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Abstract: β-Ketoester and ethanone derivatives, potentially functional molecules, containing the pyrazole/thiazole 
scaffolds were synthesized. The structures of the synthesized novel compounds were confirmed by FTIR, 1H NMR 
and 13C NMR spectroscopy and elemental analysis. The NMR spectra of the synthesized compounds are analyzed. 
Furthermore, ABX systems in pyrazole ring were studied in detail and the coupling constants of the diastereotopic 
protons. 
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1. Introduction 

Heterocyclic compounds contain at least two different elements in their cyclic structures. 
These compounds have received great interest in the design of pharmacologically active molecules 
and advanced organic materials 1- 3. Among heterocyclic compounds, pyrazole and thiazole scaffolds 
are very popular because of their versatility in use. The pyrazole derivatives possess an extensive 
range of biological activities such as anxiolytic 4, antimicrobial 5, antihypertensive 6, antiinflammatory 
7, antipyretic 8, analgesic 9, antioxidant 10, anticancer 11, sodium channel blocker 12, antiviral 13, 
antidepressant 14 and antidiabetic activity 15, while the thiazole derivatives which is found in the 
structure of many compounds naturally found in nature have antiinflammatory 16, antibacterial 17, 
antifungal 18, antithrombotic 19, antiHIV 20, antihypertensive 21, hypnotic 22, analgesic 23, neuroleptic 24, 
and antimalarial effects 25. Also, pyrazole and thiazole compounds having a five atomic ring structure 
are used in the synthesis of many condensed hetero structures. For example, some pyrazole and 
thiazole derivatives previously synthesized by our research group are seen in Figure 1 26-30. These 
compounds are heterocyclic structures in which pyrazole and thiazole nuclei are integrated with acyl 
thiourea, benzoxazine, coumarin and benzodiazepine rings.  

                                                 
* Corresponding authors: E-mail: i_koca@yahoo.com (İ.Koca); mehmet.gumus@bozok.edu.tr (M.Gumus)  
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Figure 1. Some pyrazole and thiazole derivatives previously synthesized by our research group 26-30. 

In this work, we achieved the synthesis and characterization studies about hybrid molecules 
that including pyrazole and thiazole rings. The molecular formulas of the synthesized compounds (C1-
C4, D1-D4) are given in Figure 2.  

The compounds C contain β-ketoester group. Also, these compounds are multi-coupling 
reagents containing both electrophilic carbonyl and nucleophilic carbon 31. The compounds D are 
ethanone derivatives which are containing acetyl groups and used as precursors in organic chemistry 
syntheses 32-34. Due to the above-mentioned reasons, the compounds C and D are an important reactive 
molecules for the synthesis and design of new the heterocyclic compounds. The structures of target 
compounds (C, D) were characterized by FT-IR, 1H NMR, 13C NMR spectroscopy and elemental 
analysis techniques. 

 

Figure 2. The molecular structures of the target compounds 

2. Experimental 

Solvents and all other chemical reagents were obtained from Merck and Sigma Aldrich, and 
were used without further purification. Melting points were determined in open capillary tubes on an 
Electrothermal 9200 melting point apparatus. FT-IR spectra were recorded in the spectral range of 
4000–400 cm−1 with a Perkin Elmer Spectrum Two Model FT-IR Spectrometer using ATR method 
(Bozok University-Department of Chemistry). Elemental analyses were performed using Leco-932 
CHNS-O Elemental Analyzer (Bozok University-Department of Chemistry). The 1H NMR (300 or 
400 MHz) and 13C NMR (75 or 100 MHz) were run on a Bruker Ultrashield NMR spectrometer using 
CDCl3 and DMSO-d6 as a solvent. All the 1H NMR and 13C NMR experiments were reported in δ 
units, parts per million (ppm) relative to TMS as internal standard and coupling constants (J) were 
given in Hertz (Hz). 
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2.1. General Procedure for the Synthesis of Compound A 

 Starting compounds (A) were synthesized from the reaction of chalcones 35 (R= Ph, p-CH3-
C6H4, p-Cl-C6H4, p-OCH3-C6H4) with thiosemicarbazide according to literature 36,37. 

