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INTRODUCTON 

Cancer is going to be the leading cause of death 

worldwide and affects about one third of people 

during their lives. Despite notable advances have 

been made in detection, prevention and treatment of 

cancer diseases, but one-half of cancer patients do 

not respond to therapy or relapse following initial 

response1. However, chemotherapy is still one of 

the primary bases for the treatment of cancer 

diseases. Due to the undesirable side effects of 

chemotherapeutic agents and emergence of drug 

resistance, there is an urgent need for developing 

new chemotherapeutic agents with more potent anti-

tumor activity and high therapeutic index2. The 

pyrazoline scaffold represents a common motif in 

many pharmaceutical actively and remarkable 

ABSTRACT 

One-pot reaction for the synthesis of arylidene derivatives of 4, 5-dihydropyrazol-1-yl) thiazol-4(5H)-one (4a-d) 

involving reaction of 4, 5-dihydropyrazole-1-carbothioamide derivatives (3a-d) with chloroacetic acid and 

benzaldehyde in the presence of fused sodium acetate in refluxing acetic acid has been described. The synthesized 

compounds were characterized by microanalytical and spectral methods (MASS, FT-IR, and 1H NMR) and were 

assessed for the anticancer activity using Sulfo-Rhodamine-B stain assay. 
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compounds demonstrating a wide range of 

interesting biological activities3-10. 

Moreover, literature survey has investigated the 

worthy of pyrazoline derivatives as anticancer 

against different human cancer cells11-23. 

Moreover, some of the pyrazoline derivatives had 

the cytotoxic activities against different human 

cancer cells. 

On the other hand, different literature surveys 

demonstrated that numerous derivatives carrying 

thiazolinone moiety produce wide pharmacological 

activities specially, as anticancer potency24-29.  

In view of these facts, it was rationalized to 

synthesize and investigate the anticancer activity of 

the target compounds by combination of pyrazoline 

and thiazolidine moieties with placing different 

substituent's at position 4 of the pyrazoline moiety 

and introduction of arylidene in position 5 of 

thiazolinone moiety, aiming that these combinations 

may show enhanced anticancer activity. 

 

MATERIAL AND METHODS  

Chemistry  
All chemicals and reagents used in the reactions 

were procured from Sigma-Aldrich and Fisher with 

purity 98% and used without further purification. 

The purification of the synthesized compounds was 

performed by recrystallization with appropriate 

solvent system. Melting points were determined on 

a Stuart melting point apparatus (Stuart Scientific, 

Redhill, UK) and are uncorrected. The IR spectra 

(KBr, cm-1) were recorded on Shimadzu IR 110 

spectrophotometer (Shimadzu, Koyoto, Japan). 1H-

NMR spectra were recorded on a Bruker proton 

NMR-300 (300 MHz) (Bruker, Munuch, Germany), 

in DMSO-d6 as a solvent, using tetramethylsilane 

(TMS) as internal standard (chemical shift in ppm). 

Mass spectra were determined using a GC/MS Mat 

112 S at 70ev spectrometer. Elemental analysis (C, 

H, N) were performed on Perkin-Elmer 2400 

analyzer (Perkin-Elmer, Norwalk, CT, USA) at the 

microanalytical laboratories of the Faculty of 

Science, Cairo University. All compounds were 

within ± 0.4% of the theoretical values. All 

reactions were monitored by thin layer 

chomatograph (TLC) using precoated aluminum 

sheets Silica gel Merck 60 F254 and were 

visualized by UV lamp (Merck, Damstadt, 

Germany). 

General Procedure for synthesis of 1-(2-hydroxy-

4-methylphenyl)-3-(4-substituted-phenyl) prop-2-

en-1-one (2a-d) 

To a stirred solution of compound 1 (1mmol), 

appropriate aromatic aldehyde (1.1mmol), ethanol 

(30ml) and 30% NaOH (4ml) were added and the 

reaction mixture was stirred at room temperature for 

24 hour. The mixture obtained was neutralized 

using dil HCl to give precipitate that were filtrated 

and washed carefully with water and dried. The 

resulting chalcones (2a-d) were purified by 

crystallization from ethanol. 

