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Abstract: Aims: The aim of this present work was to design and establish an efficient 

synthesis of new thienyl pyrazolo[1,5‐a] pyrimidines using an environmentally friendly 

reaction solvent. Further, the newly synthesized compounds were evaluated for antimi-

crobial activity.  

Materials and Methods: A series of thienyl pyrazolo[1,5‐a] pyrimidines have been syn-

thesized by the condensation reaction of 4‐(4’‐chloro‐phenylazo)‐5‐amino pyrazole with 

α, β‐  unsaturated carbonyl composites  (chalcones)  using NaOH in polyethylene glycol-

400 as a green reaction solvent. The dissemination technique recommended by the Na-

tional Clinical Laboratory Standards Committee was used to study the antimicrobial ac-

tivities of synthesized compounds.

Results and Discussion: Polyethylene glycol-400 prompting an efficient synthesis of 

thienyl pyrazolo[1,5‐a] pyrimidines have been discussed. Excellent yields of the prod-

ucts were obtained in a shorter reaction time using PEG 400 as a green reaction solvent. 

The reaction solvent was recovered and reused without the loss of its activity. The syn-

thesized compounds have shown interesting antibacterial activity. Hydroxyl and halo 

substitution with thienyl moiety emerged as an active antibacterial and antifungal study. 

Conclusion: The advantage of this methodology is that it incorporates the green method, 

has excellent yields, easy workup, avoids toxic solvents, and an expensive catalyst. The 

new dimension pyrazolo[1,5-a] pyrimidine derivatives with thienyl moiety exhibit prom-

ising anti-microbial activity.
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1. INTRODUCTION 

 Pyrazolo [1,5-a]pyrimidine structure is a fused, rigid ni-
trogen-heterocyclic system containing both pyrazole and 
pyrimidine rings [1]. Pyrazolopyrimidines are of particular 
importance due to a wide range of biological activities such 
as antimicrobial [2, 3], anti-inflammatory [4], antiviral [5, 6], 
antileukemic [7], antituberculosis [8], and antitumor [9]. 
Pyrazolo[1,5-a]pyrimidine scaffold is a part of bioactive 
compounds with exceptional properties like selective protein 
inhibitor [10], hepatitis-c virus inhibitors [11], anticancer [12], 
radioprotectant [13] and psychopharmacological activities 
[14]. Perhaps the most well-known examples are approved 
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sedative agents including Indiplon [15], Zaleplon [16], and 
Ocinaplon [17] containing pyrazolo-pyrimidine skeleton 
available in the market (Fig. 1).

Fig. (1). Drug containing pyrazolo-pyrimidine skeleton. (A higher 
resolution/colour version of this figure is available in the electronic 
copy of the article). 
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 Usually, pyrazolopyrimidine derivative synthesis involves 
the interaction of NH-3-aminopyrazoles with different 1,3-
biselectrophilic compounds such as β-dicarbonyls, β-
enaminones, β-haloenones, and β-ketonitriles [1, 18-22]. Clas-
sical conditions for the synthesis of pyrazolo[1,5-a] pyrim-
idines involve refluxing a 5-amino-4-aryl-pyrazole with 2-
arylmalondialdehyde in ethanol with catalytic acetic acid for 
24 hrs to deliver pyrazolo[1,5-a] pyrimidines [23]. These re-
ported methods have limitations of low (40-59%) yields of the 
products and longer reaction time. To overcome these limita-
tions, the demand for environmentally-friendly reactive sol-
vents has been growing. The replacement of toxic and non-
volatile solvents is one of the green chemistry principles [24]. 

 In recent years, PEG has been established as an interest-
ing solvent system [25]. The significant distinction between 
PEG and other neoteric solvents is their toxicological proper-
ties, short and long-term risks, biodegradability, etc. Poly-
ethylene glycol-400 has been shown to have many applica-
tions [26-28], especially in substitution, oxidation, and re-
duction reactions as an environmentally friendly protocol.  