2.2. General Procedure for the Synthesis of Compound B 

A mixture of the compound A (5 mmol) and dimethyl formamide dimethyl acetal (DMF-
DMA) (6 mmol) in dichloromethane (40 mL) were refluxed for 6 h until the reaction was completed 
(followed by TLC). The solvent was removed under reduced pressure. Then, the obtained crude 
product was treated with diethyl ether. Yellow crude product which precipitated was filtered off and 
used directly without further purification for the next step reaction. 

2.3. General Procedure for the Synthesis of Compound C 

A mixture of the compound B (1 mmol) and ethyl 4-chloro-3-oxo butanoate (1.2 mmol) in 
ethanol (30 mL) was heated to boiling temperature and stirred for 7h. The solvent was removed under 
reduced pressure. Then, the obtained residue oil was treated with diethyl ether. Yellow crude product 
which precipitated was filtered off and purified by recrystallization from isopropyl alcohol to get 
compounds C.  

2.3.1. Ethyl 3-(2-(3,5-diphenyl-4,5-dihydro-1H-pyrazol-1-yl)thiazol-5-yl)-3-oxopropanoate (C1): 

Color: Yellow, Yield 0.344 g, 82%, mp 158-159 oC, FT-IR (ATR, cm-1): υmax 3093-3034 (Ar-H); 
2989-2901 (aliphatic C-H), 1726 (C=O, ester); 1641 (C=O, ketone); 1566-1489 (C=N and C=C). 1H-
NMR (300 MHz; CDCl3, ppm): δ 7.81 (s, CH, thiazole); 7.79-7.26 (m, 10H, Ar-H); 5.74-5.69 (dd, 
Jtrans= 5.0 Hz, Jcis= 11.7 Hz, 1H, C5H-pyrazole); 4.18 (q, J= 7.1 Hz, 2H, OCH2CH3); 4.01-3.91 (dd, 
Jgem= 17.7 Hz, Jcis= 11.8 Hz, 1H, C4H-pyrazole); 3.74 (s, 2H, CH2); 3.38-3.30 (dd, Jgem= 17.7 Hz, 
Jtrans= 5.1 Hz, 1H, C4H-pyrazole); 1.25 (t, J= 7.1 Hz, 3H, OCH2CH3). 13C-NMR (75 MHz; CDCl3, 

ppm): δ 183.2 (C=O, ketone); 166.6 (C=O, ester); 161.3; 155.0; 148.9; 140.6; 130.7; 129.1; 128.9; 
128.8; 128.2; 126.9; 126.8; 125.7 (C=C and C=N); 63.7 (C5-pyrazole); 61.5 (OCH2); 45.8 (CH2); 43.9 
(C4-pyrazole); 14.1 (CH3). Calcd. for C23H21N3O3S (419.50): C, 65.85; H, 5.05; N, 10.02; S, 7.64. 
Found: C, 65.94; H, 5.01; N, 9.78; S, 7.33 %. 

