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Abstract: The synthesis and antioxidant of some new pyrazole analogs were described. It is achieved 

by the reaction of phenyl-4-(phenylsulfonyl)-1H-pyrazole-3,5-diamine (3) with different bifunctional 

reagents. The free radical-induced damage and the protective effects of the newly synthesized pyrazoles 

were studied. These new compounds inhibit the free radical-induced oxidative hemolysis of red blood 

cells effectively. It was found that these compounds effectively inhibit the free radical-induced 

oxidative hemolysis of red blood cells. Compound 5, which contain phenolic group, and 17, which bear 

sulfur, nitrogen atoms, and benzothiazole ring, respectively displayed high antioxidant activity. Analogs 

15, 11, 10, and 9 were proved to exhibit antioxidative activity. Structures of new pyrazoles were 

confirmed by spectroscopic and elemental analyses and have been screened for their antioxidant 

activity. 
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1. Introduction 

Pyrimidine and pyrazolo[1,5-a]pyrimidine derivatives are among the most heterocyclic 

compounds that have interesting pharmacological activities [1-14].  

According to our program to synthesize fused pyrimidine derivatives of interesting 

biological activity [15-22], we report the synthesis of some new hetaryl pyrazole derivatives 

incorporating phenylsulfonyl group and their screening as antioxidant agents. Schistosomiasis 

is a national problem in Egypt and is considered one of the most difficult diseases to treat. A 

literature survey showed the importance of pyrazolopyrimidine derivatives as anti-

schistosomal agents [23-25].  

Pyrazoles and their condensed system have interesting biological importance [26-33]. 

Among pyrazoles, especially 3(5)-aminopyrazoles are considered good intermediate for further 

transformations [34-38]. Pyrazole derivatives are connected to thiazole moiety, may lead to 

high pharmacological activity [39].  
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Antipyrine derivatives play an important role in modern organic synthesis due to their 

particular useful structure [40-42] and their high biological activity [43,44]. 4-aminoantipyrine 

is a good key intermediate to synthesize different heterocyclic compounds with anticipated 

pharmacological activity [45], antimicrobial [46-48], and anticancer activities [49]. It was of 

interest to study the reactivity of antipyrinylhydrazonomalononitrile towards different nitrogen 

nucleophiles as well as activated nitriles. 

Our program reports herein on the synthesis of some new pyrazolopyrimidine 

derivatives and their evaluation as antioxidant agents. However, no details regarding the 

synthesis and antioxidant evaluation of these new pyrazolopyrimidine derivatives were found 

during the literature survey. 

2. Materials and Methods 

 Elemental and spectral analyses were recorded according to the previously mentioned 

methods [20]. 1,1-Diphenyl-2-picrylhydrazil (DPPH) was purchased from Sigma-Aldrich (St. 

Louis, MO, USA). TLC technique was used to check the purity of the synthesized compounds. 

3-(Methylthio)-3-(phenylamino)-2-(phenylsulfonyl)acrylonitrile (2) was prepared according to 

the procedure reported in the literature [50]. 

2.1. Synthesis of N3-phenyl-4-(phenylsulfonyl)-1H-pyrazole-3,5-diamine (3). 

Hydrazine hydrate (10 mmol)  and compound 2 (10 mmol) were heated on a steam bath 

for 1 h. The cold reaction mixture was washed with ethanol. The obtained solid material was 

filtered and recrystallized from ethanol to yield compound 3. 

White sheets; yield (92%); m.p.178-180 °C; IR (KBr): ν/cm-1= 3445, 3402 (NH2), 3336, 

3284 (2NH), 1631 (C=N), 1128, 1068 (SO2); 1H NMR (DMSO-d6) δ (ppm): 6.13 (s, 2H, NH2 

, D2O exchangeable), 6.83-7.99 (m, 10H, Ar-H), 10.95, 10.99 (s, 2H, 2NH, D2O exchangeable); 

13C NMR (100 MHz, DMSO-d6) δ (ppm): 88.1, 118.3, 124.6, 127.4, 130.3, 133.5, 136.1, 140.2, 

143.6, 150.4, 152.7; MS: m/z (%) 314 (M+, 7.93); Anal. Calcd. for C15H14N4O2S (314.36): C, 

57.31; H, 4.49; N, 17.82 %. Found: C, 57.22; H, 4.43; N, 17.88 %. 

2.2. General procedure for the synthesis of pyrazolo[1,5-a]pyrimidine derivatives 4, 5.  

An equimolar amount of 1,3-dicarbonyl compounds (acetylacetone or acetoacetanilide 

or ethyl acetoacetate) and compound 3 (10 mmol) were refluxed for 12h in glacial acetic acid 

(15 mL). The formed precipitate was filtered and recrystallized from ethanol to afford 

compounds 4 and 5. 

2.3. 5,7-Dimethyl-N-phenyl-3-(phenylsulfonyl)pyrazolo[1,5-a]pyrimidin-2-amine (4). 

