u-x

NH, o) N

CH= N—NH—Cl\ C|_ R CH= N—NH—/L’X

\ S
N S CH—R, N
g cl”’ \
_—
S S
C N

3 H; N Sa: RLZCOOCZHs, RZZCH3
I D—CsHs 5b: R,=H, Ry=CH,COOC,Hs

\
s>\ CeHs

BrH,COC

N

cH=N-NH—IL_ g

Nj\
Figure 3

Synthesis of 2-[(2’phenyl-thiazole-4’-yl)-methinhydrazin-thiazolyl esters 5a-b and 2-[(2”-
phenyl-thiazole-4”-yl-methinhydrazin)]-2-phenyl-4-methyl-5,4’-bisthiazole 5¢
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Experimental protocol

The melting points were registered with an Electrothermal melting
point meter and were uncorrected. FT-IR spectra were recorded on a Nicolet
210 FT-IR spectrometer using potassium bromide. The 'HNMR spectra
were recorded at room temperature on a Bruker Avance NMR spectrometer
operating at 500 MHz. Chemical shift values were reported relative to
tetramethylsilane (TMS) as internal standard. The samples were prepared by
dissolving the compounds in dimethylsulfoxide (DMSOd6) (6H= 2.51ppm)
as solvent and the spectra were recorded using a single excitation pulse of
12 ps. GC-MS analyses were performed with an Agilent gas chromatograph
6890 equipped with an apolar Macherey Nagel Permabond SE 52 capillary
column. Elemental analysis was registered with a Vario El CHNS
instrument. All compounds gave satisfactory quantitative elemental analysis
results (CHNS). The purity of the synthesized compounds was verified by
thin layer chromatography (TLC) and was carried out on precoated Silica
Gel 60F254 sheets using heptan — ethyl-acetate 1:1 system and UV light for
visualization.
2- acetophenon-thiosemicarbazones la-c (General procedure)
0.05 mol of substituted acetophenone (4-bromo, 2-hidroxy, 2,4-dihydroxy)
dissolved in 50 mL alcohol was treated with 0.055 mol of thiosemicarbazide
dissolved in 50 mL alcohol followed by the addition of 5 drops of
concentrated suphuric acid. The mixture was refluxed for 3 hours, cooled,
after which the resulted precipitates were filtered and recrystallized from
ethanol. 1a: CoH;oBrN3S (270.16), M.p.: 194-196°C (ethanol), Yield 78%,
1b: CoH N3OS (209.26), M.p.: 197-198°C (ethanol), Yield 76%, 1c:
CoH;1N30,8 (225.26), M.p.: 197-198°C (ethanol), Yield 80%,.
2-phenyl-4-formyl-thiazole thiosemicarbazone 3
0.01 mol of 2 was dissolved in 15 mL ethanol and was treated with 0.01 mol
of thiosemicarbazide. The mixture was refluxed 3 hours, after which it was
cooled. The resulted compound was filtered and recrystallized from ethanol.
C11H10N4S; (262), M.p. 210-212°C, Yield 68%.
2-(acetophenon-hydrazin)-4-R-5-R’-thiazoles 4a-s and 2-(acetophenon-
hydrazon)-4R-5R’-bisthiazoles 4u-x (General procedure)
0.005 mol of 1a-c was dissolved in 20 mL absolute ethanol and 0.0055 mol
a-((y)) halocarbonyle compound (chlorpropanone, 1,3-dichloroacetone, o-
chlor-acetophenone, 2-chlor-ethyl-acetoacetate, 4-chlor-ethyl-acetoacetate,
3-chlor-acetylacetone,  2-phenyl-4-methyl-5-bromacetyl-thiazole) ~ was
added. The mixtures were refluxed 2 hours, cooled, after which the resulted
precipitates were filtered, washed with water in order to transform the
halohydrates in bases. The resulted compounds were recrystallized from
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ethanol. 4a: C1sH;,BIN;S (310.21), M.p.: 148-149°C, Yield 68%, & 7.62 (s,
1H, thiazole C5-H), 7.96 (s, 1H, NH), 2.2 (s, 3H, CHz), 2,36 (s, 3H, CH;s-4-