2.3.2. Ethyl 3-(2-(3,5-dip-tolyl-4,5-dihydro-1H-pyrazol-1-yl)thiazol-5-yl)-3-oxopropanoate (C2): 

Color: Yellow, Yield 0.353 g, 79%, mp 145-146 oC, FT-IR (ATR, cm-1): υmax 3092, 3030 (Ar-H); 2984-
2868 (aliphatic C-H), 1741 (C=O, ester); 1635 (C=O, ketone); 1612-1500 (C=N and C=C). 1H-NMR 
(300 MHz; CDCl3, ppm): δ 7.81 (s, CH, thiazole); 7.67-7.15 (m, 8H, Ar-H); 5.68-5.62 (dd, Jtrans= 5.0 
Hz, Jcis= 11.7 Hz, 1H, C5H-pyrazole); 4.18 (q, J= 7.1 Hz, 2H, OCH2CH3); 3.96-3.86 (dd, Jgem= 17.6 
Hz, Jcis= 11.7 Hz, 1H, C4H-pyrazole); 3.74 (s, 2H, CH2); 3.33-3.26 (dd, Jgem= 17.6 Hz, Jtrans= 5.0 Hz, 
1H, C4H-pyrazole); 2.40 and 2.32 (s, 6H, 2 x Ar-CH3); 1.25 (t, J= 7.1 Hz, 3H, OCH2CH3). 13C-NMR 
(75 MHz; CDCl3, ppm): δ 183.1 (C=O, ketone); 170.0 (C=O, ester); 167.2; 155.2; 149.1; 141.2; 137.9; 
137.8; 129.8; 129.6; 129.4; 127.9; 126.8; 125.7 (C=C and C=N); 63.4 (C5-pyrazole); 61.5 (OCH2); 
45.8 (CH2); 44.0 (C4-pyrazole); 21.6; 21.1 (2 x Ar-CH3); 14.1 (CH3). Calcd. for C25H25N3O3S (447.55): 
C, 67.09; H, 5.63; N, 9.39; S, 7.16. Found: C, 67.02; H, 5.33; N, 9.08; S, 7.40 %. 

2.3.3. Ethyl 3-(2-(3,5-bis (4-chlorophenyl)-4,5-dihydro-1H-pyrazol-1-yl)thiazol-5-yl)-3 

oxopropanoate (C3):  Color: Yellow, Yield 0.346 g, 71%, mp 135-137 oC, FT-IR (ATR, cm-1): υmax 
3064-3003 (Ar-H); 2981-2936 (aliphatic C-H), 1737 (C=O, ester); 1642 (C=O, ketone); 1596-1487 
(C=N and C=C). 1H-NMR (300 MHz; CDCl3, ppm): δ 7.79 (s, CH, thiazole); 7.69 (d, part A of the 
system AB, J=8.5 Hz, 2H, H-2), 7.41 (d, part B of the system AB, J=8.5 Hz, 2H, H-3), 7.32 (d, part A 
of the system AB, J=8.4 Hz, 2H, H-3’), 7.21 (d, part B of the system AB, J=8.5 Hz, 2H, H-2’); 5.71-
5.65 (dd, Jtrans= 5.2 Hz, Jcis= 11.8 Hz, 1H, C5H-pyrazole); 4.19 (q, J=7.1 Hz, 2H, OCH2CH3); 3.98-3.88 
(dd, Jgem= 17.7 Hz, Jcis= 11.8 Hz, 1H, C4H-pyrazole); 3.75 (s, 2H, CH2); 3.30-3.22 (dd, Jgem= 17.7 Hz, 
Jtrans= 5.3 Hz, 1H, C4H-pyrazole); 1.25 (t, J=7.1 Hz, 3H, OCH2CH3). 13C-NMR (75 MHz; CDCl3, 
ppm): δ 183.3 (C=O, ketone); 170.0 (C=O, ester); 167.0; 153.7; 148.6; 139.0; 136.9; 134.1; 130.2; 
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129.4; 129.2; 128.9; 128.0; 127.2 (C=C and C=N); 63.3 (C5-pyrazole); 61.6 (OCH2); 45.8 (CH2); 43.6 
(C4-pyrazole); 14.1 (CH3). Calcd. for C23H19Cl2N3O3S (488.39): C, 56.56; H, 3.92; N, 8.60; S, 6.57. 
Found: C, 56.23; H, 3.97; N, 8.62; S, 6.35 %. 