White powder; yield (93%); m.p.256-258 °C; IR (KBr): ν/cm-1= 3358 (NH), 1606 

(C=N), 1131, 1066 (SO2); 1H NMR (DMSO-d6) δ (ppm): 2.55 (s, 3H, CH3), 2.66 (s, 3H, CH3), 

7.07 (s, 1H, C5-H pyrimidine), 7.35-8.14 (m, 10H, Ar-H), 8.50 (s, 1H, NH, D2O exchangeable); 

13C NMR (100 MHz, DMSO-d6) δ (ppm): 18.4, 24.6, 89.2, 110.4, 118.3, 124.5, 127.6, 130.5, 

133.4, 136.6, 140.1, 143.5, 146.3, 148.0, 150.6, 164.2; MS: m/z (%) 378 (M+, 1.98); Anal. 

Calcd. for C20H18N4O2S (378.45): C, 63.47; H, 4.79; N, 14.80 %. Found: C, 63.36; H, 4.84; N, 

14.89 %. 
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2.4. 5-Methyl-2-(phenylamino)-3-(phenylsulfonyl)pyrazolo[1,5-a]pyrimidin-7-ol (5). 

Gray powder; yield (70.3%); m.p.100-102 °C; IR (KBr): ν/cm-1= 3454 (OH), 3370 

(NH), 1606 (C=N), 1132, 1072 (SO2); 1H NMR (DMSO-d6) δ (ppm): 2.39 (s, 3H, CH3), 5.84 

(s, 1H, C5-H pyrimidine), 6.84-8.22 (m, 10H, Ar-H), 11.31 (s, 1H, NH, D2O exchangeable), 

11.87 (s, 1H, OH, D2O exchangeable); 13C NMR (100 MHz, DMSO-d6) δ (ppm): 24.8, 89.5, 

110.2, 118.5, 124.4, 127.6, 130.5, 133.2, 136.3, 140.0, 143.2, 148.4, 150.6, 164.3, 172.6; MS: 

m/z (%) 380 (M+, 15.52); Anal. Calcd. for C19H16N4O3S (380.42): C, 59.99; H, 4.24; N, 14.73 

%. Found: C, 59.94; H, 4.17; N, 14.68 %. 

2.5. Synthesis of 2-(phenylamino)-3-(phenylsulfonyl)pyrazolo[1,5-a]pyrimidine-5,7-diol (6). 

Fusion the compound 3 (0.31 g, 10 mmol) and diethyl malonate (0.16 g, 10 mmol) for 

5 h. The cold reaction mixture was washed with ethanol, and the obtained precipitate was 

filtered and recrystallized from EtOH to give 6. 

Yellowish white crystals; yield (97%); m.p.162-164 °C; IR (KBr): ν/cm-1= 3441 (2OH), 

3336 (NH), 1629 (C=N), 1129, 1070 (SO2); 1H NMR (DMSO-d6) δ (ppm): 5.87 (s, 1H, C5-H 

pyrimidine), 7.02-8.01 (m, 10H, Ar-H), 8.89 (s, 1H, NH, D2O exchangeable), 11.65, 11.78 (s, 

2H, 2OH, D2O exchangeable); 13C NMR (100 MHz, DMSO-d6) δ (ppm): 89.3, 108.4, 118.5, 

124.8, 127.3, 130.5, 133.3, 136.5, 140.3, 143.6, 148.2, 150.6, 168.7, 172.1; MS: m/z (%) 382 

(M+, 17.55); Anal. Calcd. for C18H14N4O4S (382.39): C, 56.54; H, 3.69; N, 14.65 %. Found: C, 

56.46; H, 3.62; N, 14.60 %. 

2.6. Synthesis of 2-cyano-N-(3-(phenylamino)-4-(phenylsulfonyl)-1H-pyrazol-5-yl)acetamide 

(7). 

A mixture of 3-(3,5-dimethyl-1H-pyrazol-1-yl)-3-oxopropanenitrile (10 mmol) and 3 

(10 mmol) and in dry dioxane (10 mL) was refluxed for 7h. The solid precipitate that formed 

on cooling was filtered and recrystallized from toluene to afford 7. 

White powder; yield (62.5%); m.p.140-142 °C; IR (KBr): ν/cm-1= 3402, 3355, 3282 

(3NH), 2262 (CN), 1663 (CO), 1623 (C=N), 1129, 1070 (SO2); 1H NMR (DMSO-d6) δ (ppm): 

3.78 (s, 2H, CH2), 6.82-7.98 (m, 10H, Ar-H), 9.71, 10.44, 11.37 (s, 3H, 3NH, D2O 

exchangeable); 13C NMR (100 MHz, DMSO-d6) δ (ppm): 24.8, 88.2, 117.6, 118.5, 124.6, 

127.8, 130.2, 133.4, 136.4, 140.2, 143.5, 150.3, 152.4, 168.6; MS: m/z (%) 381 (M+, 24.20); 

Anal. Calcd. for C18H15N5O3S (381.41): C, 56.68; H, 3.96; N, 18.36 %. Found: C, 56.62; H, 

3.89; N, 18.28 %. 