thiazole), 7.63 (d, 2H, Ar-H), 7.82 (d, 2H, Ar-H), m/z= 310 (M"), 294, 196,
182, 155, 128, 113, IR: v(NH): 3294 cm” v(C=N): 1590 cm’ 4b:
C12H 11 BrCIN;S (344.65), M.p.: 110°C, Yield 59%, & 7.55 (s, 1H, thiazole
C5-H), 7.92 (s, 1H, NH), 2.1 (s, 3H, CHs), 2.86 (s, 2H, CH,-Cl), 7.53 (d,
2H, Ar-H), 7.71 (d, 2H, Ar-H) m/z= 345 (M"), 330, 308, 196, 182, 155, IR:
v(NH): 3299 cm™ v(C=N): 1595 cm™ 4¢: C17H4BrN;S (372.28), M.p.: 195-
197°C, Yield 88%, & (s, 1H, thiazole C5-H), 7.59 (s, 1H, NH), 2.36 (s, 3H,
CHs), 7.33-7.41 (m, 5H, C¢Hs-4-thiazole), 7.55 (d, 2H, Ar-H), 7.72 (d, 2H,
Ar-H), m/z= 372 (M"), 358, 216, 196, 175, 155, IR: v(NH): 3291 cm™
V(C=N): 1592 cm™ 4d: CsH¢BrN;O,S (382.27), M.p.: 176°C, Yield 67 %,
8 7.95 (s, 1H, NH), 2.12 (s, 3H, CHs), 2.39 (s, 3H, CH;-4-thiazole), 1.24 (t,
3H, CH,CH3), 4.12 (q, 2H, CH,CH3), 7.66 (d, 2H, Ar-H) 7.86 (d, 2H, Ar-
H), m/z= 382 (M"), 368, 309, 226, 198, 184, IR: v(NH): 3288 cm™ v(C=N):
1588 cm™ de: CsH sBrN;O,S (382.27), M.p.: 190°C, Yield 48%, & 7.87 (s,
1H, NH), 2.29 (s, 3H, CH3), 3.51 (s, 2H, 4-thiazolyl-CH,-), 1.24 (t, 3H,
CH,CHs), 421 (q, 2H, CH,CH3), 7.58 (d, 2H, Ar-H) 7.84 (d, 2H, Ar-H),
6.99 (s, 1H, thiazole C5-H), m/z=382 (M"), 368, 336, 226, 198, 184, 182,
155, IR: v(NH): 3292 cm™ v(C=N): 1597 cm™ 4f: C,H4BrN;0S (352),
M.p.: 243-6"C, Yield 64 %, & 7.85 (s, 1H, NH), 2.30 (s, 3H, CH3), 2.49 (s,
3H, CH;-4-thiazole), 1.39 (s, 3H, COCHa), 7.50 (d, 2H, Ar-H) 7.74 (d, 2H,
Ar-H), m/z= 352 (M"), 336, 310, 196, 182, 170, 155, IR: v(NH): 3293 cm
v(C=N): 1589 cm™ 4g: C;,H;3N;0S (247.31), Yield 66%, M.p.: 152°C,
87.60 (s, 1H, thiazole C5-H), 7.86 (s, 1H, NH), 2.46 (s, 3H, CHs), 2.36 (s,
3H, CHs-4-thiazole), 12.95 (1H, s, OH), 7.63 (d, 1H, Ar-H), 7.86 (t, 1H, Ar-
H), 7.74 (t, 1H, Ar-H), 7.30 (d, 1H, Ar-H), m/z= 247 (M"), 232, 134, 120,
IR: v(NH): 3276 cm” v(C=N): 1588 cm” 4h: C;,H»CIN;0S (281.75),
M.p.: 116-118°C, Yield 74%, & 7.66 (s, 1H, thiazole C5-H), 7.76 (s, 1H,
NH), 2.28 (s, 3H, CHs), 2.56 (s, 2H, CH,-Cl), 12.65 (1H, s, OH), 7.58 (d,
1H, Ar-H), 7.88 (t, 1H, Ar-H), 7.64 (t, 1H, Ar-H), 7.45 (d, 1H, Ar-H), m/z=
281(M"), 232, 147, 134, 120, IR: v(NH): 3288 cm™ v(C=N): 1595 cm™ 4i:
C7H1sN;0S (309.38), Yield 62%, & (s, 1H, thiazole C5-H), 7.69 (s, 1H,
NH), 2.49 (s, 3H, CHs), 7.33-7.41 (m, 5H, C¢Hs-4-thiazole), 12.95 (1H, s,
OH), 7.66 (d, 1H, Ar-H), 7.68 (t, 1H, Ar-H), 7.74 (t, 1H, Ar-H), 7.33 (d, 1H,
Ar-H), m/z= 309 (M"), 189, 175, 134, 98, IR: v(NH): 3283 cm™ v (C=N):
1593 cm™ 4j: C15sH17N303S (319.37), M.p.: 187-9°C, Yield 69%, & 7.86 (s,
1H, NH), 2.36 (s, 3H, CH;), 2.26 (s, 3H, CH;-4-thiazole), 1.38 (t, 3H,
CH,CHs), 4.12 (q, 2H, CH,CH3), 12.65 (1H, s, OH), 7.81 (d, 1H, Ar-H),
7.88 (t, 1H, Ar-H), 7.54 (t, 1H, Ar-H), 7.34 (d, 1H, Ar-H), m/z= 319 (M),
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302, 274, 229, 185, 134, IR: v(NH): 3282 cm™ v (C=N): 1599 cm™ 4k:
C1sH17N305S (319.37), M.p.: 126-9°C, Yield 68%, 87.77 (s, 1H, NH), 2.24
(s, 3H, CH), 3.61 (s, 2H, 4-methylene), 1.34 (t, 3H, CH,CHs), 4.21 (q, 2H,
CH,CHs), 12.65 (1H, s, OH), 7.60 (d, 1H, Ar-H), 7.77 (t, 1H, Ar-H), 7.69 (t,
1H, Ar-H), 7.12 (d, 1H, Ar-H), 7.21 (s, 1H, thiazole C5-H), m/z= 319 (M),
302, 228, 185, 134, IR: v(NH): 3289 cm”' v(C=N): 1600 cm’ 4l
C1sH15N30,S (289,35), Yield 67%, M.p.: 200°C, 6 7,60 (s, 1H, NH), 2.20 (s,
3H, CH3), 2.39 (s, 3H, CHs-4-thiazole), 1.39 (s, 3H, COCHs3), 12.55 (1H, s,