2.3.4. Ethyl 3-(2-(3,5-bis(4-methoxyphenyl)-4,5-dihydro-1H-pyrazol-1-yl)thiazol-5-yl)-3-

oxopropanoate (C4):  Color: Yellow, Yield 0.354 g, 74%, mp 117-118 oC, FT-IR (ATR, cm-1): υmax 
3074-2841 (Ar-H and aliphatic C-H); 1734 (C=O, ester); 1633 (C=O, ketone); 1607-1463 (C=N and 
C=C), 1248 (C-O). 1H-NMR (400 MHz; CDCl3, ppm): δ  7.83 (s, CH, thiazole); 7.73 (d, part A of the 
system AB, J=8.9 Hz, 2H, H-2), 7.22 (d, part A of the system AB, J=8.7 Hz, 2H, H-3’), 6.97 (d, part B 
of the system AB, J=8.9 Hz, 2H, H-3), 6.88 (d, part B of the system AB, J=8.7 Hz, 2H, H-2’); 5.67-
5.62 (dd, Jtrans= 4.9 Hz, Jcis= 11.6 Hz, 1H, C5H-pyrazole); 4.20 (q, J=7.1 Hz, 2H, OCH2CH3); 3.96-
3.86 (dd, Jgem= 17.6 Hz, Jcis= 11.6 Hz, 1H, C4H-pyrazole); 3.76 (s, 2H, CH2); 3.34-3.26 (dd, Jgem= 17.6 
Hz, Jtrans= 4.9 Hz, 1H, C4H-pyrazole); 1.27 (t, J=7.1 Hz, 3H, OCH2CH3). 13C-NMR (100 MHz; 
DMSO-d6, ppm): δ 184.3 (C=O, ketone); 169.1 (C=O, ester); 168.0; 161.8; 159.2; 157.1; 151.1; 133.5; 
129.2; 128.8; 127.7; 123.2; 114.9; 114.6 (C=C and C=N); 63.2 (C5-pyrazole); 61.1 (OCH2); 55.9 and 
55.5 (2 x OCH3); 45.1 (CH2); 44.1 (C4-pyrazole); 14.4 (CH3). Calcd. for C25H25N3O5S (479.55): C, 
62.61; H, 5.25; N, 8.76; S, 6.69. Found: C, 62.44; H, 5.37; N, 8.83; S, 6.51 %. 

2.4. General Procedure for the Synthesis of Compound D 

The solution of compounds C (1 mmol) in acetic acid (25 mL) was refluxed for 24h. After the 
solvent was removed under reduced pressure, the residue was treated with the diethyl ether to give 
crude product as a yellow solid. The crude product which precipitated was filtered off and purified by 
recrystallization from n-butanol to get compounds D.  

2.4.1. 1-(2-(3,5-diphenyl-4,5-dihydro-1H-pyrazol-1-yl)thiazol-5-yl)ethanone (D1): Color: Yellow, 
Yield 0.291 g, 84%, mp 227-228 oC, FT-IR (ATR, cm-1): υmax 3053-2848 (Ar-H and aliphatic C-H); 
1626 (C=O, ketone); 1594-1489 (C=N and C=C). 1H-NMR (400 MHz; DMSO-d6, ppm): δ 8.03 (s, 
CH, thiazole); 7.83-7.10 (m, 10H, Ar-H); 5.79-5.74 (dd, Jtrans= 5.0 Hz, Jcis= 11.7 Hz, 1H, C5H-
pyrazole); 4.13-4.06 (dd, Jgem= 18.1 Hz, Jcis= 11.8 Hz, 1H, C4H-pyrazole); in DMSO-d6 (dd, 1H, C4H-
pyrazole); 2.36 (s, 3H, COCH3). 13C-NMR (100 MHz; DMSO-d6, ppm): δ 189.6 (C=O, ketone); 168.8 
(C=N, thiazole); 156.4; 149.4; 141.6; 131.2; 130.8; 130.4; 129.4; 129.3; 128.1; 127.3; 126.3 (C=C and 
C=N); 63.8 (C5-pyrazole); 44.0 (C4-pyrazole); 26.3 (CH3). Calcd. for C20H17N3OS (347.43): C, 69.14; 
H, 4.93; N, 12.09; S, 9.23. Found: C, 69.28; H, 4.99; N, 12.26; S, 9.37 %.  

