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Abstract: 

Under conventional, grinding and microwave methods, reaction of 3-methyl-1H-pyrazol-5-one 1 with benzene diazonium 

chloride, 4-carboxybenzenediazonium chloride and nitrous acid furnished the diazenyl derivatives 2, 3 and 5, respectively. 

Reaction of compound 3 with salicyladehyde and compound 5 with malononitrile followed by hydrazine hydrate afforded 

compounds 4, 6 and 7, respectively. Compound 1 was converted to 4-bromopyrazolone 8, which when allowed to react with 

urea, thiourea, o-phenylenediamine, 2-amino-3-hydroxypyridine and 2-amino-5-methylpheno furnished 4-aminopyrazolone 9-

13, respectively. While its reaction with p-phenylenediamine in 1:2 ratio gave bis-pyrazole derivative 14. Also, the reaction of 

compound 1 toward thiosemicarbazide, thiourea, urea and guanidine hydrochloride gave the pyrazole derivatives 15, 16, 20 

and 21, respectively. The reaction of compound 16 with benzaldehyde gave Schiff base 17, while its reaction with ethyl 

chloroacetate gave the thioxoimidazolidinone derivative 18, which on reaction with thiosemicarbazide afforded 

imidazotriazolothione derivative 19. Also, the reactivity of pyrazole 21 reacted with salicyladehyde and o-chloro benzaldehyde 

was investigated to afford the corresponding Schiff base 22 and 23, respectively. These entire novel scaffolds have been proofed 

using Elemental analysis, spectral data including IR, 1H-NMR in addition to 13C-NMR, and mass spectra. These new scaffolds 

were screened for in vitro antimicrobial and cytotoxic activities. Most analogs revealed excellent to good results. 
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1. Introduction: 

Pyrazole, pyrazolone and their fused derivatives are 

considered one of the most important heterocyclic compounds 

containing at least two nitrogen atoms which due to their 

biological and pharmacological activities and their 

application in industrial chemistry [1-3]. Pyrazole and 

pyrazolone are reported as antiviral [4, 5], antagonist [6], 

antimicrobial [7, 8], antibacterial [9, 10], anticancer [11, 12], 

anti-inflammatory [13, 14], analgesic [15], anthelmintic [16, 

17], herbicidal [18], acaricidal and insecticidal [19], 

antimitotic [20], and antioxidant activities [21, 22].  

It was observed that microwave irradiation and grinding 

methods were practically superior to conventional heating 

method since they showed improvement in the yield and the 

time of the reactions and also they were considered as green 

chemistry. [23, 24] On the other hand, bacteria and fungi are 

liable for several illnesses, most of which have public health 

concerns around the world.  

From these findings and as continuous of our recent studies 

[25-31], this work aimed to investigate the behavior and 

reactivity of the 3-methyl-1H-pyrazol-5-one 1 [32] toward 

some carbon and nitrogen nucleophiles under different 

aspects in order to prepare novel heterocyclic compounds. On 

the other hand, comparison between conventional, grinding 

and microwave methods by using different physical tools as 

YE, OE, AE, and RME. Elemental analyses together with 

spectroscopic data (IR, 1H-NMR, 13C-NMR, and mass 

spectra) submit proofs for the structures for all prepared 

compounds. The newly synthesized compounds were tested 

as antibacterial against two gram-positive (S. aureus, B. 

subtilis) and two gram-negative bacteria, (E. coli, P. 

aeuroginosa). The antifungal of the compounds were tested 

against two fungi (C. albicans, A. flavus). The newly 

compounds were tested also as anticancer agents against 

colorectal carcinoma (HCT-116) and mammary gland breast 

cancer (MCF-7). 

2.  Experimental  

2.1.  Synthesis: 

All chemicals, starting materials, solvents and reagents 

were purchased from Sigma Aldrich, the solvents were dried 

to use by the handbook Purification of Laboratory Chemicals. 

Thin layer chromatography (TLC) was carried out for the 

monitoring of the progress of all reactions and homogeneity 

of the synthesized compounds, TLC was performed on pre-

coated silica gel plates (Merck Kiesel gel 60F254, BDH). All 

melting points were determined on a digital Stuart SMP3 

electric melting point apparatus and are uncorrected. 
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Microwave reactor Anton Paar (monowave 300) was used for 

microwave irradiation 9reactions using borosilicate glass 

vials of 10 mL. Infrared (IR) spectra were measured on 

PerkinElmer 293 spectrophotometer (cm-1) using KBr disks. 
1H-NMR and 13C-NMR spectra were measured on Varian 

Mercury 300 MHz spectrometer in DMSO-d6 as a solvent 

using tetramethylsilane as an internal standard. Multiplicity is 

denoted as s (singlet), d (doublet), t (triplet), q (quartet), m 

(multiple) or combinations thereof. Chemical shift (δ) is 

measured in ppm and coupling constants (J) in Hz. The mass 

spectra were recorded on a GC-2010 Shimadzu Gas 

chromatography instrument mass spectrometer (70 eV) using 

the electron ionization technique. Elemental microanalyses 

(C, H, N) were performed on a PerkinElmer CHN-2400 

analyzer and the microanalyses were found to be in good 

agreement within ±0.4% of the theoretical values. 

2.1.2. Formation of 5-Methyl-4-(phenyldiazenyl)-2,4-

dihydro-3H-pyrazol-3-one (2) 

Aniline (0.93 mL, 0.01 mol.) was dissolved in a mixture of 

concentrated HCl (5 mL) and water (5 mL) and cooled to 0–

5°C in an ice bath. A cold aqueous solution of sodium nitrite 

(0.68g, 0.01 mol.) was added under stirring. The formed 

diazonium salt was filtered into a cold solution of sodium 

acetate (4 g) and compound 1 (0.98 g, 0.01 mol.) in ethanol 

(25 mL) was added under stirring for 2 h. The product was 

filtered off and recrystallized from ethanol (50%) to afford 

compound 2. 

Orange crystal; m.p. 178-180 OC. IR (cm-1) ʋ: 3143 (NH), 

1662 (C=O), 1592 (C=N), 1544 (N=N). 1H-NMR (300MHz, 

DMSO-d6) δ (ppm): 1.28 (s, 1H, CH), 2.11 (s, 3H, CH3), 7.17-

7.45 (m, 5H, Ar-H), 11.52 (s, 1H, NH, D2O exchangeable). 
13C-NMR (300MHz, DMSO-d6) δ (ppm): 12.1 (CH3), 66.4 

(CH), 126.3 (CH-Ar), 127.4 (CH-Ar), 128.6 (CH-Ar), 130.2 

(CH-Ar), 133.8 (CH-Ar), 149.2 (C-Ar), 155.2 (C=N), and 

167.0 (C=O). MS (m/z): 202 (M+, 9.89%). Anal. Calcd for 

C10H10N4O (202): C, 59.41; H, 4.95; N, 27.73. Found: C, 

59.24; H, 5.13; N, 27.66. 

2.1.3 Formation of 4-((3-Methyl-5-oxo-4,5-dihydro-1H-

pyrazol-4-yl)diazenyl)benzoic acid (3) 

4-Aminobenzoic acid (1.73 g, 0.01 mol.) was dissolved in 

a mixture of concentrated HCl (5 mL) and water (5 mL) and 

cooled to 0–5 °C in an ice bath. A cold aqueous solution of 

sodium nitrite (0.68g, 0.01 mol.) was added under stirring. 

The formed diazonium salt was filtered into a cold solution of 

sodium acetate (4 g) and compound 1 (0.98 g, 0.01 mol.) in 

ethanol (25 mL) under stirring for 4 h. The product was 

filtered off and recrystallized from ethanol (50%) to give 

compound 3. 