2. EXPERIMENTAL 

2.1. Chemistry 

 All the chemicals used in this research were analytical 
grade and from Himedia Chemical. An IR spectra of com-
pounds were recorded (in KBr pellets) on a Shimadzu spec-
trophotometer. 1H NMR spectra were recorded (in DMSO-
d6) on Avance-300 MHz spectrometer using TMS as an in-
ternal standard (chemical shift values are given in δ ppm). 
The mass spectra were recorded on an EI-Shimadzu-GC-
Mass spectrometer. Melting points were determined by an 
open capillary method and were uncorrected. The purity of 
synthesized products was checked by thin-layer chromatog-
raphy on a microscopic slide with silica Gel-G layers. TLC 
spots were visualized in the UV/ iodine chamber. 

2.2. A General Method for the Synthesis of Pyrazolo [1, 
5-a] Pyrimidines 3(a-l) 

 A mixture of chalcone 1(a-l) (1mMol), 4-(4’-chloro-
phenylazo)-5-amino pyrazole 2 (1 mMol), and NaOH (pow-
dered) was taken in 10 mL of polyethylene glycol-400 as a 
reaction solvent. The reaction mixture was stirred with heat 
at 80°C for 3 hours. The progress of the reaction was 
checked by thin-layer chromatography (TLC). After com-
pleting the reaction, the contents were poured into a 20 mL 
ice-cold water under stirring and extracted with diethyl ether 
(2 x 20 mL). The combined organic layers were dried over 
anhydrous Na2SO4, and the solvent was evaporated under 
reduced pressure. The crude product was recrystallized from 
aqueous DMF to afford the pure product. Similarly, all other 
derivatives of pyrazolo [1, 5-a] pyrimidine were prepared by 
the same procedure. The physico-chemical data of the syn-
thesized compounds are given in Table 1. 

2.3. Spectroscopic Data for Synthesized Compounds 

2.3.1. 7-(2-butyl-4-chloro-1H-imidazol-5-yl)-3-((4-chlorop-
henyl)diazenyl)-5-(2,5-dichlorothio phen-3-yl)pyrazolo[1, 
5-a]pyrimidin-2-amine (3a) 

 Yellow crystals; 92%; mp 258-260 ºC. 

 IR (KBr, cm-1): 3356, 3072, 2919, 2850, 1580, 1428, 
1198, 1038, 982, 826, 778, 656. 

 1H NMR (300 MHz, DMSO-d6, δ ppm): 0.92(t, 3H, J 7.2 
Hz, CH3), 1.32 (m, 2H, J 7.5 Hz, CH2), 1.71 (m, 2H, J 7.5 
Hz, CH2), 2.82 (t, 2H, -CH2), 4.72 (s, br 2H, NH2), 6.98-7.80 
(m, 4H, Ar-H, Thiophene and Imidazole), 7.78 (s, 1H, 6H of 
pyrimidine).  

 13C NMR (100 MHz, DMSO-d6, δ ppm): 15.2, 22.4, 
28.2, 30.6, 88.2, 106.6, 116.5, 123.2, 127.2, 128.6, 128.8×2, 
129.2×2, 130.1×2, 131.3×2, 134.6, 134.4, 138.2, 149.9, 
163.6,  

 M.S. (m/z): 580 [M+ ion]. 

 Anal. Calc. for C23H18Cl4N8S: C 47.60; H 3.13; N 19.31; 
Found: C 47.58; H 3.08; N 19.29%. 

2.3.2. 5-(5-(benzylthio)-2-chlorothiophen-3-yl)-7-(2-butyl-
4-chloro-1H-imidazol-5-yl)-3-((4-chlorophenyl)diazenyl) 
pyrazolo[1,5-a]pyrimidin-2-amine (3b) 

 White crystals; 86%; mp 241-243 ºC. 

 IR (KBr, cm-1): 3392, 3080, 2920, 2858, 1594, 1494, 
1454, 1218, 1042, 980, 822, 774, 655. 1H NMR (300 MHz, 
DMSO-d6, δ ppm ): 0.91(t, 3H, J 7.2 Hz, CH3), 1.30 (m, 2H, 
J 7.5 Hz, CH2), 1.69 (m, 2H, J 7.5 Hz, CH2), 2.80 (t, 2H, -
CH2), 4.26 (s, 2H, -S-CH2Ph), 4.68 (s, br 2H, NH2), 7.02-
7.80 (m, 9H, Ar-H, Thiophene and Imidazole), 7.84 (s, 1H, 
6H of pyrimidine).  