2.4.2. 1-(2-(3,5-dip-tolyl-4,5-dihydro-1H-pyrazol-1-yl)thiazol-5-yl)ethanone (D2): Color: Yellow, 
Yield 0.285 g, 76%, mp 257-258 oC, FT-IR (ATR, cm-1): υmax 3033-2918 (Ar-H and aliphatic C-H); 
1631 (C=O, ketone); 1593-1502 (C=N and C=C). 1H-NMR (300 MHz; CDCl3, ppm): δ 7.75 (s, CH, 
thiazole); 7.66-7.15 m, 8H, Ar-H); 5.67-5.62 (dd, Jtrans= 5.1 Hz, Jcis= 11.8 Hz, 1H, C5H-pyrazole); 
3.95-3.85 (dd, Jgem= 17.6 Hz, Jcis= 11.7 Hz, 1H, C4H-pyrazole); 3.32-3.24 (dd, Jgem= 17.6 Hz, Jtrans= 
5.1 Hz, 1H, C4H-pyrazole); 2.40 (s, 6H, Ar-CH3), 2.31 (s, 3H, COCH3). 13C-NMR (75 MHz; CDCl3, 
ppm): δ 189.4 (C=O, ketone); 169.7 (C=N, thiazole); 154.6; 147.9; 141.0; 137.9; 137.8; 130.6; 129.7; 
129.5; 128.0; 126.7; 125.7 (C=C and C=N); 63.4 (C5-pyrazole); 44.0 (C4-pyrazole); 26.0 (-COCH3); 
21.5 and 21.1 (2x Ar-CH3). Calcd. for C22H21N3OS (375.49): C, 70.37; H, 5.64; N, 11.19; S, 8.54. 
Found: C, 70.62; H, 5.46; N, 11.50; S, 8.69 %. 

2.4.3. 1-(2-(3,5-bis(4-chlorophenyl)-4,5-dihydro-1H-pyrazol-1-yl)thiazol-5-yl)ethanone (D3): Color: 
Yellow, Yield 0.308 g, 74%, mp 260-261 oC, FT-IR (ATR, cm-1): υmax 3065-2935 (Ar-H and aliphatic 
C-H); 1631 (C=O, ketone); 1598-1486 (C=N and C=C). 1H-NMR (400 MHz; CDCl3, ppm): δ 7.76 (s, 
CH, thiazole); 7.71-7.21 (m, 8H, Ar-H); 5.72-5.66 (dd, Jtrans= 5.3 Hz, Jcis= 11.9 Hz, 1H, C5H-
pyrazole); 3.98-3.88 (dd, Jgem= 17.6 Hz, Jcis= 11.9 Hz, 1H, C4H-pyrazole); 3.30-3.23 (dd, Jgem= 17.6 
Hz, Jtrans= 5.4 Hz, 1H, C4H-pyrazole); 2.43 (s, 3H, Ar-CH3). 13C-NMR (100 MHz; DMSO-d6, ppm): δ 
189.7 (C=O, ketone); 168.7 (C=N, thiazole); 155.4; 149.3; 140.5; 135.7; 132.7; 130.7; 129.7; 129.5; 
129.2; 129.0; 128.5 (C=C and C=N); 63.4 (C5-pyrazole); 43.7 (C4-pyrazole); 26.4 (CH3). Calcd. for 
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C22H21N3OS (416.32): C, 57.70; H, 3.63; N, 10.09; S, 7.70. Found: C, 57.74; H, 3.36; N, 10.28; S, 
7.78 %. 

2.4.4. 1-(2-(3,5-bis(4-methoxyphenyl)-1H-pyrazol-1-yl) thiazol-5-yl)ethanone (D4): Color: Yellow, 
Yield 0.275 g, 68%, mp 167-168 oC, FT-IR (ATR, cm-1): υmax 3112-2839 (Ar-H and aliphatic C-H); 
1650 (C=O, ketone); 1614-1455 (C=N and C=C), 1252 (C-O). 1H-NMR (400 MHz; CDCl3, ppm): δ 
7.91 (s, 1H, CH-thiazole), 6.68 (s, 1H, CH-pyrazole), 7.87-6.95 (m, 8H, Ar-H), 3.88 and 3.87 (s, 6H, 2 
x OCH3), 2.52 (s, 3H, COCH3). 13C-NMR (100 MHz; DMSO-d6, ppm): δ 191.2 (C=O, ketone); 166.0; 
160.6; 160.4; 154.0; 147.4; 146.3; 137.2; 131.4; 127.9; 123.8; 122.0; 114.8; 113.9; 109.4; 55.7 (2 x 
OCH3); 27.0 (COCH3).  Calcd. for C22H19N3O3S (405.47): C, 65.17; H, 4.72; N, 10.36; S, 7.91. Found: 
C, 65.02; H, 4.85; N, 10.46; S, 8.19 %. 