1-(2-Hydroxy-4-methylphenyl)-3-phenylprop-2-

en-1-one (2a) 

Yield 67%; m.p. 90-92°C; IR (KBr, cm-1): 3423 

(OH), 3088 (CH str), 1635(C=O). 1H-NMR 

(DMSO-d6) δ (ppm): 10.23 (s, 1H, OH), 8.63-6.45 

(m, 10H, 2H, CH=CH, 8H-Ar), 2.34 (s, 3H, CH3). 

Mass m/z: 238 (M+). Anal calcd for C16H14O2: C, 

80.65; H, 5.92; Found: C, 80.45; H, 6.09. 

3-(4-Chlorophenyl)-1-(2-hydroxy-4-

methylphenyl) prop-2-en-1-one (2b) 

Yield 73%; m.p. 108-110°C; IR (KBr, cm-1): 3425 

(OH), 3095 (CH str), 1640(C=O). 1H-NMR 

(DMSO-d6) δ (ppm): 11.43 (s, 1H, OH), 8.22-6.83 

(m, 9H, 2H, CH=CH, 7H-Ar), 2.35 (s, 3H, CH3). 

Mass m/z: 272 (M+). Anal calcd for C16H13ClO2: C, 

70.46; H, 4.80; Found: C, 70.71; H, 4.54. 

1-(2-Hydroxy-4-methylphenyl)-3-(4-

methoxyphenyl) prop-2-en-1-one (2c) 

Yield 70%; m.p. 127-129°C; IR (KBr, cm-1): 3444 

(OH), 3105 (CH str), 1642(C=O). 1H-NMR 

(DMSO-d6) δ (ppm): 11.98 (s, 1H, OH), 8.74-6.63 

(m, 9H, 2H, CH=CH, 7H-Ar), 3.94 (s, 3H, OCH3), 

2.32 (s, 3H, CH3). Mass m/z: 268 (M+). Anal calcd 

for C17H16O3: C, 76.10; H, 6.01; Found: C, 76.47; 

H, 6.32. 

3-(4-(Dimethylamino) phenyl)-1-(2-hydroxy-4-

methylphenyl) prop-2-en-1-one (2d) 

Yield 62%; m.p. 115-117°C; IR (KBr, cm-1): 

3420(OH), 3080 (CH str), 1641(C=O). 1H-NMR 

(DMSO-d6) δ (ppm): 12.29 (s, 1H, OH), 8.19-6.75 

(m, 9H, 2H, CH=CH, 7H-Ar), 3.34 (s, 6H, 
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N(CH3)2), 2.34 (s, 3H, CH3). Mass m/z: 281 (M+). 

Anal calcd for C18H19NO2: C, 76.84; H, 6.81; N, 

4.98; Found: C, 76.99; H, 6.63; N, 5.35. 

General Procedure for synthesis of 3-(2-hydroxy-

4-methylphenyl)-5-(substitutedphenyl-4, 5-

dihydro-1H-pyrazole-1-carbothioamide (3a-d) 

To mixture of chalcone derivative 2a-d (10mmol), 

thiosemicarbazide (10mmol), and 10% NaOH 

(0.025mol, 10ml) and refluxed in ethanol (25ml) for 

8-12 hrs. The resulting mixture was cooled and 

poured into ice-water to obtain precipitate which is 

filtered, dried and recrystallized from ethanol. 