OH), 7.45 (d, 1H, Ar-H), 7.78 (t, 1H, Ar-H), 7.72 (t, 1H, Ar-H), 7.22 (d, 1H,
Ar-H), m/z= 289(M"), 246, 155, 134, IR: v(NH): 3279 cm™ v(C=N): 1590
cm™ 4m: CoH;3N30,S (263.31), Yield 58%, M.p.: 210°C, 87.56 (s, 1H,
thiazole C5-H), 7.86 (s, 1H, NH), 2.28 (s, 3H, CH3), 2.46 (s, 3H, CH;-4-
thiazole), 12.65 (1H, s, OH), 12.83 (1H, s, OH), 7.23 (s, 1H, Ar-H), 7.88 (d,
1H, Ar-H), 7.71 (d, 1H, Ar-H), m/z=263 (M), 248, 150, 113, IR: v(NH):
3296 cm™ v(C=N): 1587 cm™ 4n: C,H,CIN;O,S (297.75), Yield 56%,
M.p.: 205-7°C, 7.56 (s, 1H, thiazole C5-H), 7.66 (s, 1H, NH), 2.14 (s, 3H,
CHs), 2.36 (s, 2H, CH,-Cl), 12.35 (1H, s, OH), 12.13 (1H, s, OH), 7.29 (s,
1H, Ar-H), 7.59 (d, 1H, Ar-H), 7.64 (d, 1H, Ar-H), m/z=298 (M"), 248, 150,
148, IR: v(NH): 3287 cm™ v(C=N): 1595 cm™ 40: C;7H;5sN30,S (325.38),
Yield 61%, M.p.: 240-2°C, & 7.46 (s, 1H, thiazole C5-H), 7.96 (s, 1H, NH),
2.32 (s, 3H, CH;), 7.33-7.41 (m, 5H, C¢Hs-4-thiazole), 12.75 (1H, s, OH),
12.89 (1H, s, OH), 7.22 (s, 1H, Ar-H), 7.68 (d, 1H, Ar-H), 7,79 (d, 1H, Ar-
H), m/z=325 (M"), 308, 292, 216 175, 150, IR: v(NH): 3290 cm™ v(C=N):
1592 cm™ 4p: CisH7N304S (335.37), Yield 70%, M.p.: 280°C, 32.28 (s,
3H, CHs), 7.86 (s, 1H, NH), 2.46 (s, 3H, CHs-4-thiazole), 1.38 (t, 3H,
CH,CHs), 4.22 (q, 2H, CH,CH3), 12.45 (1H, s, OH), 12.73 (1H, s, OH),
7.06 (s, 1H, Ar-H), 7.49 (d, 1H, Ar-H), 7.51 (d, 1H, Ar-H), m/z= 335 (M),
318, 290, 150, 136, IR: v(NH): 3286 cm”' v(C=N): 1591 cm’ 4r:
C1sH17N304S (335.37), M.p.: 127-8°C, Yield 56%, & 7.46 (s, 1H, thiazole
C5-H), 7.66 (s, 1H, NH), 2.19 (s, 2H, 4-thiazolyl-CH,-), 1.20 (t, 3H,
CH,CHs), 4.12 (q, 2H, CH,CH3), 12.75 (1H, s, OH), 12.23 (1H, s, OH),
7.13 (s, 1H, Ar-H), 7.68 (d, 1H, Ar-H), 7.38 (d, 1H, Ar-H), m/z= 335 (M),
318, 289, 272, 262, 244, 150, 136, IR: v(NH): 3294 cm™ v(C=N): 1599 cm
4s: C14H,5N305S (305.35), M.p.: 316°C, Yield 67%, & 7.56 (s, 1H, NH),
2.46 (s, 3H, CH;s-4-thiazole), 2.67 (s, 3H, COCHz)), 12.75 (1H, s, OH),
12.62 (1H, s, OH), 7.23 (s, 1H, Ar-H), 7.81 (d, 1H, Ar-H), 7.76 (d, 1H, Ar-
H), m/z= 305 (M"), 288, 272, 193, 150, 136, IR: v (NH): 3291 cm’
V(C=N): 1591 cm™ 4u: C,;H7BrN,S, (469.41), M.p.: 180°C, Yield 58%, &
7.34 (s, 1H, thiazole C5-H), 7.76 (s, 1H, NH), 2.43 (s, 3H, CHs), 2.86 (s,
3H, CH;-4-thiazole), 7.53 (d, 2H, Ar-H), 7.8 (d, 2H, Ar-H), 7.33-7.42 ( m,
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5H, Ph), m/z=469 (M), 271, 198, 184, 169, 155, IR: v (NH): 3290 cm™ v
(C=N): 1589 cm™ 4v: CyH sN4,OS; (406.52), M.p.: 244-246"C, Yield 69%,
d 7.29 (s, 1H, thiazole C5-H), 7.76 (s, 1H, NH), 2.23 (s, 3H, CHs), 2.44 (s,
3H, CH;3-4-thiazole), 12.73 (1H, s, OH), 7.29 (d, 1H, Ar-H), 7.88 (t, 1H, Ar-
H), 7.84 (t, 1H, Ar-H), 7.62 (d, 1H, Ar-H), 7.34-7.44 (m, 5H, Ph), m/z=406
(M), 389, 286, 273, 169, 134, 120, IR: v (NH): 3297 cm™ v (C=N): 1591
CI’Il_l 4x: C21H18N40282 (42251), Yield 55%, Mp 1900C, 724(5, lH,
thiazole C5-H), 7.84 (s, 1H, NH), 2.23 (s, 3H, CHs), 2.42 (s, 3H, CH;3-4-
thiazole), 12.65 (1H, s, OH), 12.49 (1H, s, OH), 7.23 (s, 1H, Ar-H), 7.88 (d,
1H, Ar-H), 7.87 (d, 1H, Ar-H), 7.19-7.52 m (5H, Ph), m/z= 422 (M"), 404,
371, 268, 169, 150, IR: v (NH): 3293 cm™ v (C=N): 1590 cm"
2-[(2’phenyl-thiazole-4’-yl)-methinhydrazin-thiazolyl ethyl esters Sa-b
and 2-[(2”-phenyl-thiazole-4”-yl-methinhydrazin)]-2-phenyl-4-methyl-
5,4’-bisthiazole 5¢