3. Results and Discussion  

We report here the synthesis and characterization of novel β-ketoester (C) and ethanone 
derivatives (D) containing pyrazole and thiazole rings which are not previously described in the 
literature. The target compounds (C, D) were synthesized starting from chalcones as shown in the 
Scheme 1. 

 

Scheme 1. Synthesis of β-ketoester (C) and ethanone (D) compounds 

While β-ketoester derivatives (C) were obtained in a three-steps, ethanone derivatives (D) 
were obtained in the fourth steps by the sequential reaction of compounds C as shown in Scheme 1. In 
the first step, the pyrazole derivatives (A) known in the literature were synthesized by reaction of 
chalcone derivatives with thiosemicarbazide 37. These pyrazole derivatives (A) contain a thioamide 
group. Accordingly, the compounds A are analogous to a certain thiourea derivative compounds. In a 
previous work 28, thiazolyl-β-ketoester compounds were synthesized by a two step reaction using 
thiourea derivatives by our group. In this work, pyrazole and thiazole scaffolds were integrated by this 
method we described earlier. In the second step, the compounds A were reacted with N,N-
Dimethylformamide dimethyl acetal (DMF-DMA) to give dimethylamino imine derivatives (B). This 
reaction was carried out at the boiling point of dichloromethane for 6 hours. In the third step, the 
compounds B were refluxed with ethyl 4-chloro-3-oxobutanoate in ethanol for 7 hours. After 
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completion of the reaction (checked by TLC), novel β-ketoester compounds containing pyrazole and 
thiazole rings (C) were obtained with reaction yields varying from 82% to 71%. (Table 1). Some 
properties of four novel β-ketoester compounds (C1-C4) are given in the Table 1. 

Table 1.  Some properties of newly synthesized compounds Ca,b,c 

 

C1, 82%; 158-159 ºC C2, 79%; 145-146 ºC C3, 71%; 135-137 ºC C4, 74%, 117-118 ºC 

aReaction conditions: B (1.00 mmol), ethyl 4-chloro-3-oxo butanoate (1.20 mmol), Solvent: ethanol, 7h reflux 
bIsolated yields are shown. 
cMelting points are shown. 

 
The structures of the compounds C were confirmed by its elemental analyses and 

spectroscopic data (FTIR, 1H and 13C NMR). There are two carbonyl groups due to the β-ketoester 
group in these compounds. Because of these ketone and ester groups have different electronic 
environment, the infrared spectrums are quite distinctive for determination of these groups. For 
example, the compound C2 showed absorption bands at 1741, 1635 cm-1 and in the range of 3092-
2868 cm-1 due to ester, ketone groups and aromatic- aliphatic C-H bonds, respectively. In addition, the 
FTIR spectrum of this compound presented C=N and C=C stretching bands in the range of 1612-1500 
cm-1.  

 

Figure 3. Elucidation of the structure of C2 with 1H NMR 
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The 1H NMR spectrum of C2 was recorded in CDCl3. In this spectra, the signal of CH proton 
on the thiazole ring was observed at 7.81 ppm as singlet as shown in Figure 3. In the 1H NMR 
spectrum of this compound gave multiplet signal belonging eight of aromatic CH protons in the range 
of 7.67-7.15 ppm. The 1H NMR spectrum of C2 revealed the methylene protons of ethoxy group at 
4.18 ppm (J=7.1 Hz) as quartet. Characteristic ABX system as three dd, belonging to aliphatic protons 
of pyrazole ring of C2 were seen in the range of 5.68-5.62, 3.96-3.86 and 3.33-3.26 ppm. Also the two 
methyl groups (Ar-CH3) arised at 2.40 and 2.32 ppm as singlet and the methyl protons of ethoxy group 
resonated at 1.25 ppm (J= 7.1 Hz) as triplet signal. In 13C NMR spectrum of C2, the signals of ketone 
and ester groups were observed at 183.1 and 170.0 ppm, respectively. The signals of C=C and C=N 
groups belonging to twelve carbon atoms appeared at 167.2-125.7 ppm. The C5 and C4 carbons of the 
pyrazole ring resonated at 63.4 and 44.0 ppm, respectively. While the signals of ethoxy group 
appeared at 61.5 and 14.1 ppm, the active methylene carbon of β-keto ester group was observed at 
45.8 ppm. Besides, the signals of two Ar-CH3 groups observed at 21.6 and 21.1 ppm. The 
spectroscopic data of the compounds C can be viewed in experimental part and supplementary file. 