3-(2-Hydroxy-4-methylphenyl)-5-phenyl-4, 5-

dihydropyrazole-1-carbothioamide (3a) 

Yield 84%; m.p. 162-164°C; IR (KBr, cm-1): 

3420(OH), 3220 (NH) 3080 (CH str), 1296(C=S). 
1H-NMR (DMSO-d6) δ (ppm): 11.45 (s, 1H, OH), 

7.85 (s, 2H, NH2, exch. with D2O), 7.39-6.60 (m, 

10H-Ar), 5.41 (dd, 1H, C5-pyrazoline), 3.22 (dd, 

1H, C4-pyrazoline), 3.21 (dd, 1H, C4-pyrazoline), 

2.50 (s, 3H, CH3). Mass m/z: 311 (M+). Anal calcd 

for C17H17N3O2S: C, 65.57; H, 5.50; N, 13.49; 

Found: C, 65.87; H, 5.81; N, 13.35. 

5-(4-Chlorophenyl)-3-(2-hydroxy-4-

methylphenyl)-4, 5-dihydropyrazole-1-

carbothioamide (3b) 

Yield 85%; m.p. 195-197°C; IR (KBr, cm-1): 

3430(OH), 3228 (NH) 3089 (CH str), 1295 (C=S). 
1H-NMR (DMSO-d6) δ (ppm): 12.39 (s, 1H, OH), 

7.85 (s, 2H, NH2, exch. with D2O), 7.42-6.70 (m, 

9H-Ar), 5.43 (dd, 1H, C5-pyrazoline), 3.24 (dd, 1H, 

C4-pyrazoline), 3.20 (dd, 1H, C4-pyrazoline), 2.51 

(s, 3H, CH3). Mass m/z: 345 (M+). Anal calcd for 

C17H16ClN3OS: C, 59.04; H, 4.66; N, 12.15; Found: 

C, 59.35; H, 4.84; N, 11.97. 

3-(2-Hydroxy-4-methylphenyl)-5-(4-

methoxyphenyl)-4, 5-dihydropyrazole-1-

carbothioamide (3c) 

Yield 86%; m.p. 211-213°C; IR (KBr, cm-1): 3445 

(OH), 3223 (NH) 3099 (CH str), 1296 (C=S). 1H-

NMR (DMSO-d6) δ (ppm): 11.30 (s, 1H, OH), 7.85 

(s, 2H, NH2, exch. with D2O), 7.44-6.66 (m, 9H-

Ar), 5.40 (dd, 1H, C5-pyrazoline), 3.73 (s, 3H, 

OCH3), 3.24 (dd, 1H, C4-pyrazoline), 3.20 (dd, 1H, 

C4-pyrazoline), 2.51 (s, 3H, CH3). Mass m/z: 341 

(M+). Anal calcd for C18H19N3O2S: C, 63.32; H, 

5.61; N, 12.31; Found: C, 63.56; H, 5.54; N, 12.63. 

5-(4-(Dimethylamino) phenyl)-3-(2-hydroxy-4-

methylphenyl)-4, 5-dihydropyrazole-1-

carbothioamide (3d) 

Yield 73%; m.p. 183-185°C; IR (KBr, cm-1): 3430 

(OH), 3227 (NH) 3090 (CH str), 1296 (C=S). 1H-

NMR (DMSO-d6) δ (ppm): 10.30 (s, 1H, OH), 7.85 

(s, 2H, NH2, exch. with D2O), 7.49-6.68 (m, 9H-

Ar), 5.40 (dd, 1H, C5-pyrazoline), 3.37 (s, 6H, 

N(CH3)2), 3.24 (dd, 1H, C4-pyrazoline), 3.20 (dd, 

1H, C4-pyrazoline), 2.51 (s, 3H, CH3). Mass m/z: 

345 (M+). Anal calcd for C19H22N4OS: C, 64.38; H, 

6.26; N, 15.81; Found: C, 64.71; H, 6.43; N, 16.04. 

General Procedure for synthesis of 5-

benzylidene-2-(5-(4-substitutedphenyl)-3-(2-

hydroxy-4-methylphenyl)-4, 5-dihydropyrazol-1-

yl) thiazol-4(5H)-one (4a-d) 

A mixture of the respective 3a-d (2mmol), 

chloroacetic acid (0.19g, 2mmol), anhydrous 

sodium acetate (0.17g, 2mmol), and the appropriate 

aromatic aldehyde (2.4mmol) in glacial acetic acid 

(10ml) was heated under reflux for 15 hours. The 

reaction mixture was cooled and poured gradually 

into crushed ice. The resulting solid product was 

filtered and recrystallized from a acetic acid-water. 