Yellow crystal; m.p. > 300 OC. IR (cm-1) ʋ: 3391 (OH), 

3257 (NH), 1670, 1664 (C=O), 1605 (C=N), 1539 (N=N). 1H-

NMR (300MHz, DMSO-d6) δ (ppm): 1.22 (s, 1H, CH), 2.15 

(s, 3H, CH3), 7.57-7.96 (m, 4H, Ar-H), 11.61 (s, 1H, NH, D2O 

exchangeable), 12.05 (s, 1H, OH, D2O exchangeable). 13C-

NMR (300MHz, DMSO-d6) δ (ppm): 11.7 (CH3), 66.9 (CH), 

125.2 (CH-Ar), 127.1 (CH-Ar), 129.7 (CH-Ar), 132.8 (CH-

Ar), 146.3 (C-Ar), 151.4 (C-Ar), 156.3 (C=N), 163.0 (C=O), 

and 172.3 (COOH). MS (m/z): 246 (M+, 69.74%). Anal. Calcd 

for C11H10N4O3 (246): C, 53.66; H, 4.07; N, 22.76. Found: C, 

53.49; H, 4.27; N, 22.69. 

2.1.4. Formation of 4-((3-(2-Hydroxystyryl)-5-oxo-4,5-

dihydro-1H-pyrazol-4-yl)diazenyl)benzoic acid (4) 

A mixture of compound 3 (2.46 g, 0.01 mol.), 

salicyladehyde (1.22 mL, 0.01 mol.), potassium hydroxide 

(0.56 g, 0.01 mol.) in ethanol (30 mL) was refluxed for 2h.The 

solid formed while heating was collected by filtration, washed 

with ethanol and recrystallized from methanol to produce 

compound 4. 

Greenish brown crystal; m.p. > 300 OC. IR (cm-1) ʋ: 3440, 

3373 (OH), 3209 (NH), 1727, 1671 (C=O), 1599 (C=N), 1574 

(C=C), 1544 (N=N). 1H-NMR (300MHz, DMSO-d6) δ (ppm): 

1.18 (s, 1H, CH), 6.96-7.96 (m, 10H, Ar-H), 8.94 (s, 1H, OH, 

D2O exchangeable), 11.42 (s, 1H, NH, D2O exchangeable), 

12.09 (s, 1H, COOH, D2O exchangeable). 13C-NMR 

(300MHz, DMSO-d6) δ (ppm): 69.3 (CH3), 115.5 (CH-Ar), 

116.7(CH-Ar), 127.5 (CH-Ar), 128.7 (CH-Ar), 130.5(CH-

Ar), 130.8 (2*CH-Ar), 131.5 (CH-Ar), 133.1 (CH-Ar), 133.7 

(CH-Ar), 147.1 (C-Ar), 148.0(C-Ar), 152.1 (C-Ar), 154.9 (C-

Ar), 158.7 (C=N), 166.9 (C=O), and 169.3 (C=O). MS (m/z): 

350 (M+, 27.52%). Anal. Calcd for C18H14N4O4 (350): C, 

61.71; H, 4.00; N, 16.00. Found: C, 61.55; H, 3.92; N, 15.90. 

2.1.5 Formation of 4-(Chlorodiazenyl)-5-methyl-2,4-

dihydro-3H-pyrazol-3-one (5) 

Compound 1 (0.98 g, 0.01 mol.) was dissolved in a mixture 

of HCl (5 mL) and ethanol (25 mL) and cooled to 0–5 °C in 

an ice bath. A cold aqueous solution of sodium nitrite (0.68g, 

0.01 mol.) was added under stirring. The formed diazonium 

salt was filtered into a cold solution of sodium acetate (4 g) 

under stirring for 2 h. The product was filtered off and 

recrystallized from petroleum (60-80OC)/ethanol (1:1) to 

furnish compound 5. 

Yellow crystal; m.p. 240-242 OC. IR (cm-1) ʋ: 3091 (NH), 

1703 (C=O), 1617 (C=N), 1591 (N=N). 1H-NMR (300MHz, 

DMSO-d6) δ (ppm): 1.02 (s, 1H, CH), 2.03 (s, 3H, CH3), 

11.37 (s, 1H, NH, D2O exchangeable). 13C-NMR (300MHz, 

DMSO-d6) δ (ppm): 12.9 (CH3), 62.5 (CH), 154.0 (C=N), and 

163.7 (C=O). MS (m/z): 160 (M+, 17.09%). Anal. Calcd for 

C4H5ClN4O (160): C, 23.00; H, 3.13; N, 35.00; Cl, 22.19. 

Found: C, 29.88; H, 3.20; N, 35.13; Cl, 22.07. 

2.1.6. Formation of 2-((3-Methyl-5-oxo-4,5-dihydro-1H-

pyrazol-4-yl)diazenyl)malononitrile (6) 

A mixture of compound 5 (1.60 g, 0.01 mol.),  

malononitrile (0.66 mL, 0.01 mol.), piperidine (0.85 mL, 0.01 

mol.) in ethanol (25 mL) was refluxed for 3h.The solid formed 

after cooling was collected by filtration, washed with ethanol 

and recrystallized from methanol to afford compound 6. 

Black powder; m.p.160-162 OC. IR (cm-1) ʋ: 3161 (NH), 

2190 (CN), 1620 (C=O), 1588 (C=N), 1559 (N=N). 1H-NMR 

(300MHz, DMSO-d6) δ (ppm): 1.61 (s, 1H, CH), 2.03 (s, 3H, 

CH3), 3.47 (s, 1H, CH(CN)2), 7.88 (s, 1H, NH, D2O 

exchangeable). 13C-NMR (300MHz, DMSO-d6) δ (ppm): 

12.7 (CH3), 63.0 (CH), 116.8 (2*CN), 145.0 (C=N), 155.2 

(C=N), and 169.2 (C=O). MS (m/z): 190 (M+, 15.78%). Anal. 
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Calcd for C7H6N6O (190): C, 44.21; H, 3.16; N, 44.21. Found: 

C, 44.37; H, 3.22; N, 44.03. 

2.1.7. Formation of 4-((3,5-Diamino-1H-pyrazol-4-yl) 

diazenyl)-5-methyl-2,4-dihydro-3H-pyrazol-3-one 

(7) 

A mixture of compound 6 (1.90 g, 0.01 mol.), hydrazine 

hydrate (0.5 mL, 0.01 mol.) in butanol (20 mL) was refluxed 

for 6h.The solid formed after cooling was collected by 

filtration, washed with ethanol, and recrystallized from 

acetone to give compound 7. 

Brown crystal; m.p. 94-96 OC. IR (cm-1) ʋ: 3334, 3212 

(broad, NH2 & NH), 1729 (C=O), 1626 (broad, C=N & N=N). 
1H-NMR (300MHz, DMSO-d6) δ (ppm): 1.63 (s, 3H, CH3), 

4.24 (s, 1H, CH), 6.00-7.60 (broad, 4H, 2NH2, D2O 

exchangeable), 7.68 (s, 1H, NH, D2O exchangeable), 7.70 (s, 

1H, NH, D2O exchangeable). 13C-NMR (300MHz, DMSO-

d6) δ (ppm): 11.8 (CH3), 62.1 (CH), 121.3 (C=C), 143.9 

(C=N), 148.1 (C-NH2), 149.8 (C-NH2), and 163.5 (C=O). MS 

(m/z): 222 (M+, 35.85%). Anal. Calcd for C7H10N8O (222): C, 

37.84; H, 4.50; N, 50.45. Found: C, 37.99; H, 4.39; N, 50.42. 