As shown in Scheme 1, in the last step, β-ketoester derivatives (C1-C4) were converted into 
the corresponding ethanone derivatives (D1-D4) containing pyrazole and thiazole scaffolds through 
the acidic hydrolysis reaction. This reaction was carried out in acetic acid at the boiling temperature 
for 24 hours. The reaction yields ranged from 68% to 84%. Some properties of four novel ethanone 
compounds (D) are given in the Table 2. 

  
Table 2. Some properties of newly synthesized compounds Da,b,c 

 
   

D1, 84%; 226-227 ºC D2, 76%; 257-258 ºC D3, 74%; 260-261 ºC D4, 68%, 167-168 ºC 

aReaction conditions: C (1.00 mmol), Solvent: acetic acid, 24h reflux 
bIsolated yields are shown. 
cMelting points are shown. 

Looking at Table 2, it appears that the compound D4 is different from the other ethanone 
derivatives. In the compounds D1, D2 and D3, there are diastereotopic protons in pyrazole ring. These 
protons have a different chemical environment because the adjacent carbon atom (C5-pyrazole) is the 
chiral center. Hence, these protons signal in different areas in the form of doublet of doublet in 1H 
NMR analyzes 38, 39. Compound D4 does not also contain diastereotopic protons in pyrazole ring. For 
this reason, the pyrazole sccaffold in this compound has acquired aromaticity. This situation is easily 
seen at 1H NMR analyzes (Figure 4). When the ethanone derivatives (D) were synthesized from the β-
ketoester compounds (C), the ester group disappeared. This condition was very easily diagnosed by 
FT-IR analysis. There is one carbonyl group due to the ketone group in the compounds D. For 
example, the compound D2 showed absorption bands at 1631 cm-1 and in the range of 3033-2918 cm-1 
due to ketone group and aromatic-aliphatic CH bonds, respectively. In addition, the FTIR spectrum of 
this compound presented C=N and C=C stretching bands in the range of 1593-1502 cm-1. The 1H 
NMR and 13C NMR spectrums of D2 were recorded in DMSO-d6. In the 1H NMR spectra, the signal 
of CH proton on the thiazole ring was observed at 7.75 ppm as singlet. Compound D2 gave multiplet 
signal belonging eight of aromatic CH protons in the range of 7.66-7.15 ppm. H4a, H4b and H5 of 
pyrazole ring gave an typical ABX system as three dd. A singlet signal arised at 2.40 pmm due to two 
methyl group protons attached to the aromatic ring (CH3). Also, the signal of methyl protons attached 
to the carbonyl group (-COCH3) was observed at 2.31 ppm as singlet. The ethoxy group is removed 
from the structure, while β-ketoester compounds (C) are converted into ethanone derivatives (D). This 
is evidenced by the disappearance of triplet and quadruple splits of the ethyl group in the synthesized 
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compounds D. The 1H NMR data of the compounds D1, D2 and D3 containing diastereotopic protons 
are compatible with each other. J values (Jgem, Jtrans, Jcis) of these compounds are given in the Table 3. 
In the 13C NMR spectrum of D2 was observed the signal of ketone group at 189.4 ppm. The signals of 
C=C and C=N groups belonging to twelve carbon atoms appeared in the range of 169.7 -125.7 ppm. In 
the 13C NMR spectra, the C5 and C4 carbons of the pyrazole ring resonated at 63.4 and 44.0 ppm, 
respectively. Also, the signals of methyl group attached to the carbonyl group (-COCH3) and two 
methyl groups attached to the aromatic ring (2 x CH3) appeared at 26.0, 21.5 and 21.1 ppm, 
respectively. In the compounds D, the signals of the carbon atoms of the ethyl group and the active 
methylene group are not observed in 13C NMR analysis.  