5-benzylidene-2-(3-(2-hydroxy-4-methylphenyl)-

5-phenyl-4, 5-dihydropyrazol-1-yl) thiazol-

4(5H)-one (4a) 

Yield 79%; m.p. 251-253°C; IR (KBr, cm-1): 

3470(OH), 3224 (NH) 3100 (CH str), 1695 (C=O). 
1H-NMR (DMSO-d6) δ (ppm): 11.38 (s, 1H, OH), 

8.12-6.70 (m, 14H, 13H, Ar-H and 1H, 

benzylidene), 5.85 (dd, 1H, C5-pyrazoline), 3.77 

(dd, 1H, C4-pyrazoline), 3.71 (dd, 1H, C4-

pyrazoline), 2.51 (s, 3H, CH3). Mass m/z: 439 (M+). 

Anal calcd for C26H21N3O2S: C, 71.05; H, 4.82; N, 

9.56; Found: C, 71.32; H, 4.62; N, 9.85.  

5-benzylidene-2-(5-(4-chlorophenyl)-3-(2-

hydroxy-4-methylphenyl)-4, 5-dihydropyrazol-1-

yl) thiazol-4(5H)-one (4b) 

Yield 80%; m.p. 223-225°C; IR (KBr, cm-1): 

3476(OH), 3220 (NH) 3996 (CH str), 1695 (C=O). 
1H-NMR (DMSO-d6) δ (ppm): 12.02 (s, 1H, OH), 

8.08-6.65 (m, 13H, 12H, Ar-H and 1H, 

benzylidene), 5.80 (dd, 1H, C5-pyrazoline), 3.75 
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(dd, 1H, C4-pyrazoline), 3.70 (dd, 1H, C4-

pyrazoline), 2.50 (s, 3H, CH3). Mass m/z: 473 (M+). 

Anal calcd for C26H20ClN3O2S: C, 65.89; H, 4.25; 

N, 8.87; Found: C, 65.59; H, 4.47; N, 8.75. 

5-benzylidene-2-(3-(2-hydroxy-4-methylphenyl)-

5-(4-methoxyphenyl)-4, 5-dihydropyra-zol-1-yl) 

thiazol-4(5H)-one (4c) 

Yield 77%; m.p. 204-206°C; IR (KBr, cm-1): 

3456(OH), 3231 (NH) 3991 (CH str), 1693 (C=O). 
1H-NMR (DMSO-d6) δ (ppm): 12.02 (s, 1H, OH), 

8.04-6.60 (m, 13H, 12H, Ar-H and 1H, 

benzylidene), 5.80 (dd, 1H, C5-pyrazoline), 3.94 (s, 

3H, OCH3), 3.73 (dd, 1H, C4-pyrazoline), 3.69 (dd, 

1H, C4-pyrazoline), 2.51 (s, 3H, CH3). Mass m/z: 

469 (M+). Anal calcd for C26H20ClN3O2S: C, 69.06; 

H, 4.94; N, 8.95; Found: C, 69.35; H, 4.67; N, 9.13. 

5-benzylidene-2-(5-(4-(dimethylamino) phenyl)-

3-(2-hydroxy-4-methylphenyl)-4, 5-

dihydropyrazol-1-yl) thiazol-4(5H)-one (4d) 

Yield 68%; m.p. 168-170°C; IR (KBr, cm-1): 3470 

(OH), 3222 (NH) 3989 (CH str), 1694 (C=O). 1H-

NMR (DMSO-d6) δ (ppm): 11.89 (s, 1H, OH), 8.45-

6.79 (m, 13H, 12H, Ar-H and 1H, benzylidene), 

5.78 (dd, 1H, C5-pyrazoline), 3.37 (s, 6H, 

N(CH3)2), 3.71 (dd, 1H, C4-pyrazoline), 3.84 (dd, 

1H, C4-pyrazoline), 3.35 (s, 6H, N(CH3)2), 2.51 (s, 

3H, CH3). Mass m/z: 482 (M+). Anal calcd for 

C26H20ClN3O2S: C, 69.69; H, 5.43; N, 11.61; 

Found: C, 69.51; H, 5.71; N, 11.40. 