2.1.8. Formation of 4-Bromo-3-methyl-1H-pyrazol-5-ol 

(8) 

To a solution of compound 1 (0.98 g, 0.01 mol.) in acetic 

acid (25 mL) bromine water (1.59 mL, 0.01 mol.) was added 

dropwise with stirring for 3h. The reaction mixture was 

poured onto cold water, the solid formed was collected by 

filtration, washed with water and recrystallized from ethanol 

to produce compound 8. 

Off white crystal; m.p. 184-186 OC. IR (cm-1) ʋ: 2697-3023 

(OH & NH), 1620 (C=N), 1550 (C=C). 1H-NMR (300MHz, 

DMSO-d6) δ (ppm): 2.06 (s, 3H, CH3), 4.31 (s, 1H, OH, D2O 

exchangeable), 5.18 (s, 1H, NH, D2O exchangeable). 13C-

NMR (300MHz, DMSO-d6) δ (ppm): 11.8 (CH3), 89.3 (CH-

Br), 144.5 (C=N), and 149.2 (C-OH). MS (m/z): 177 (M+, 

23.28%). Anal. Calcd for C4H5BrN2O (177): C, 27.12; H, 

2.82; N, 15.82; Br, 45.20. Found: C, 27.30; H, 2.70; N, 15.77; 

Br, 45.25. 

2.1.9. Formation of  1-(3-Methyl-5-oxo-4,5-dihydro-1H-

pyrazol-4-yl)urea (9) 

A mixture of compound 1 (0.98 g, 0.01 mol.), urea (0.6 g, 

0.01 mol.) in DMF (15 mL) was refluxed for 8h. The reaction 

mixture after cooling was poured onto cold water, the solid 

formed was collected by filtration, washed with water and 

recrystallized from methanol to furnish compound 9. 

Brown powder; m.p. 174-176 OC. IR (cm-1) ʋ: 2500-4000 

(broad, NH2 & NH), 1719, 1665 (C=O), 1620 (C=N). 1H-

NMR (300MHz, DMSO-d6) δ (ppm): 2.04 (s, 3H, CH3), 3.49 

(s, 1H, CH), 5.39 (s, 1H, NH, D2O exchangeable), 7.12 (s, 2H, 

NH2, D2O exchangeable), 10.63 (s, 1H, NH, D2O 

exchangeable). 13C-NMR (300MHz, DMSO-d6) δ (ppm): 

11.2 (CH3), 63.1 (CH), 159.9 (C=N), 163.2 (C=O), and 169.2 

(C=O). MS (m/z): 156 (M+, 3.36%). Anal. Calcd for 

C5H8N4O2 (156): C, 38.46; H, 5.13; N, 35.90. Found: C, 

38.21; H, 5.07; N, 36.00. 

2.1.10. Formation of  1-(5-Hydroxy-3-methyl-1H-

pyrazol-4-yl)thiourea (10) 

A mixture of compound 1 (0.98 g, 0.01 mol.), thiourea 

(0.76 g, 0.01 mol.) in dioxane (15 mL) was refluxed for 6h. 

The reaction mixture after cooling was poured onto cold 

water, the solid formed was collected by filtration, washed 

with water and recrystallized from acetic to afford compound 

10. 

Yellow crystal; m.p. 218-220 OC. IR (cm-1) ʋ: 3187, 3141, 

3091 (broad, OH, NH2 & NH), 1621 (C=N), 1579 (C=C), 

1246 (C=S). 1H-NMR (300MHz, DMSO-d6) δ (ppm): 2.12 (s, 

3H, CH3), 6.98 (s, 1H, NH, D2O exchangeable), 7.11 (s, 2H, 

NH2, D2O exchangeable), 7.13 (s, 1H, OH, D2O 

exchangeable), 7.24 (s, 1H, NH, D2O exchangeable). 13C-

NMR (300MHz, DMSO-d6) δ (ppm): 10.3 (CH3), 127.3 

(C=C), 151.5 (C=N), 157.8 (C-OH), and 184.4 (C=S). MS 

(m/z): 172 (M+, 54.64%). Anal. Calcd for C5H8N4OS (172): 

C, 34.88; H, 4.65; N, 32.56; S, 18.60. Found: C, 34.97; H, 

4.81; N, 32.43; S, 18.41. 

2.1.11. Formation of 4-((2-Aminophenyl)amino)-5-

methyl-2,4-dihydro-3H-pyrazol-3-one (11) 

A mixture of compound 1 (0.98 g, 0.01 mol.), o-

phenylenediamine (1.08 g, 0.01 mol.) in ethanol (25 mL) was 

refluxed for 7h. The solid formed after cooling was collected 

by filtration, washed with ethanol and recrystallized from 

methanol to give compound 11. 

Reddish brown crystal; m.p. 206-208 OC. IR (cm-1) ʋ: 3357, 

3308 (NH2), 3180, 3164 (NH), 1673 (C=O), 1620 (C=N). 1H-

NMR (300MHz, DMSO-d6) δ (ppm): 2.06 (s, 3H, CH3), 2.09 

(s, 1H, CH), 6.67 (s, 2H, NH2, D2O exchangeable), 6.96 (s, 

1H, NH, D2O exchangeable), 7.60-8.05 (m, 4H, Ar-H), 12.09 

(s, 1H, NH, D2O exchangeable). 13C-NMR (300MHz, 

DMSO-d6) δ (ppm): 11.2 (CH3), 89.1 (CH), 123.8 (CH, Ar), 

125.5 (CH, Ar), 127.3 (CH, Ar), 128.3 (CH, Ar), 138.6 (C, 

Ar), 140.5 (C, Ar), 157.8 (C=N), 160.4 (C=O). MS (m/z): 204 

(M+, 24.22%). Anal. Calcd for C10H12N4O (204): C, 58.82; H, 

5.88; N, 27.45. Found: C, 58.94; H, 5.71; N, 27.55. 

2.1.12. Formation of 2-((5-Hydroxy-3-methyl-1H-

pyrazol-4-yl)amino)pyridin-3-ol (12) 

A mixture of compound 1 (0.98 g, 0.01 mol.), 2-amino-3-

hydroxypyridine (1.10 g, 0.01 mol.) in butanol (15 mL) was 

refluxed for 4h. The solid formed after cooling was collected 

by filtration, washed with ethanol and recrystallized from 

methanol to produce compound 12. 

Black crystal; m.p. >300 OC. IR (cm-1) ʋ: 2400-3500 (broad, 

OH & NH), 1596 (C=N), 1505 (C=C). 1H-NMR (300MHz, 

DMSO-d6) δ (ppm): 2.04 (s, 3H, CH3), 3.40 (s, 1H, CH), 6.66 

(s, H, NH, D2O exchangeable), 6.79 (s, 1H, OH, D2O 

exchangeable), 7.01-7.35 (m, 3H, Ar-H), 12.24 (s, 1H, NH, 

D2O exchangeable). MS (m/z): 206 (M+, 14.17%). Anal. 

Calcd for C9H10N4O2 (206): C, 52.43; H, 4.85; N, 27.18. 

Found: C, 52.29; H, 4.74; N, 27.30. 

2.1.13. Formation of  4-((2-Hydroxy-4-

methylphenyl)amino)-5-methyl-2,4-dihydro-

3H-pyrazol-3-one (13) 

A mixture of compound 1 (0.98 g, 0.01 mol.), 2-amino-5-

methylphenol (1.23 g, 0.01 mol.) in dioxane (15 mL) was 

refluxed for 4h. The reaction mixture after cooling was 
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poured onto cold water, the solid formed was collected by 

filtration, washed with water and recrystallized from acetone 

to furnish compound 13. 