2.7. Synthesis of 7-amino-2-(phenylamino)-3-(phenylsulfonyl)pyrazolo[1,5-a]pyrimidin-

5(4H)-one (8). 

Method A: Fusion the compound 3 (0.31 g, 10 mmol) and ethyl cyanoacetate (0.11 g, 

10 mmol) for 5 h, and then left to cool. The reaction mixture was washed with ethanol. The 

formed precipitate was collected by filtration and purified from EtOH to give  8. 

Method B:  In glacial acetic acid (20 mL), compound 7 (10 mmol) was refluxed for 5 h. The 

formed solid material was filtered and purified from EtOH to give 8. 

Yellowish white; yield (95%); m.p.160-162 °C; IR (KBr): ν/cm-1= 3441, 3402 (NH2), 

3337, 3282 (2NH), 1699 (C=O), 1629 (C=N), 1130, 1070 (SO2); 1H NMR (DMSO-d6) δ (ppm):  

6.13 (s, 2H, NH2 , D2O exchangeable), 6.83-7.99 (m, 10H, Ar-H), 7.46 (s, 1H, C5-H 

pyrimidine), 9.80, 11.32 (s, 2H, 2NH, D2O exchangeable); 13C NMR (100 MHz, DMSO-d6) δ 
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(ppm): 89.3, 108.4, 118.6, 124.3, 127.2, 130.0, 133.2, 136.4, 140.5, 143.6, 148.3, 150.4, 158.6, 

167.8; MS: m/z (%) 381 (M+, 22.27); Anal. Calcd. for C18H15N5O3S (381.41): C, 56.68; H, 

3.96; N, 18.36 %. Found: C, 56.64; H, 4.04; N, 18.45 %. 

2.8. Synthesis of 7-amino-pyrazolo[1,5-a]pyrimidine-6-carbonitrile derivatives 9-11. 

2.8.1. General procedure.  

A solution of compound 3 (0.31 g, 10 mmol) and arylidenemalononitriles (10 mmol) 

and a catalytic amount of triethylamine in absolute ethanol (20 mL) was refluxed for 8 h. The 

solid product was collected and recrystallized from ethanol to give 9–11. 

2.9. 7-Amino-2-(phenylamino)-3-(phenylsulfonyl)-5-(o-tolyl)pyrazolo[1,5-a]pyrimidine-6-

carbonitrile (9). 

White powder; yield (82%); m.p. 120-122 °C; IR (KBr): ν/cm-1= 3461, 3402 (NH2), 

3363 (NH), 2224 (CN), 1133, 1071 (SO2);  1H NMR (DMSO-d6) δ (ppm): 2.43 (s, 3H, CH3), 

6.12 (s, 2H, NH2, D2O exchangeable), 7.03-8.32 (m, 14H, Ar-H), 8.74 (s, 1H, NH, D2O 

exchangeable);13C NMR (100 MHz, DMSO-d6) δ (ppm): 18.9, 88.6, 89.5, 117.4, 118.7, 121.3. 

124.5, 125.8, 126.8, 127.6, 128.3, 129.5, 130.6, 133.4, 134.3, 136.2, 140.3, 143.6, 148.5, 150.6, 

163.1, 172.8; MS: m/z (%) 480 (M+, 10.23); Anal. Calcd. for C26H20N6O2S (480.55): C, 64.99; 

H, 4.20; N, 17.49 %. Found: C, 64.89; H, 4.13; N, 17.44 %. 

2.10. 7-Amino-5-(3-bromo-4-methoxyphenyl)-2-(phenylamino)-3-(phenylsulfonyl)pyrazolo 

[1,5-a]pyrimidine-6-carbonitrile (10). 

Yellow powder: yield (89.8%); m.p. 138-140 °C; IR (KBr): ν/cm-1= 3447, 3402 (NH2), 

3356 (NH), 2223 (CN), 1627 (C=N), 1130, 1071 (SO2); 1H NMR (DMSO-d6) δ (ppm):  3.99 

(s, 3H, OCH3), 6.12 (s, 2H, NH2 , D2O exchangeable), 7.41 (d, 1H, J=  7.50 Hz, Ar-H), 8.03 

(d, 1H, J=  7.50 Hz, Ar-H), 8.05-8.22 (m, 10H, Ar-H), 8.40 (s, 1H, Ar-H), 8.64 (s, 1H, NH, 

D2O exchangeable); 13C NMR (100 MHz, DMSO-d6) δ (ppm): 55.6, 88.5, 89.4, 108.5, 112.6, 

117.3, 118.6, 124.4. 126.1, 127.4, 129.5, 130.5, 133.8, 134.6, 136.3, 140.8, 143.6, 148.0, 150.3, 

157.4, 163.5, 172.1; MS: m/z (%) 575 (M+, 12.33); Anal. Calcd. for C26H19BrN6O3S (575.44): 

C, 54.27; H, 3.33; N, 14.60 %. Found: C, 54.17; H, 3.27; N, 14.56 %. 