0.002 mol of 3 was suspended in 10 mL absolute ethanol and 0.0022 mol of
ethyl-2-chlor-acetoacetate, ethyl-4-chlor-acetoacetate  respectively  5-
bromacetyl-2-phenyl-4-methyl-thiazole were added, after which the
mixtures were refluxed 2 hours. After cooling, the thiazole halohydrates
were precipitated with ethylic ether and filtered. The residues were washed
on filter with water. The resulted compounds were recrystallized from
ethanol 5a: C17H6N40,S (372), M.p. 192-4°C, Yield 58%, & 7.74 (s, 1H,
NH) 7.46, (s, 1H, thiazole C5-H), 2.26 (s, 3H, CH;-4-thiazole), 12.20 (s,
1H, N=CH), 1.34 (t, 3H, CH,CH3), 4.12 (q, 2H, CH,CH3), 7.12-7.66 (m,
5H, Ph), m/z= 372 (M"), 322, 308, 187, IR: v(NH): 3300 cm” (C=N):
1588 cm™ 5b: C7HsN4O5S; (372), M.p.=140-2 °C, Yield 58%, & 7.67 (s,
1H, NH), 3.43 (s, 2H, thiazole-4-methylene), 12.40 (s, 1H, N=CH), 1.24 (t,
3H, CH,CHz3), 4.12 (q, 2H, CH,CH3), 7.03-7.40 (m, 5H, Ph), 7.87 (s, 1H,
thiazole C5-H), 7.53 (s, 1H, thiazole C5-H), m/z= 372 (M"), 314, 299, 187,
IR: v(NH): 3309 cm™, v(C=N): 1590 cm™ 5¢: Ca3H;7N5S; (459), M.p.=163-
5°C, Yield 56%, & 7.97 (s, 1H, NH), 3.22 (s, 3H, CHs), 12.20 (s, 2H,
N=CH), 7.26-7.56 (m, 5H, Ph), 7.58-7.89 (m, 5H, Ph), 7.23 (s, 1H, thiazole
C5-H, 7.25 (s, 1H, thiazole C5-H), m/z= 459 (M), 242, 187, IR: v(NH):
3305 cm™ v(C=N): 1593 cm.