Black powder; m.p. 210-212 OC. IR (cm-1) ʋ: 2500-3500 

(broad, OH & NH), 1662 (C=O), 1625 (C=N), 1573 (C=C). 
1H-NMR (300MHz, DMSO-d6) δ (ppm): 2.05 (s, 3H, CH3), 

2.49 (s, 3H, CH3), 3.70 (s, 1H, CH), 7.00 (s, 1H, NH, D2O 

exchangeable), 7.17-7.44 (m, 3H, Ar-H), 7.78 (s, 1H, OH, 

D2O exchangeable), 11.43 (s, 1H, NH, D2O exchangeable). 
13C-NMR (300MHz, DMSO-d6) δ (ppm): 18.7 (CH3), 34.8 

(CH3), 60.5 (CH), 112.5 (2*CH, Ar), 121.3 (CH, Ar), 125.2 

(C, Ar), 142.4 (C, Ar), 147.6 (C, Ar), 155.3 (C=N), and 168.4 

(C=O). MS (m/z): 219 (M+, 21.0%). Anal. Calcd for 

C11H13N3O2 (219): C, 60.27; H, 5.94; N, 19.18. Found: C, 

60.40; H, 5.86; N, 19.09. 

2.1.14. Formation of 4,4'-(1,4-Phenylenebis (azanediyl)) 

bis(5-methyl-2,4-dihydro-3H-pyrazol-3-one) 

(14) 

A mixture of compound 1 (1.96 g, 0.02 mol.), p-

phenylenediamine (1.08 g, 0.01 mol.) in acetone (25 mL) was 

refluxed for 7h. The solid formed after cooling was collected 

by filtration, washed with ethanol and recrystallized from 

acetic acid to afford compound 14. 

Black powder; m.p. 140-142 OC. IR (cm-1) ʋ: 3230, 3122 

(NH), 1698, 1710 (C=O), 1572, 1560 (C=N). 1H-NMR 

(300MHz, DMSO-d6) δ (ppm): 2.11 (s, 6H, 2CH3), 3.36 (s, 

2H, 2CH), 6.72-7.22 (m, 4H, Ar-H), 7.96 (s, 2H, 2NH, D2O 

exchangeable), 10.90 (s, 2H, 2NH, D2O exchangeable).  13C-

NMR (300MHz, DMSO-d6) δ (ppm): 11.3 (2*CH3), 56.3 

(2*CH), 119.2 (2*CH-Ar), 121.7 (2*CH-Ar), 144.0 (C-NH), 

157.3 (2*CN), and 169.4 (2*C=O). MS (m/z): 300 (M+, 

48.79%). Anal. Calcd for C14H16N6O2 (300): C, 56.00; H, 

5.33; N, 28.00. Found: C, 55.87; H, 5.43; N, 28.01. 

2.1.15. Formation of  2-(3-Methyl-1H-pyrazol-5-yl) 

hydrazine-1-carbothioamide (15) 

A mixture of compound 1 (0.98 g, 0.01 mol.), 

thiosemicarbazide (0.91 g, 0.01 mol.), potassium hydroxide 

(0.56 g, 0.01 mol.) in ethanol (30 mL) was refluxed for 4h.The 

solid formed after cooling was collected by filtration, washed 

with ethanol and recrystallized from ethanol to give 

compound 15. 

White crystal; m.p. 90-92 OC. IR (cm-1) ʋ: 2955, 2918, 2849 

(NH2 & NH), 1633 (C=N), 1255 (C=S). 1H-NMR (300MHz, 

DMSO-d6) δ (ppm): 2.02 (s, 3H, CH3), 6.74 (s, 1H, NH, D2O 

exchangeable), 6.94 (s, 1H, Ar-H), 8.93 (s, 2H, NH2, D2O 

exchangeable), 10.20 (s, 2H, 2NH, D2O exchangeable). 13C-

NMR (300MHz, DMSO-d6) δ (ppm): 12.3 (CH3), 116.6 

(C=C), 133.2 (C=N), 155.7 (C-NH), and 188.3 (C=S). MS 

(m/z): 171 (M+, 6.76%). Anal. Calcd for C5H9N5S (171): C, 

35.09; H, 5.26; N, 40.94; S, 18.71. Found: C, 34.92; H, 5.47; 

N, 40.88; S, 18.73. 

2.1.16. Formation of 1-(5-Methyl-4H-pyrazol-3-yl) 

thiourea (16) 

A mixture of compound 1 (0.98 g, 0.01 mol.), thiourea 

(0.76 g, 0.01 mol.), sodium hydroxide 10% (2 mL) in ethanol 

(30 mL) was refluxed for 5h.The solid formed after cooling 

was collected by filtration, washed with water then ethanol 

and recrystallized from ethanol to produce compound 16. 

Yellow crystal; m.p. 208-210 OC. IR (cm-1) ʋ: 2400-3300 

(broad, NH2 & NH), 1617 (C=N), 1533 (C=C), 1250 (C=S). 
1H-NMR (300MHz, DMSO-d6) δ (ppm): 1.97 (s, 3H, CH3), 

3.44 (s, 2H, CH2), 7.08 (s, 3H, NH&NH2, D2O exchangeable). 
13C-NMR (300MHz, DMSO-d6) δ (ppm): 11.8 (CH3), 58.2 

(CH), 148.0 (C=N), 150.7 (C=N), and 181.9 (C=S). MS (m/z): 

156 (M+, 2.01%). Anal. Calcd for C5H8N4S (156): C, 38.46; 

H, 5.13; N, 35.90; S, 20.51. Found: C, 38.33; H, 5.07; N, 

36.04; S, 20.56. 

2.1.17. Formation of  1-Benzylidene-3-(5-methyl-4H-

pyrazol-3-yl)thiourea (17) 

A mixture of compound 16 (1.56 g, 0.01 mol.), 

benzaldehyde (1.06 mL, 0.01 mol.), sodium hydroxide (0.4 g, 

0.01 mol.) in ethanol (30 mL) was stirred for 3h at room 

temperature. The reaction mixture was poured onto cold 

water, the solid formed was collected by filtration, washed 

with water and recrystallized from petroleum (60-80) to 

furnish compound 17. 

Reddish brown crystal; m.p. 158-160 OC. IR (cm-1) ʋ: 3194, 

3062 (NH), 1619 (C=N), 1559 (C=C), 1281 (C=S). 1H-NMR 

(300MHz, DMSO-d6) δ (ppm): 1.99 (s, 3H, CH3), 3.39 (s, 2H, 

CH2), 7.02-7.51 (m, 6H, Ar-H), 8.97 (s, 1H, NH, D2O 

exchangeable). MS (m/z): 244 (M+, 34.80%). Anal. Calcd for 

C12H12N4S (244): C, 59.02; H, 4.92; N, 22.95; S, 13.11. 

Found: C, 58.84; H, 5.03; N, 23.07; S, 13.06. 

2.1.18. Formation of 1-(5-Methyl-4H-pyrazol-3-yl)-2-

thioxoimidazolidin-4-one (18) 

A mixture of compound 16 (1.56 g, 0.01 mol.), ethyl 

chloroacetate (1.22 mL, 0.01 mol.), potassium carbonate 

anhydrous (1.38 g, 0.01 mol.) in methanol (30 mL) was 

refluxed for 3h. The solid formed after cooling was collected 

by filtration, washed with ethanol and recrystallized from 

ethanol to afford compound 18. 