2.11. 7-Amino-5-(2,5-dimethoxyphenyl)-2-(phenylamino)-3-(phenylsulfonyl)pyrazolo[1,5-

a]pyrimidine-6-carbonitrile (11). 

Yellowish brown crystals: yield (94%); m.p. 122-124 °C; IR (KBr): ν/cm-1= 3455, 3350 

(NH2), 3280 (NH), 2218 (CN), 1629 (C=N), 1130, 1072 (SO2); 1H NMR (DMSO-d6) δ (ppm): 

3.76 (s, 3H, OCH3),  3.86 (s, 3H, OCH3), 6.53 (s, 2H, NH2 , D2O exchangeable), 7.05 (s, 1H, 

Ar-H), 7.20 (d, 1H, J=  7.21 Hz, Ar-H), 7.29-7.74 (m, 10H, Ar-H), 7.98 (d, 1H, J= 7.21 Hz, 

Ar-H), 8.44 (s, 1H, NH, D2O exchangeable); 13C NMR (100 MHz, DMSO-d6) δ (ppm): 55.7, 

56.2, 88.3, 89.5, 112.5, 117.1, 118.4, 119.3, 121.2, 124.6. 127.1, 129.5, 130.8, 133.9, 136.2, 

140.1, 143.8, 148.5, 150.2, 153.2, 156.4, 163.4, 172.3; MS: m/z (%) 526 (M+, 64.30); Anal. 

Calcd. for C27H22N6O4S (526.57): C, 61.59; H, 4.21; N, 15.96 %. Found: C, 61.55; H, 4.15; N, 

15.88 %. 
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2.12. Synthesis of 8,8-Dimethyl-2-(phenylamino)-3-(phenylsulfonyl)-8,9-dihydropyrazolo[1,5-

a]quinazolin-6(7H)-one (12). 

After refluxing in glacial acetic acid (20 mL) compound 3 (10 mmol) and 

enaminonodimedone (10 mmol) for 6 h, the obtained solid product was filtered and purified 

from ethanol to yield 12. 

White sheets: yield (98%); m.p. 278-280 °C; IR (KBr): ν/cm-1= 3363 (NH), 1687 

(C=O), 1146, 1071 (SO2); 1H NMR (DMSO-d6 ) δ (ppm): 1.12 (s, 6H, 2CH3), 2.55 (s, 2H, 

CH2), 3.21 (s, 2H, CH2), 7.06-8.17 (m, 10H, Ar-H), 8.64 (s, 1H, C4-H pyrimidine), 8.93 (s, 1H, 

NH, D2O exchangeable); 13C NMR (100 MHz, DMSO-d6) δ (ppm):  27.8, 28.5, 34.3, 48.1, 

51.7, 88.4, 118.5, 120.5, 124.6, 127.1, 130.2, 133.6, 136.5, 140.3, 143.8, 148.1, 150.6, 156.3, 

168.2, 192.6; MS: m/z (%) 446 (M+, 8.01); Anal. Calcd. for C24H22N4O3S (446.53): C, 64.56; 

H, 4.97; N, 12.55 %. Found: C, 64.64; H, 5.03; N, 12.50 %. 

2.13. Synthesis of N-phenyl-3-(phenylsulfonyl)-9-(pyridin-3-yl)-5-(pyridin-3-ylmethylene)-

5,6,7,8-tetrahydropyrazolo[5,1-b]quinazolin-2-amine (13). 

2,6-Bis(pyridin-3-ylmethylene)cyclohexan-1-one ( 10 mmol) and 3 (10 mmol) was 

boiled in absolute ethanol (10 ml) and a catalytic amount of triethylamine for 8h. The 

precipitated solid that formed on cooling was filtered and washed with ethanol to afford 13. 

Orange powder: yield (74%); m.p. 256-258 °C; IR (KBr): ν/cm-1= 3376 (NH), 1627 

(C=N), 1130, 1071 (SO2); 1H NMR (DMSO-d6) δ (ppm): 1.75 (m, 2H, CH2), 2.64 (t, 2H, CH2), 

2.92 (t, 2H, CH2), 6.82-8.81 (m, 18H, Ar-H), 8.53 (s, 1H, CH=C), 8.87 (s, 1H, NH, D2O 

exchangeable); 13C NMR (100 MHz, DMSO-d6) δ (ppm): 23.4, 28.7, 30.6, 88.5, 118.7, 120.3, 

122.0, 124.5, 127.6, 130.6, 131.4, 132.4, 133.5, 134.2, 135.1, 136.2, 137.6, 138.4, 140.3, 143.4, 

144.7, 145.8, 146.2, 147.5, 148.2, 149.5, 150.6, 162.1, 165.3; MS: m/z (%) 570 (M+); Anal. 