In vitro anticancer activity 

The in vitro anticancer activity was measured for 

the synthesized compounds (3a-d) and (4a-d) on 

human colon cancer cell line (HCT-116) using the 

Sulfo-Rhodamine-B stain (SRB) assay30. The in 

vitro anticancer screening was done by the 

pharmacological unit at the national cancer institute, 

Cairo University. 

Cells were plated in 96-multiwell microtiter plate 

(104cells/well) for 24hour before treatment with the 

test compound to allow attachment of cells to the 

wall of the plate. Test compounds were dissolved in 

DMSO and diluted with saline to the appropriate 

volume. Different concentrations of the compound 

under test (0, 5, 12.5, 25, and 50µg/ml) were added 

to the cell monolayer. Triplicate wells were 

prepared for each individual dose. Monolayer cells 

were incubated with the tested compounds for 48 h 

at 37ºC and in an atmosphere of 5% CO2. After 48 

hour, cells were fixed, washed, and stained for 30 

min with 0.4% (wt/vol) SRB dissolved in 1% acetic 

acid. Excess unbound dye was removed by four 

washes with 1% acetic acid and attached stain was 

recovered with Tris-EDTA buffer. Color intensity 

was measured in an ELISA reader at a wavelength 

of 570nm. The relation between surviving fraction 

and drug concentration is plotted to get the survival 

curve for breast tumor cell line after the specified 

time. The molar concentration required for 50% 

inhibition of cell viability (IC50) was calculated. 

Doxorubicin was used as reference drug. The results 

are listed in (Table No.1). 

 

RESULTS AND DISCUSSION 

Chemistry 

The synthetic route employed in the synthesis of the 

targeted compounds is represented in Scheme No.1 

and Scheme No.2. 4-Methyl-2-

hydroxyacetophenone (1) was obtained according 

the reported methods31-33 .   

The chalcone derivatives (2a-d) were prepared by 

Claisen-Schmidt condensation of the 4-methyl-2-

hydroxyacetophenone (1) with appropriate aromatic 

aldehydes in 30% ethanolic NaOH solution34,35. 

The structures of all the synthesized compounds 

were confirmed by their microanalytical and 

spectral data. The IR spectra of the compounds   

(2a-d) showed appearance of bands around 1640 

cm-1 attributed to the α, β-unsaturated carbonyl 

group. 1H NMR spectra for compounds (2a-d) 

showed the appearance of the H-α and H-β protons 

of chalcones that occur aromatic protons in the 

ranges 6.45-8.74ppm.  

Chalcone derivatives 2a-d allowed to react with 

thiosemicarbazide in 10% ethanolic NaOH to 

furnish the corresponding 4, 5-dihydropyrazole-1-

carbothioamide derivatives 3a-d36. 

The IR spectra of compounds (3a-d) showed 

appearance of bands around 3225 1295cm-1 

attributed to the (NH2) and (C=S) groups 

respectively. 1H NMR spectra for compound (3a-d) 

showed the appearance of three doublet of doublets 

around 5.40, 3.24 and 3.20ppm for pyrazoline 
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protons at carbon-5, carbon-4, and carbon-4 