Orange powder; m.p. 180-182 OC. IR (cm-1) ʋ: 3200(NH), 

1696 (C=O), 1623 (C=N), 1540 (C=C), 1245 (C=S). 1H-NMR 

(300MHz, DMSO-d6) δ (ppm): 2.03 (s, 3H, CH3), 3.23 (s, 2H, 

CH2), 4.27 (s, 2H, CH2CO), 5.34 (s, 1H, NH, D2O 

exchangeable). 13C-NMR (300MHz, DMSO-d6) δ (ppm): 

12.2 (CH3), 52.7 (CH2), 54.2 (CH2), 154.7 (C=N), 156.0 

(C=N), 167.2 (C=O), and 180.9 (C=S). MS (m/z): 196 (M+, 

19.85%). Anal. Calcd for C7H8N4OS (196): C, 42.86; H, 4.08; 

N, 28.57; S, 16.33. Found: C, 42.71; H, 4.24; N, 28.49; S, 

16.15. 

2.1.19. Formation of 3-Amino-6-(3-methyl-1H-pyrazol-

5-yl)-6,7-dihydro-5H-imidazo[5,1-c][1,2,4] 

triazole-5-thione (19) 

A mixture of compound 18 (1.96 g, 0.01 mol.), 

thiosemicarbazide (0.91 g, 0.01 mol.), potassium carbonate 

anhydrous (1.38 g, 0.01 mol.) in methanol (30 mL) was 

refluxed for 8h. The solid formed after cooling was collected 

by filtration, washed with ethanol and recrystallized from 

toluene to give compound 19. 

Dark green powder; m.p. 294-296 OC. IR (cm-1) ʋ: 

3291(NH2), 3163 (NH), 1622 (C=N), 1540 (C=C), 1276 
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(C=S). 1H-NMR (300MHz, DMSO-d6) δ (ppm): 2.03 (s, 3H, 

CH3), 3.47 (s, 2H, CH2), 6.14 (s, 1H, Ar-H), 7.92 (s, 2H, NH2, 

D2O exchangeable), 10.43 (s, 1H, NH, D2O exchangeable). 

MS (m/z): 235 (M+, 43.79%). Anal. Calcd for C8H9N7S (235): 

C, 40.85; H, 3.83; N, 41.70; S, 13.62. Found: C, 40.76; H, 

3.98; N, 41.79; S, 13.47. 

2.1.20. Formation of 1-(3-Methyl-1H-pyrazol-5-yl)urea 

(20) 

A mixture of compound 1 (0.98 g, 0.01 mol.), urea (0.6 g, 

0.01 mol.) was fused for 0.5 h. The reaction mixture after 

cooling was poured onto cold water, the solid formed was 

collected by filtration, washed with water and recrystallized 

from ethanol to produce compound 20. 

Orang powder; m.p. > 300 OC. IR (cm-1) ʋ: 3500-3000 

(broad, NH2 & NH), 1683 (C=O), 1610 (C=N), 1567 (C=C). 
1H-NMR (300MHz, DMSO-d6) δ (ppm): 1.97 (s, 3H, CH3), 

5.47 (s, 2H, NH2, D2O exchangeable), 6.34 (s, 1H, Ar-H), 

6.82 (s, 1H, NH, D2O exchangeable), 8.64 (s, 1H, NH, D2O 

exchangeable). 13C-NMR (300MHz, DMSO-d6) δ (ppm): 

12.3 (CH3), 111.7 (CH-Ar), 132.5 (C-NH), 148.0 (C=N), and 

170.2 (C=O). MS (m/z): 140 (M+, 24.81%). Anal. Calcd for 

C5H8N4O (140): C, 42.86; H, 5.71; N, 40.00. Found: C, 42.77; 

H, 5.90; N, 39.91. 

2.1.21. Formation of 1-(3-Methyl-1H-pyrazol-5-yl) 

guanidine (21) 

A mixture of compound 1 (0.98 g, 0.01 mol.), guanidine 

hydrochloride (0.95 g, 0.01 mol.), potassium carbonate 

anhydrous (1.38 g, 0.01 mol.) in acetone (30 mL) was 

refluxed for 3h. The solid formed after cooling was collected 

by filtration, washed with ethanol and recrystallized from 

ethanol/THF (1:1) to furnish compound 21. 

Orang crystal; m.p. 180-182 OC. IR (cm-1) ʋ: 3400-3341 

(NH2), 3155, 3090 (NH), 1651 (C=N), 1534 (C=C). 1H-NMR 

(300MHz, DMSO-d6) δ (ppm): 2.02 (s, 3H, CH3), 3.44 (s, 2H, 

NH2, D2O exchangeable), 6.65 (s, 1H, Ar-H), 7.07 (s, 1H, NH, 

D2O exchangeable), 8.14 (s, 1H, NH, D2O exchangeable), 

10.28 (s, 1H, NH, D2O exchangeable). 13C-NMR (300MHz, 

DMSO-d6) δ (ppm): 11.9 (CH3), 115.2 (CH, Ar), 140.9 (C-

NH), 155.3 (C=N), and 159.6 (C=NH). MS (m/z): 139 (M+, 

2.76%). Anal. Calcd for C5H9N5 (139): C, 43.17; H, 6.47; N, 

50.36. Found: C, 43.30; H, 6.44; N, 50.29. 

2.1.22. Formation of 1-(2-Hydroxybenzylidene)-3-(5-

methyl-4H-pyrazol-3-yl)guanidine (22) 

A mixture of compound 21 (1.39 g, 0.01 mol.), 

salicyladehyde (1.22 mL, 0.01 mol.), HCl (3 drops) in ethanol 

(30 mL) was refluxed for 2h.The solid formed while heating 

was collected by filtration, washed with ethanol and 

recrystallized from methanol to produce compound 22. 

Red crystal; m.p. 132-134 OC. IR (cm-1) ʋ: 3500-3300 

(broad, OH & NH), 1620, 1586 (C=N), 1530 (C=C). 1H-NMR 

(300MHz, DMSO-d6) δ (ppm): 1.87 (s, 3H, CH3), 2.06 (s, 2H, 

CH2), 5.41 (s, 1H, NH, D2O exchangeable), 6.94-7.71 (m, 5H, 

Ar-H), 9.00 (s, 1H, NH, D2O exchangeable), 11.15 (s, 1H, 

OH, D2O exchangeable). 13C-NMR (300MHz, DMSO-d6) δ 

(ppm): 12.6 (CH3), 116.6 (CH, Ar), 118.2 (CH, Ar), 119.6 (C, 

Ar), 130.7 (2*CH, Ar), 133.2 (CH, Ar), 133.4 (C, Ar), 158.7 

(2*C=N), 162.6 (C-OH), and 162.7 (C=N). MS (m/z): 243 

(M+, 1.82%). Anal. Calcd for C12H13N5O (243): C, 59.26; H, 

5.35; N, 28.81. Found: C, 59.01; H, 5.52; N, 28.66. 

2.1.23. Formation of 1-(2-Chlorobenzylidene)-3-(3-

methyl-1H-pyrazol-5-yl)guanidine (23) 

A mixture of compound 21 (1.39 g, 0.01 mol.), o-chloro 

benzaldehyde (1.40 mL, 0.01 mol.), H2SO4 (2 drops) in 

butanol (30 mL) was refluxed for 3h.The solid formed after 

cooling was collected by filtration, washed with ethanol and 

recrystallized from methanol to produce compound 23. 

Brown crystal; m.p. 92-94 OC. IR (cm-1) ʋ: 3182-3067 

(NH), 1590 (C=N), 1550 (C=C). MS (m/z): 261 (M+, 

29.54%). Anal. Calcd for C12H12N5Cl (261): C, 55.17; H, 

4.60; N, 26.82; Cl, 13.41. Found: C, 55.02; H, 4.77; N, 26.83; 

Cl, 13.38. 

2.2.  Comparison between microwave and grinding 

methods 

In the grinding reactions, the same reactants amounts in the 

microwave technique. The reaction completion was 

illustrated by using TLC. The reaction mixtures were washed 

with ethanol and crystallized from the suitable solvent. The 

grinding and microwave reaction times were showed in 

(Table 1). The comparison in terms of yields and times 

between the prepared compounds by using grinding, 

microwave and conventional techniques were reported. 