Calcd. for C33H26N6O2S (570.67): C, 69.46; H, 4.59; N, 14.73 %. Found: C, 69.41; H, 4.52; N, 

14.65 %. 

2.14. Synthesis of imidazo[1,2-b]pyrazole derivatives 14-17. 

2.14.1. General procedure. 

A mixture of compound 3 (0.31 g, 10 mmol) and α-haloketone  as such chloroacetone 

(0.09 g, 10 mmol), phenacyl bromide (0.19 g, 10 mmol), 2-bromo-1-(naphtho[2,1-b]furan-2-

yl)ethan-1-one (0.28 g, 10 mmol), 2-(benzo[d]thiazol-2-yl)-4-chloro-3-oxobutanenitrile (0.25 

g, 10 mmol) in DMF (15 ml) containing glacial acetic acid (1 ml) was refluxed for 24h. The 

separated solid material on cooling was filtered and washed with ethanol to yield 14-17.  

2.15. 2-Methyl-N-phenyl-7-(phenylsulfonyl)-1H-imidazo[1,2-b]pyrazol-6-amine (14). 

Beige sheets: yield (69%); m.p. 150-152 °C; IR (KBr): ν/cm-1= 3448, 3381 (2NH), 1601 

(C=N), 1133, 1072 (SO2); 1H NMR (DMSO-d6) δ (ppm): 3.32 (s, 3H, CH3), 6.13 (s, 1H, C4-H 

imidazole), 7.22-7.99 (m, 10H, Ar-H, NH), 11.32 (s, 1H, NH, D2O exchangeable); 13C NMR 

(100 MHz, DMSO-d6) δ (ppm): 14.6, 89.2, 118.3, 122.8, 124.5, 127.6, 130.4, 133.2, 136.4, 

140.4, 143.6, 146.2, 148.3, 150.7; MS: m/z (%) 352 (M+); Anal. Calcd. for C18H16N4O2S 

(352.41): C, 61.35; H, 4.58; N, 15.90 %. Found: C, 61.31; H, 4.52; N, 15.93 %. 
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2.16. N,2-Diphenyl-7-(phenylsulfonyl)-1H-imidazo[1,2-b]pyrazol-6-amine (15). 

Orange powder: yield (67%); m.p. 100-102 °C; IR (KBr): ν/cm-1= 3459, 3376 (2NH), 

1601 (C=N), 1130, 1071 (SO2); 1H NMR (DMSO-d6) δ (ppm): 7.02-8.01 (m, 15H, Ar-H), 8.46 

(s, 1H, C4-H imidazole), 8.82, 12.54 (s, 2H, 2NH, D2O exchangeable); 13C NMR (100 MHz, 

DMSO-d6) δ (ppm): 89.2, 118.4, 120.0, 124.6, 126.3, 127.8, 128.6, 129.7, 130.8, 133.5, 136.4, 

138.1, 140.2, 143.6, 144.3, 148.0, 150.5; MS: m/z (%) 414 (M+); Anal. Calcd. for C23H18N4O2S 

(414.48): C, 66.65; H, 4.38; N, 13.52 %. Found: C, 66.56; H, 4.36; N, 13.46 %. 

2.17. 2-(Naphtho[2,1-b]furan-2-yl)-N-phenyl-7-(phenylsulfonyl)-1H-imidazo[1,2-b]pyrazol-

6-amine (16). 

Brown powder: yield (73%); m.p. > 300 °C; IR (KBr): ν/cm-1= 3440, 3380 (2NH), 1601 

(C=N), 1132, 1071 (SO2); 1H NMR (DMSO-d6) δ (ppm): 7.14 (s, 1H, C3-H furan), 7.32-8.35 

(m, 16H, Ar-H), 8.48 (s, 1H, C4-H imidazole), 8.86, 12.68 (s, 2H, 2NH, D2O exchangeable); 

13C NMR (100 MHz, DMSO-d6) δ (ppm): 89.3, 105.4, 110.6, 118.8, 120.2, 121.3, 122.6, 123.4, 

124.6, 126.0, 127.8, 128.1, 129.4, 130.3, 131.6, 133.5, 136.4, 138.1, 140.2, 143.6, 148.3, 149.4, 

150.8, 155.7; MS: m/z (%) 504 (M+); Anal. Calcd. for C29H20N4O3S (504.56): C, 69.03; H, 

4.00; N, 11.10 %. Found: C, 68.99; H, 3.93; N, 11.07 %. 

2.18. 2-(Benzo[d]thiazol-2-yl)-2-(6-(phenylamino)-7-(phenylsulfonyl)-1H-imidazo[1,2-

b]pyrazol-2-yl)acetonitrile (17). 