 

 

Figure 4. Definition of the diastereotopic protons in the synthesis of the compounds C4 and D4 

Table 3. J values of diastereotopic protons (Hz) in the compounds D1, D2 and D3 

Title Molecular structure C5H-pyrazole (1H) C4H-pyrazole (1H) C4H-pyrazole (1H) 

D1 

 

5,77 (dd, Jtrans=5,0 Hz, 

Jcis=11,7 Hz) 

4,10 (dd, Jgem=18,1 Hz, 

Jcis=11,8 Hz) 

in DMSO-d6 

(dd, 1H, C4H-pyrazole) 

D2 

 

5,65 (dd, Jtrans=5,1 Hz, 

Jcis=11,8 Hz) 

3,90 (dd, Jgem=17,6 Hz, 

Jcis=11,7 Hz) 

3,28 (dd, Jgem=17,6 Hz, 

Jtrans=5,1 Hz) 

D3 

 

5,69 (dd, Jtrans=5,3 Hz, 

Jcis=11,9 Hz) 

3,93 (dd, Jgem=17,6 Hz, 

Jcis=11,9 Hz) 

3,26 (dd, Jgem=17,6 Hz, 

Jtrans=5,4 Hz) 
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Figure 5. Optimized structure of D1 calculated by Gaussian 03 sofware 40. 

We calculated the optimized structure of D1 by Gaussian 03 software 40 (Figure 4). It easily 
seen that from the Figure 5, dihedral angle of H4a-H5 is 126.3o and H4b-H5 is 6.8o. The relationship 
between the dihedral angle (ø) of the groups in the compounds and the coupling constant (3JH–H)  is 
expressed by Martin Karplus 41,42. According to Karplus curve, Jcis vicinal proton-proton coupling 
constants is higher than Jtrans in our synthesized compound. 

Experimental conditions are completely identical in the synthesis of ethanone derivatives (D1-
D4) from β-ketoester compounds (C1-C4). However, the synthesized compound D4 differs from the 
compounds D1, D2 and D3. This situation is thought to originate from the starting compounds C. 
Looking at the compounds C1-C4, there are four different substituent groups in the aromatic rings 
attached to the pyrazole scaffold. These are the groups H, CH3, Cl and OCH3, respectively. When 
looking at the compound C4, there is a methoxy group which is p- substituted group. While the 
methoxy group increases the electron density of the ring aromatic more than H and CH3, the chlorine 
group reduces the electron density of the aromatic ring 43.  

 

 

Scheme 2. A suggested mechanism for the formation of D4 

The reaction was accomplished under open air condition. The presence of the methoxy group 
allows the aerobic oxidation of the pyrazole ring to elimination. The reaction proceeded via a 
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mechanism which proposed by Jin Yu et al. 44. Furthermore, the aromatic structure (D4) is a more 
stable form than the pyrazoline ring. 

4. Conclusion 

We herein developed a simple method for the synthesis of novel hybride compounds 
containing pyrazole and thiazole ring giving excellent yields of the products (68-84%) under reflux 
conditions. Structures of the synthesized compounds were confirmed through elemental analysis, 
FTIR and NMR techniques. These compounds are important reactive molecules that can be used in the 
synthesis of new heterocyclic compounds with their functional groups. While the compounds C 
contain a ketoester group, the compounds D are a derivative of ethanone containing acetyl group. 
Therefore, β-ketoester compounds (C) are important compounds used in ring closure reactions. The 
compounds also can react in a number of ways via the methyl group. It is also an advantage that the 
target molecules contain biologically active pyrazole and thiazole scaffolds. As a result, the 
compounds C and D which are novel and functional molecules can be used easily through continued 
reactions in the synthesis and design of new biologically active compounds. 
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