respectively. In addition, 1H NMR spectra for 

compounds (3a-d) showed the appearance of amino 

protons as singlet at 7.85ppm. The compounds 4a-d 

were obtained from 4, 5-dihydropyrazole-1-

carbothioamide derivatives (3a-d) in two 

consecutive steps involving cyclization with 

chloroacetic acid in the presence of and fused 

sodium acetate in refluxing acetic acid to give the 

intermediate 4, 5-dihydropyrazol- 1-yl) thiazol-

4(5H)-ones followed by condensation with different 

benzaldehyde37. Alternatively, arylidene derivatives 

of 4, 5-dihydropyrazol-1-yl) thiazol-4(5H)-one (4a-

d) were prepared by one-pot synthesis involving 

reaction of 4,5-dihydropyrazole-1-carbothioamide 

derivatives (3a-d) with chloroacetic acid and 

benzaldehyde in the presence of fused sodium 

acetate in refluxing acetic acid38. 

The IR spectra of compounds (4a-d) showed 

appearance of bands around 1694cm-1 attributed to 

(C=O) group, alongside with disappearance of 

bands of the (NH2) and (C=S) groups. 1H NMR 

spectra for compound (4a-d) showed the appearance 

of the benzylidene protons at aromatic region and 

disappearance of singlet of amino protons.  

In vitro anticancer activity 
The compounds 3a-d and 4a-d were evaluated for 

their in vitro cytotoxic activity against human colon 

cancer cell line (HCT-116). 

Doxorubicin, which is one of the most effective 

anti-cancer agents, was used as a reference drug in 

this study. The relationship between surviving 

fraction and drug concentration was plotted to 

obtain the survival curve of human colon cancer cell 

line (HCT-116). The response parameter calculated 

was the IC50 value, which corresponds to the 

concentration required for 50% inhibition of cell 

viability. Table No.1 showed the in vitro cytotoxic 

activity of the compounds 3a-3d and 4a-d, where 

compounds exhibited moderate to good activity 

compared to the reference drug.  

 

 

 

 

 

From the results in Table No.1, it was found that the 

p-chloro derivative 3b (IC50 = 0.055µM/ml) and the 

p-methoxy derivative 3c (IC50 = 0.058µM/ml) of 

the 4, 5-dihydropyrazole-1-carbothioamides 

exhibited good cytotoxic activities when compared 

with the reference drug doxorubicin (IC50 = 

0.010µM/ml). While unsubstituted derivative 3a 

(IC50 = 0.055µM/ml) and dimethylamino derivative 

3d (IC50 = 0.055µM/ml) showed lower IC50 values 

than that of the reference drug. 

On the other hand, the cyclization of 3a-d into to the 

corresponding 4, 5-dihydropyrazol-1-yl) thiazol-

4(5H)-one with introduction of arylidene 4a-d 

resulted in increasing the cytotoxic activity in all 

compounds with IC50 ranges 0.013-0.127µM/ml. 

The p-methoxy derivative 4c (IC50 = 0.018µM/ml) 

showed slightly lower IC50 values than that of the 

reference drug. While, the p-chloro derivative 4b 

(IC50 = 0.013µM/ml) is nearly as active as the 

reference drug doxorubicin (IC50 = 0.010µM/ml). 
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Table No.1: In vitro cytotoxic activity of the compounds 3a-d and 4a-d 

S.No Compound No. IC50 (µM/ml) Compound No. IC50 (µM/ml) 

1 3a 0.210 4a 0.127 

2 3b 0.055 4b 0.013 

3 3c 0.058 4c 0.018 

4 3d 0.153 4d 0.045 

5 Doxorubicin 0.010 Doxorubicin 0.010 

 

 
Scheme No.1: General Procedure for synthesis of Compounds 3a-d 

 
Scheme No.2: General Procedure for the synthesis of Compounds 4a-d 
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CONCLUSION 

It can be concluded that the present work for the 

synthesis of arylidene derivatives of 4, 5-

dihydropyrazol-1-yl) thiazol-4(5H)-one (4a-d) via 

cyclization and condensation is simple and one pot 

reaction synthesis. The compounds (3a-d) and (4a-

d) displayed moderate to good anticancer activity 

with the best compound 4b which was nearly 

similar to the reference drug doxorubicin. 
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