Brown powder: yield (72%); m.p. 222-224 °C; IR (KBr): ν/cm-1= 3444, 3383 (2NH), 

2206 (CN), 1601 (C=N), 1129, 1072 (SO2); 1H NMR (DMSO-d6) δ (ppm):  4.98 (s, 1H, 

CHCN), 6.86 (s, 1H, C4-H imidazole), 7.34-8.17 (m, 14H, Ar-H), 8.89, 12.65 (s, 2H, 2NH, 

D2O exchangeable); 13C NMR (100 MHz, DMSO-d6) δ (ppm): 42.3, 89.4, 117.2, 118.1, 120.2, 

121.6, 122.4, 124.5, 125.2, 126.5, 127.8, 130.3, 133.4, 135.1, 136.0, 137.6, 140.5, 143.6, 148.2, 

150.2, 152.8, 168.0; MS: m/z (%) 510 (M+); Anal. Calcd. for C26H18N6O2S2 (510.59): C, 61.16; 

H, 3.55; N, 16.46 %. Found: C, 61.08; H, 3.58; N, 16.43 %. 

3. Results and Discussion 

The above data encourage us to select N3-phenyl-4-(phenylsulfonyl)-1H-pyrazole-3,5-

diamine (3) as a starting compound to prepare new polyfunctional substituted fused 

heterocyclic compounds with anticipated biological activity. So, treatment of 2-

(phenylsulfonyl)acetonitrile (1) with phenyl isothiocyanate and methyl iodide gave 3-

(methylthio)-3-(phenylamino)-2-(phenylsulfonyl)acrylonitrile (2), which previously prepared 

according to literature procedure [50], and then cyclized with hydrazine hydrate in ethanol to 

give pyrazole derivative 3. (Scheme 1). Structure 3 was based on the elemental analysis and 

spectroscopic studies. Hence, the IR spectrum of 3 showed NH2 absorption bands' presence at 

3445, 3402 cm-1 and the disappearance of CN group. Compound 3 displayed three singlet 

signals at δ 6.13, 10.95, and 10.99 ppm due to NH2 and two NH groups in its 1H NMR spectrum, 

while the mass spectrum showed m/z = 314 referred to its correct molecular ion. 

A new synthetic process to create the pyrimidine moiety in compound 3 fused to the 

pyrazole nucleus based on the reaction of 1,3-dicarbonyl compounds. So, treatment of 

compound 3 with acetylacetone in glacial acetic acid produced pyrazolo[1,5-a]pyrimidine 

derivative 4. The purity of compound 4 was confirmed by their spectroscopic data. The 1H 

NMR spectrum showed singlet signals at δ 2.55, 2.66, 7.07, and 8.50 ppm owing to two methyl, 
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C5-H pyrimidine, and imino protons, individually. Its 13C NMR spectrum displayed signals at 

δ 18.4, 24.6, and 89.2 ppm belong to two methyls and NH groups. The mass spectrum showed 

m/z = 378 referred to its correct molecular ion.  

 
Scheme 1. Synthetic route to pyrazole derivative. 

Also, compound 3 reacted with acetoacetanilide in glacial acetic acid produced 

pyrazolopyrimidine derivative 5. Structure 5 was confirmed based on its elemental and spectral 

data. The IR spectrum of 5 showed the presence of OH absorption band at 3454 cm-1. Its 1H 

NMR spectrum revealed three singlet signals at δ 2.39, 5.84, and 11.87 ppm due to methyl, C5-

H pyrimidine, and OH protons. Its 13C NMR spectrum displayed a signal due to the methyl 

group at δ 24.8 ppm. The structure of compound 5 was also by its mass spectrum, which 

showed a peak at m/z = 380 (M+, 15.52 %). Similarly, refluxing of compound 3 with ethyl 

acetoacetate in glacial acetic acid led to the formation of a product identical in all respects 

(m.p., mixed m.p., IR, 1H NMR, and 13C NMR) to 5 (Scheme 2). 

Moreover, the fusion of compound 3 with diethyl malonate produced pyrazolo[1,5-

a]pyrimidine derivative 6. The purity of compound 6 was confirmed by their spectroscopic 

data. The infrared spectrum displayed absorption bands at 3441 and 3336 cm-1 specific to two 

hydroxy and NH groups. Its 1H NMR spectrum showed singlet signals at δ 5.87, 8.89, 11.65, 

and 11.78 ppm owing to C5-H pyrimidine, imino, and two hydroxy protons, individually. The 

mass spectrum showed m/z = 382 referred to its correct molecular ion.  