However, we used the yield economy (YE) as a term to 

determine the grinding, microwave and conventional 

synthetic different efficiencies of the same reaction.   

Calculation of YE was occurred through:  

𝑌𝐸 =  
𝑦𝑖𝑒𝑙𝑑%

𝑅𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 "𝑚𝑖𝑛"
. 

In this report, the YE was used to provide the yields 

obtained conclusively enhanced under the grinding, 

microwave and conventional conditions.  

The equation of RME is: 

 RME =
𝑊𝑡 𝑜𝑓 𝑖𝑠𝑜𝑙𝑎𝑡𝑒𝑡𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 

𝑊𝑡 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠
 .  

While OE was used for the direct comparisons between the 

three reaction types and can be calculated through: 

 𝑂𝐸 =  
𝑅𝑀𝐸

𝐴𝐸
 𝑥 100.  

So we can consider the yield economy (YE) as a metric to 

enhancing the conversion efficiencies of these two different 

synthetic methods of the same reaction. The reaction 

theoretical maximum efficiency were represented by using 

AE, while, RME gives the observed mass efficiency. The 

grinding and microwave reactions atomic economy (AE) have 

the same values due to using two different reaction conditions 

to obtain the same desired compounds, as shown in (Table 1). 
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Table (1): The comparison in terms of physical data between the synthesized compounds under grinding and microwave 

techniques. 
Cpd. 

no. 

Time “min” Yield % YE RME OE AE 

Th. G. M.W. Th. G. M.W. Th. G. M.W. Th. G. M.W. Th. G. M.W. 

2 120 --- --- 52 --- --- 0.4333 --- --- 30.18 --- --- 42.43 --- --- 71.13 

3 240 --- --- 55 --- --- 0.2292 --- --- 25.97 --- --- 48.25 --- --- 53.83 

4 120 14 3 53 82 94 0.4417 5.857 31.33 39.47 61.06 70.00 47.81 73.97 84.80 82.55 

5 120 --- --- 62 --- --- 0.5167 --- --- 34.93 --- --- 62.00 --- --- 56.34 

6 180 9 1 54 78 89 0.3000 8.667 89.00 28.74 41.51 47.37 47.05 67.95 77.54 61.09 

7 360 10 1.5 60 80 92 0.1667 8.000 61.33 40.98 54.65 62.84 60.00 80.00 92.00 68.31 

8 180 --- --- 63 --- --- 0.3500 --- --- 35.18 --- --- 51.08 --- --- 68.87 

9 480 12 2.5 60 83 94 0.1250 6.917 37.60 40.52 56.05 63.48 41.04 56.77 64.30 98.73 

10 360 12 2 59 79 90 0.1639 6.583 45.00 38.73 51.86 59.08 39.18 52.46 59.77 98.85 

11 420 11 1 57 83 92 0.1357 7.545 92.00 46.14 67.19 74.48 46.60 67.85 75.21 99.03 

12 240 10 1 58 84 91 0.2417 8.400 91.00 40.36 58.46 63.33 40.75 59.03 63.94 99.04 

13 240 10 1 63 83 93 0.2625 8.300 93.00 44.65 58.83 65.91 45.06 59.36 66.51 99.10 

14 420 13 1.5 59 79 90 0.1405 6.077 60.00 48.90 65.47 74.59 49.55 66.35 75.59 98.68 

15 240 9 2 60 81 91 0.2500 9.000 45.50 35.26 47.60 53.47 50.52 68.19 76.61 69.80 

16 300 9 2.5 58 80 90 0.1933 8.889 36.00 34.80 48.00 54.00 47.74 65.84 74.07 72.90 

17 180 10 2 62 84 89 0.3444 8.400 44.50 43.47 58.90 62.40 53.81 72.91 77.24 80.79 

18 180 11 1.5 64 83 92 0.3556 7.545 61.33 27.63 35.53 37.72 58.64 75.40 80.05 47.12 

19 480 13 2.5 62 81 92 0.1292 6.231 36.80 31.47 41.11 46.70 56.92 74.35 84.46 55.29 

20 30 11 2 61 83 91 2.0333 7.546 45.50 54.05 73.54 80.63 61.00 83.00 91.00 88.61 

21 180 10 2 60 82 89 0.3333 8.200 44.50 21.44 29.30 31.80 51.06 69.78 75.73 41.99 

22 120 13 2.5 57 80 89 0.4750 6.154 35.60 40.38 56.68 63.05 49.35 69.27 77.06 81.82 

23 180 14 2.5 58 81 91 0.3222 5.786 36.40 33.57 46.88 52.66 48.49 67.72 76.07 69.23 

 

2.3.  Antimicrobial activities: 

The antimicrobial activities of the synthesized compounds 

were tested against a panel of two gram-positive bacteria 

(Staphylococcus aureus, Bacillus subtilis), two gram-negative 

bacteria (Escherichia coli, Pseudomonas aeuroginosa). The 

anti-fungal activity of the compounds was tested against two 

fungi (Candida albicans, Aspergillus flavus). Each of the 

compounds was dissolved in DMSO and solution of the 

concentration 1 mg /ml were prepared separately paper discs 

of  Whatman filter paper were prepared with standard size 

(5cm) were cut and sterilized in an autoclave. The paper discs 

soaked in the desired concentration of the complex solution 

were places aseptically in the petri dishes containing nutrient 

agar media (agar 20g + beef extract 3g + peptone 5g) seeded 

with S. aureus, B. subtilis, E. coli, P. aeuroginosa, C. albicans 

and A. flavus. The petri dishes were incubated at 36 OC and 

the inhibition zones were recorded after 24 h of incubation. 

Each treatment was replicated three times. The antibacterial 

activity of a common standard antibiotic Ampicillin and 

antifungal Colitrimazole was also recorded using the same 

procedure as above at the same concentration and solvents. 

The % activity index for the complex was calculated by the 

following formula: 

% 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥 =

 
𝑍𝑜𝑛𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑏𝑦 𝑡𝑒𝑠𝑡 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 (𝑑𝑖𝑎𝑚𝑒𝑡𝑟𝑒)

𝑍𝑜𝑛𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑏𝑦 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 (𝑑𝑖𝑎𝑚𝑒𝑡𝑟𝑒)
 x 100 

At the end of the incubation period, in terms of % Activity 

index were recorded (Table 2) as the lowest concentration of 

the substance that had no visible turbidity [33, 34]. Control 

experiments with DMSO and uninoculated media were run 

parallel to the test compounds under the same conditions. 

The results demonstrate that tested fungi were more 

sensitive to all compounds compared with bacteria. The most 

active compounds against fungi were 13 and 14, while the 

most active compounds were 8, 10, 13, 14 and 16 for Gram-

negative and 10, 13, 14, 15 and 16 for Gram-positive bacteria. 

In addition, Gram-negative bacteria were more sensitive to 

the compounds compared with Gram-positive ones (Figures 1 

and 2). 
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Table (2): Show the antimicrobial activities in terms of % Activity index for the desired derivatives. 
 

 

Cpds. 

No. 