Results and discussion

Spectral data

The obtaining of thiazole was confirmed by recording the IR, 'H-
NMR and mass spectra of all the compounds.

IR spectra of 4a-x showed absorbtion bands between 3280-3309
cm” due to NH and between 1588-1600 cm™ (C=N).
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The "H-NMR spectra of 4a-s showed a singlet corresponding to NH
proton in the region & 7.59-7.99 ppm. A singlet betwen 6 6.90-7.66 ppm
was attribuitted to the C-5 proton of the thiazole ring in the compounds
unsubstituted in 5. The aromatic protons of the aryl ring (4-Br-phenyl, 2-
hydroxy-phenyl, 2,4-dihydroxy-phenyl) resonated in the region of 7.02-
7.91ppm. The N=CH proton resonated as a singlet at 3 12.20-12.40 ppm.

Mass spectra of the compounds showed molecular ion peaks with
hight abbondances at m/z in agreement with their molecular formula. The
most important fragmentation is the fragmentation of N-N bound with the
formation of ion peaks (m/z=M"-N=C(CH3;)-Aryl).

In the case of bisthiazole compounds 4u-x and 5a-c, the IR spectra
showed absorbtion bands between 3280-3310 cm™ due to NH and between
1580-1600cm™ (C=N). The 'H-NMR spectra showed a singlet
corresponding to NH proton between & 7.67-7.97 ppm, and a singlet
between 6 7.24-7.35 attributed to the C-5 proton of the bisthiazole ring.
Mass spectra of bisthiazole compounds showed molecular ion peaks at m/z
in agreement with their molecular formula and the most important
fragmentation took place at the N-N level of bound.
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