Formation of pyrazolo[1,5-a]pyrimidin-5-one derivative 8 was achieved via 

cyanoacetylation of compound 3 with 3-(3,5-dimethyl-1H-pyrazol-1-yl)-3-oxopropanenitrile 

in boiling dioxane yielded 2-cyano-N-(3-(phenylamino)-4-(phenylsulfonyl)-1H-pyrazol-5-

yl)acetamide (7), which undergo an intramolecular nucleophilic cycloaddition reaction in 

glacial acetic acid produced 7-amino-2-(phenylamino)-3-(phenylsulfonyl)pyrazolo[1,5-

a]pyrimidin-5(4H)-one (8). The structure of compounds 7 and 8 was confirmed based on its 

correct elemental and spectral analyses. Hence, compound 7 showed in its IR spectrum CN 

absorption bands at 2262 cm-1 and C=O group at 1663 cm-1. The 1H NMR spectrum revealed 

a singlet signal at δ 3.78 ppm due to CH2. Its 13C NMR spectrum displayed signal due to CH2 

group at δ 24.8 ppm. The IR spectrum of 8 showed the disappearance of CN and formed new 

absorption bands at 3441, 3402 cm-1 due to NH2 group. Its 1H NMR spectrum revealed singlet 

signals at δ 6.13, 7.46, 9.80, and 11.32 ppm corresponding to amino, C5-H pyrimidine, and two 

imino protons, respectively. The mass spectra of compounds 7 and 8 revealed molecular ion 

peaks correspond with their suggested structures shown in Scheme 3.  
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Scheme 2. Synthetic route to pyrazolo[1,5-a]pyrimidine derivatives. 

 
Scheme 3. Synthetic route to pyrazolo[1,5-a]pyrimidin-5-one derivative. 

On the other hand, treatment of 3 with arylidenemalononitrile in absolute ethanol and 

a catalytic amount of triethylamine produced 7-amino-5-aryl-2-(phenylamino)-3-

(phenylsulfonyl)pyrazolo[1,5-a]pyrimidine-6-carbonitrile derivatives 9-11, respectively. 

Compounds 9-11  established their correct structure based on spectral and analytical analyses. 

Hence, compound 9 showed in its IR spectrum NH2 absorption bands at 3461, 3402 cm-1, and 

CN group at 2224 cm-1. The 1H NMR spectrum revealed singlet signals at δ 2.43 and 6.12 ppm 

due to methyl and NH2 protons.  

 The 1H NMR spectrum of 10 exhibited signals at δ 3.99, 6.12 and 8.40 ppm assignable 

for OCH3, NH2 and CH protons. Also, two doublets at δ 7.41 and 8.03 ppm due to vicinal two 

CH protons. The 1H NMR spectrum of 11 exhibited signals at δ 3.76, 3.86, 6.53, and 7.05 ppm 

assignable for two OCH3, NH2, and CH protons. Its 13C NMR spectrum displayed signals at δ 

55.7 and 56.2 ppm belong to two OCH3 groups. The mass spectra of compounds 9-11  

displayed molecular ion peaks at m/z = 480 (M+), 575 (M+), and 526 (M+), respectively, which 

are in match with their molecular formulas. 

Moreover, pyrazolo[1,5-a]quinazolin-6(7H)-one derivatives 12 prepared by the 

reaction of 3 with 2-((dimethylamino)methylene)-5,5-dimethylcyclohexane-1,3-dione [51] in 
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glacial acetic acid. Structure 12 was deduced by elemental analysis and spectral data. The 

infrared spectrum displayed an absorption band at 1687 cm-1 specific to cyclic C=O. Its 1H 

NMR spectrum showed singlet signals at δ 1.12, 2.55, 3.21, 8.64, and 8.93 ppm owing to two 

methyls, two cyclic methylene, C4-H pyrimidine, and imino protons, individually. Its 13C NMR 

spectrum displayed signals at δ 27.8, 28.5, 34.3, 48.1, and 192.6 ppm belong to two methyls, 

two cyclic methylene and CO groups. The mass spectrum showed m/z = 446 referred to its 

correct molecular ion (Scheme 4).  

 
Scheme 4. Synthesis of pyrazolopyrimidine and quinazoline derivatives 9-12. 

Furthermore, it was studied the reaction of 2,6-bis(pyridin-3-ylmethylene)cyclohexan-

1-one with compound 3 in absolute ethanol and a catalytic amount of triethylamine yielded 

product 13.  
1H NMR spectrum of 13 referred  multiplet signal at δ 1.75 ppm due to cyclic 

methylene, triplet signals at δ 2.64 and 2.92 ppm due to two cyclic methylene and singlet signal 

at δ 8.53 ppm owing to vinylic CH proton. Its 13C NMR spectrum displayed signals at δ 23.4, 

28.7 and 30.6 ppm belong to three cyclic methylene groups. The mass spectrum showed m/z = 

570 referred to its correct molecular ion (Scheme 5). 

 
Scheme 5. Synthesis of pyrazoloquinazoline derivative 13. 