E. Coli P. Aeuroginosa S. Aureus B. Subtilis C. Albicans A. Flavus 

Diamet

er of 

inhibiti

on zone 

(mm) 

% 

Activi

ty 

index 

Diamet

er of 

inhibiti

on zone  

(mm) 

% 

Activi

ty 

index 

Diamet

er of 

inhibiti

on zone 

(mm) 

% 

Activi

ty 

index 

Diamet

er of 

inhibiti

on zone 

(mm) 

% 

Activi

ty 

index 

Diamet

er of 

inhibiti

on zone 

(mm) 

% 

Activi

ty 

index 

Diamet

er of 

inhibiti

on zone 

(mm) 

% 

Activi

ty 

index 

2 NA ---- NA ---- NA ---- 2 8.7 NA ---- 3 12 

3 NA ---- NA ---- NA ---- NA ---- NA ---- 4 16 

4 5 20 8 34.8 7 29.2 6 26.1 3 11.1 10 40 

5 NA ---- NA ---- NA ---- NA ---- NA ---- 5 20 

6 8 32 11 47.8 11 45.8 10 43.5 8 29.6 14 56 

7 7 28 10 43.5 8 33.3 7 30.4 3 11.1 12 48 

8 13 52 18 78.3 15 62.5 16 69.6 11 40.7 19 76 

9 11 44 15 65.2 14 58.3 15 65.2 13 48.1 22 88 

10 19 76 22 95.6 20 83.3 23 100 20 74.1 24 96 

11 9 36 12 52.2 11 45.8 12 52.2 6 22.2 13 52 

12 NA ---- 2 8.7 3 12.5 3 13 NA ---- NA ---- 

13 15 60 20 86.9 17 70.8 19 82.6 15 55.5 22 88 

14 15 60 21 91.3 18 75 20 86.9 25 92.6 24 96 

15 12 48 16 69.6 15 62.5 17 73.9 18 66.7 23 92 

16 16 64 21 91.3 17 70.8 18 78.3 12 44.4 20 80 

17 3 12 5 21.7 6 25 5 21.7 NA ---- 6 24 

18 NA ---- NA ---- NA ---- NA ---- NA ---- NA ---- 

19 8 32 11 47.8 10 41.7 10 43.5 NA ---- 8 32 

20 10 40 13 56.5 12 50 13 56.5 9 33.3 15 60 

21 10 40 13 56.5 12 50 13 56.5 10 37 18 72 

22 6 24 9 39.1 9 37.5 8 34.8 5 18.5 13 52 

23 NA ---- 4 17.4 5 20.8 3 13 NA ---- 6 24 

Ampicillin 25 100 23 100 24 100 23 100 NA ---- NA ---- 

Colitrimaz

ole 

NA ---- NA ---- NA ---- NA ---- 27 100 25 100 

NA → No Activity. 
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Fig (1): Percent activity of most potent compounds against bacteria. 

 

 
Fig (2): Percent activity index of most potent compounds against fungal. 

 

2.4. Cytotoxicity assay 

Cell line: colorectal carcinoma (HCT-116) and mammary 

gland breast cancer (MCF-7). The cell lines were obtained 

from ATCC via Holding company for biological products and 

vaccines (VACSERA), Cairo, Egypt. Chemical reagents: The 

reagents RPMI-1640 medium, MTT and DMSO (sigma co., 

St. Louis, USA), Fetal Bovine serum (GIBCO, UK). 

Doxorubicin was used as a standard anticancer drug for 

comparison. MTT assay (1): The different cell lines 
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mentioned above were used to determine the inhibitory 

effects of compounds on cell growth using the MTT assay. 

This colorimetric assay is based on the conversion of the 

yellow tetrazolium bromide (MTT) to a purple formazan 

derivative by mitochondrial succinate dehydrogenase in 

viable cells. The cells were cultured in RPMI-1640 medium 

with 10% fetal bovine serum. Antibiotics added were 100 

units/ml penicillin and 100µg/ml streptomycin at 37 OC in a 

5% CO2 incubator. The cells were seedes in a 96-well plate 

at a density of 1.0x104 cells/well at 37 OC for 48 h under 5% 

CO2. After incubation the cells were treated with different 

concentration of compounds and incubated for 24 h. After 24 

h of drug treatment, 20 µl of MTT solution at 5mg/ml was 

added and incubated for 4 h. Dimethyl sulfoxide (DMSO) in 

volume of 100 µl is added into each well to dissolve the purple 

formazan formed. The colorimetric assay is measured and 

recorded (Table 3) at absorbance of 570 nm using a plate 

reader (EXL 800, USA). The relative cell viability in 

percentage was calculated as (A570 of treated samples/A570 

of untreated sample) X 100. [35] 

 

Table (3): Anticancer Activity as mean zones of inhibition (mm) against some microorganisms. 

Compounds         In vitro Cytotoxicity IC50 (µM)• 

 
HCT-116 MCF-7 

DOX 5.23±0.3 4.17±0.2 

2 91.25±4.7 77.34±4.1 

3 84.36±4.3 >100 

4 58.35±3.3 63.97±3.2 

5 78.06±4.1 >100 

6 42.43±2.7 45.27±2.5 

7 52.40±3.1 54.53±2.8 

8 28.08±2.1 18.12±1.4 

9 19.10±1.4 26.39±1.8 

10 7.58±0.4 6.28±0.3 

11 47.18±2.8 39.03±2.3 

12 >100 71.58±3.7 

13 11.85±0.9 14.76±1.1 

14 4.63±0.2 12.51±0.9 

15 8.14±0.6 22.35±1.6 

16 23.72±1.8 9.48±0.7 

17 70.33±3.7 65.71±3.4 

18 >100 89.39±4.4 

19 66.24±3.5 48.53±2.6 

20 36.39±2.4 34.16±2.1 

21 33.67±2.3 31.78±2.0 

22 49.57±2.9 57.89±3.0 

23 73.94±3.8 68.01±3.5 

• IC50 (µM): 1 – 10 (very strong). 11 – 20 (strong). 21 – 50 (moderate). 51 – 100 (weak) and >100 (non-cytotoxic) 

••DOX: Doxorubicin. 

The results in Table 3 revealed that compounds 10 and 16 

showed a very strong cytotoxic activity and compounds 8, 9 

and 14 showed a strong cytotoxic activity against MCF-7. 

While, revealed that compounds 10, 14 and 15 showed a very 

strong cytotoxic activity and compounds 9 and 13 showed a 

strong cytotoxic activity against HCT-116. 

3.  Results and discussion: 

Synthesis: 

The new pyrazole and pyrazolone derivatives were 

prepared following the reaction sequences depicted in 

Scheme 1-4. The starting pyrazolone 1 was prepared by a 

literature known procedure [32] using ethyl acetoacetate and 

hydrazine hydrate in a one-pot reaction.  

The interesting pharmacological properties of diazenyl 

derivatives as antibacterial [36], antifungal [37], anticancer 

[38], anti-inflammatory [39] and antioxidant [40] led us to 

synthesize new diazenyl derivatives 2 and 3, respectively.  

Therefore, the reaction of compound 1 with benzene 

diazonium chloride under stirring for 2h at 0-5OC in aqueous 

medium afforded phenyl diazenyl derivative 2 through 

electrophilic substitution reaction of the diazonium group on 

the carbon of  CH2 group of pyrazolone followed by 
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elimination one molecule of HCl. The structure of compound 

2 was illustrated using its IR which displayed N=N group at 

υ 1544 cm-1. Its 1H-NMR revealed the five aromatic protons 

at δ 7.17-7.45 ppm. Further support for the assigned structure 

2 was acquired from its mass spectrum which disclosed the 

correct molecular ion peak at m/z 202 (9.89%). 

Similarly, compound 1 reacted with 4-carboxybenzene 

diazonium chloride producing diazenyl derivative 3. The IR 

spectrum displayed acid C=O at υ 1670 cm-1, pyrazolone C=O 

at υ 1664 cm-1 and N=N group at υ 1539 cm-1. Its 1H-NMR 

showed the four aromatic protons at δ 7.57-7.96 ppm. Its 13C-

NMR showed peaks of C=O and COO at δ 163.0 and 172.3 

ppm, respectively. Its mass spectrum revealed the molecular 

ion peak at m/z 246 (69.74%).  