In addition, treatment of 3 with α-haloketone derivatives such as chloroacetone or 

phenacyl bromide or 2-bromo-1-(naphtho[2,1-b]furan-2-yl)ethan-1-one or 2-(benzo[d]thiazol-

2-yl)-4-chloro-3-oxobutanenitrile in DMF containing glacial acetic acid yielded compounds 

14-17. Their spectroscopic data confirmed the purity of compounds 14-17. The IR spectra of 

14-17 showed bands at 3459-3383 and 2206 cm-1 due to NH and CN groups, respectively. The 
1H NMR spectrum of 14 revealed three singlet signals at δ 3.32, 6.13, and 11.32 ppm due to 

CH3, C4-H imidazole, and NH protons. Its 13C NMR spectrum displayed a signal due to CH3 

at δ 14.6 ppm. The 1H NMR spectrum of 17 revealed singlet signals at δ 4.98, 6.86, 8.89 and 
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12.65 ppm due to CHCN, C4-H imidazole, and two NH protons, respectively. The mass spectra 

of compounds 14-17 displayed molecular ion peaks at m/z = 352 (M+), 414 (M+), 504 (M+), 

and 510 (M+), respectively, which are in match with their molecular formulas (Scheme 6). 

 
Scheme 6. Synthesis of imidazopyrazole derivatives 14-17. 

3.1. Pharmacology. 

3.1.1. Antioxidant activity using DPPH assay. 

The newly prepared compounds were estimated as antioxidants by a DPPH assay at a 

2.5 mg / mL concentration of each sample tested. Vitamin C was used as a drug reference. The 

antioxidant activity was tested using "1,1-diphenyl-2-picrylhydrazyl radical (DPPH●) "  as a 

stable radical compound. Its oxidation process is extensively used in the placement of the 

capability of free radical scavengers or hydrogen donor capacity after an in vitro test. The 

antioxidant type of tests is recommended for derivatives, including active species such as 

nitrogen, oxygen, and carbon atoms. As earlier published [52-59], the antioxidant test action 

mechanism was supposed, started by hydrogen atom transfer, a single electron, and 

accompanied by a proton transfer. The antioxidant results of the tested samples were specified 

based on the anti-radical effect of the stable free radical of DPPH [60]. 

Table 1 showed that the inhibitory concentrations (IC50), compounds 5, and 17 provide 

the highest antioxidant activity approach for ascorbic acid results. Otherwise, compounds 15, 

11, 10, and 9 showed moderate activity, while compounds 4, 13, and 12 have low activity. 

Furthermore, the modifications computed in the antioxidant activity of test samples 

based on inhibition % are displayed in Table 1. The antioxidant activity of the tested 

compounds can be ordered as followed: Vit. C > 5 > 17 > 15 > 11 > 10 > 9 > 12 > 13 > 4. 

Furthermore, the values of inhibition % was calculated at different concentrations (0.31, 0.16 

and 0.08 mg/ mL) for each tested compound, it was observed that compounds 17 and 5 

exhibited the higher activity at the lower concentration (0.08 mg/ mL) with inhibition at 68.78 

and 76.98%, correspondingly (Fig. 1).  

Comparing the obtained results and chemical structure of the prepared compounds, it 

was concluded that the presence of the phenolic group in the structure of compound 5 enhanced 

the antioxidant capacity. The presence of many nitrogen and sulfur atoms in compound 17 

improved the antioxidant activity [61]. On the other hand, the lower antioxidants results of 

compounds 4, 13, and 12 can be explained based on alkyl and aryl substituents' nature attached 

to pyrazolo[1,5-a]pyrimidine ring system.  

In general, the presence of aryl sulfonyl moiety in the synthesized compounds' structure 

improved the antioxidant capacity [62]. 
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The oxidation prospects of the prepared compounds are concerned with compounds' 

ability to break down the free radicals chain via the hydrogen atoms donation [60].  

Table 1. Inhibitive concentration (IC50) and inhibition % values of the antioxidant activity of the investigated 

compounds. 

Compound 

No. 

IC50 

(mg/ mL) 

% Inhibition at 

0.31 mg/ mL 

% Inhibition at 

0.16mg/ mL 

% Inhibition at 

0.08mg/ mL 

4 1.360 51.64 50.82 -- 

5 0.028 85.86 81.97 76.98 

9 0.040 80.74 72.88 65.30 

10 0.039 70.83 64.89 57.92 

11 0.038 -- 68.17 60.04 

12 0.317 58.13 52.19 -- 

13 0.391 75.34 67.76 65.78 

15 0.036 75.96 70.29 66.80 

17 0.031 80.81 76.30 68.78 

Vit. C 0.022 -- -- -- 

 

 

Figure 1. The structure-activity relationship (SAR) of the inspected structures. 

4. Conclusions 

 The present work was a study to prepare and estimate the antioxidant activity of some 

new polyfunctional substituted pyrazolo[1,5-a]pyrimidine, pyrazolo[5,1-b]quinazoline, and 

imidazo[1,2-b]pyrazole derivatives containing the phenylsulfonyl moiety. From the activity 

data, compounds 5 and 17 displayed the highest compared to ascorbic acid activity. 
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