Further support for the assigned structure 3 was acquired 

from its reaction with salicyladehyde under refluxing in 

ethanol in the presence of potassium hydroxide to produce the 

pyrazolone derivative 4. The structure of compound 2 was 

confirmed using its IR which revealed OH group as broad 

band at υ 3440, 3373 cm-1. Its 1H-NMR disclosed OH group 

at δ 12.09 ppm and its mass spectrum which showed the 

molecular ion peak at m/z 350 (27.52%). 

It has been found that pyrazolone derivatives 1 reacted with 

nitrous acid at 0-5OC in situ prepared from the reaction of 

(NaNO2 and HCl) to give the corresponding 4-chlorodiazenyl 

derivative 5. IR spectrum of 5 revealed the azo group at υ 

1591 cm-1. Its mass spectrum which showed the molecular ion 

peak at m/z 160 (17.09%). Azo coupling of the pyrazolo 

diazonium chloride 5 with malononitrile was achieved by 

refluxing in ethanol and few drops of piperidine to furnish the 

corresponding compound 6. The structure formula of 

compound 6 was secured by its analytical and spectral data. 

Its IR spectrum of compound 6 showed CN group at υ 2190 

cm-1. Structure of compound 6 was further supported by its 

reaction with hydrazine hydrate in boiling butanol to achieve 

the diazo pyrazole derivative 7. Mass spectrum of compound 

7 which disclosed the molecular ion peak at m/z 222 

(35.85%). (Scheme 1) 

 
Noteworthy, the 4-bromopyrazole derivative 8 was 

obtained upon bromination of compound 1 with bromine 

water in glacial acetic acid. The 1H-NMR spectrum of 8 

revealed an exchangeable singlet signal for NH2 and 

exchangeable singlet for OH. 

Furthermore, the structure of compound 8 was supported by 

its reaction with urea and thiourea to give pyrazolone 

derivatives 9 and 10, respectively. IR spectrum of compound 

9 disclosed bands characteristic for NH2, NH, 2*C=O, and 

C=N groups. Its 13C-NMR spectrum revealed peaks of C=O 

at δ 163.2 and 169.2 ppm. Its mass spectrum showed the 

molecular ion peak at m/z 156 (3.36%). While, IR spectrum 

of compound 10 disclosed bands characteristic for OH, NH2, 

NH, C=S, and C=N groups. Its 13C-NMR spectrum revealed 

peaks of C=O and C=S at δ 157.8 and 184.4 ppm. Its mass 

spectrum which showed the molecular ion peak at m/z 172 
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(54.64%). It is worth to mention that attempt to synthesize the 

annulated compound by condensation of the amino group 

with the carbonyl group in the pyrazolone ring in compound 

9 by repeating the reaction in boiling butanol for 20h has 

failed and the open structure 9 was obtained. The obtained 

products are identical in all spectra (IR spectra, m.p. and 

mixed m.p. as well as TLC). 

On the other hand, compound 8 when allowed to react with 

o-phenylenediamine, 2-amino-3-hydroxypyridine and 2-

amino-5-methylpheno the pyrazolone derivatives 11-13 were 

obtained, respectively. IR spectrum of compound 11 showed 

bands characteristic for NH2, NH, C=O, and C=N groups. Its 
1H-NMR spectrum displayed an exchangeable singlet signal 

for NH2, exchangeable singlet signal for NH in addition to the 

aromatic protons. Its mass spectrum which revealed the 

molecular ion peak at m/z 204 (24.22%). IR spectrum of 

compound 12 disclosed bands characteristic for OH, NH, 

C=O, and C=N groups. Its 1H-NMR spectrum showed an 

exchangeable singlet signal for OH, exchangeable singlet 

signal for NH in addition to the aromatic protons. Its mass 

spectrum which revealed the molecular ion peak at m/z 206 

(14.17%). 13C-NMR spectrum of compound 13 displayed 

peaks of 2*CH3 at δ 18.7 and 34.8 ppm. 

Similarly, bis-pyrazolone 14 was obtained via reaction of 

compound 8 with p-phenylenediamine in a ratio 1:2. Mass 

spectrum of compound 14 which revealed the molecular ion 

peak at m/z 300 (48.79%). (Scheme 2) 

 
 

Interaction of pyrazolone 1 with thiosemicarbazide in 

boiling ethanol to furnish the pyrazole derivative 15. Its IR 

and 13C-NMR spectra were devoid of C=O band and 

appearance of C=S band. Further, the highest recorded peak 

in its mass spectrum was at m/z 171 (6.76%) corresponding to 

the correct molecular ion peak. 

Similarly, pyrazole derivative 16 was produced from the 

reaction of compound 1 with thiourea in boiling ethanol in 

presence of NaOH. Its 13C-NMR spectra displayed band of 

C=S at δ 181.9 ppm. Its mass spectrum disclosed molecular 

ion peak at m/z 156 (2.01%). Furthermore, the structure of 

compound 16 was supported by its reaction with 

benzaldehyde to afford the Schiff base derivative 17. Its IR 

spectrum was devoid of NH2 band. Its 1H-NMR showed the 

five aromatic protons at δ 7.02-7.51 ppm. Its mass spectrum 

which revealed the molecular ion peak at m/z 244 (34.80%). 

(Scheme 3) 

While thioxoimidazolidinone derivative 18 was obtained 

from the reaction of compound 16 with ethyl chloroacetate, 

via nucleophilic attack of NH2 group of pyrazole on C=O 

group of acetate followed by elimination one molecule of 

ethanol, then ring closure through nucleophilic attack of NH 
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group on CH2Cl followed by elimination one molecule of HCl 

producing compound 18. The structure of compound 18 was 

conformed form its IR spectrum which display band of C=O 

at υ 1696 cm-1. Its 13C-NMR spectra displayed band of C=O 

at δ 167.2 ppm. Its mass spectrum disclosed molecular ion 

peak at m/z 196 (19.85%).

  

 
Also, the structure of compound 18 was supported by its 

reaction with thiosemicarbazide to afford the 

imidazotriazolothione derivative 19. A plausible mechanism 

for the formation of compound 19 is shown in Scheme 4. Its 

IR and 13C-NMR spectra were devoid of C=O band. Its 1H-

NMR showed an exchangeable singlet signal for NH2 at δ 7.92 

ppm. Its mass spectrum disclosed molecular ion peak at m/z 

235 (34.79%).  

However, reaction of pyrazolone 1 with urea and guanidine 

hydrochloride gave pyrazole derivatives 20 and 21, 

respectively. The structure of compound 20 was conformed 

from its IR spectrum which display band of C=O at υ 1683 

cm-1. Its 1H-NMR showed the bands of NH2 at δ 5.47 ppm. Its 
13C-NMR spectra displayed band of C=O at δ 170.2 ppm. The 

structure of compound 21 was illustrated from its mass 

spectrum disclosed molecular ion peak at m/z 139 (2.76%). 

On the other hand, the structure of compound 21 was 

supported via formation of Schiff base derivatives 22 and 23 

by its reaction with salicyladehyde and o-chloro 

benzaldehyde, respectively. Their IR and 1H-NMR spectrum 

were devoid of NH2 band. (Scheme 3) 
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4. Conclusion: 

The target of the presence search was to study the behavior 

and reactivity of the 3-methyl-1H-pyrazol-5-one 1 toward 

some nucleophilic and electrophilic reagents under 

conventional, grinding and microwave methods. The newly 

synthesized compounds was discovered as antimicrobial and 

anticancer agents. The data showed clearly that some of these 

compounds displayed very strong; strong to moderate in in 

vitro antimicrobial and anticancer activities. 
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