 13C NMR (100 MHz, DMSO-d6, δ ppm): 14.8, 22.2, 
28.6, 33.4, 43.6, 88.9, 106.8, 118.5, 124.1, 127.2, 127.8×2, 
128.2×2, 128.6, 128.4×2, 130.1×2, 130.5, 131.3, 132.5, 
134.6, 137.2, 138.2, 147.3, 149.6, 150.2, 163.4. 

 M.S. (m/z): 668 [M+ ion]. 

 Anal. Calc. for C30H25Cl3N8S2: C 53.94; H 3.76; N 16.77; 
C 53.92; H 3.72; N 16.72%. 

2.3.3. 4-(2-amino-7-(2-butyl-4-chloro-1H-imidazol-5-yl)-3-
((4-chlorophenyl)diazenyl)pyrazolo [1,5-a]pyrimidin-5-yl)-
5-chlorothiophene-2-sulfonamide (3c) 

 White crystals; 86 %; mp 254-256 ºC. 

 IR (KBr, cm-1): 2924, 1627, 1585, 1508, 1404, 1361, 
230, 1195, 1175, 1118, 1037, 983, 858. 

 1H NMR (300 MHz, DMSOd6- δ ppm): 0.92 (t, 3H, J 7.2 
Hz, CH3), 1.33 (m, 2H, J 7.5 Hz, CH2), 1.68 (m, 2H, J 7.5 
Hz, CH2), 2.50 (t, 2H, -CH2) 4.98 (br, 4H, NH2 and -
SO2NH2), 6.9-7.8(m, 5H, Ar-H, thiophene and imidazole).  

 13C NMR (100 MHz, DMSO-d6, δ ppm): 14.8, 23.4, 32, 
33.8, 90, 108.2, 116.2×2, 119.6, 123.3, 126.8, 128.5, 
128.8×2, 130.9×2, 131, 132.2, 134.9, 135.8, 147.5, 149, 
152.6, 163.3, 165.1 

 M.S. (m/z): 624 [M+ ion], Anal. Calc. for 
C23H20Cl3N9O2S2: C 44.20; H 3.23; N 20.17; Found: C 
44.18; H 3.22; N 20.15%. 

2.3.4. 7-(4-chlorophenyl)-3-((4-chlorophenyl)diazenyl)-5-
(2,5-dichlorothiophen-3-yl)pyrazolo [1,5-a]pyrimidin-2-
amine (3d) 

 Yellow crystals; 90 %; mp 178-180 ºC. 
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 IR (KBr, cm-1): 3362, 3082, 2918, 2865, 1584, 1432, 
1140, 1046, 986, 828, 776, 652. 

 1H NMR (300 MHz, DMSO-d6, δ ppm): 4.68 (s, br 2H, 
NH2), 7.04-7.80 (m, 7H, Ar-H, thiophene, and imidazole), 
7.92 (s, 1H, 6H of pyrimidine).  

 13C NMR (100 MHz, DMSO-d6, δ ppm): 87.8, 106.2, 
108.2, 118.2, 126.8, 127.2, 128.4×2, 129.2×2, 129.8×2, 
130.4×2, 131.6, 132, 138.2, 147.8, 149, 152.5, 164.4 

 M.S. (m/z): 534[M+ ion].  

 Anal. Calc. for C22H12Cl4N6S: C 49.46; H 2.26; N 15.73; 
Found: C 49.47; H 2.23; N 15.70%. 

2.3.5. (5-(5-(benzylthio)-2-chlorothiophen-3-yl)-7-(4-chlor-
ophenyl)-3-((4-chlorophenyl)diazenyl) pyrazolo[1,5-a]pyri-
midin-2-amine (3e) 

 White crystals; 90%; mp 174-176 ºC. 

 IR (KBr, cm-1): 3356, 3110, 2920, 2826, 1592, 1467, 
1432, 1220, 1054, 987, 772, 662. 

 1H NMR (300 MHz, DMSO-d6, δ ppm): 4.28 (s, 2H, -S-
CH2Ph), 4.69 (s, br 2H, NH2), 7.02-7.80 (m, 12H, Ar-H, 
thiophene, and imidazole), 7.82 (s, 1H, 6H of pyrimidine).  

 13C NMR (100 MHz, DMSO-d6, δ ppm): 44.2, 87.8, 
105.8, 121.2, 126.8, 127.2, 127.3×2, 128.8×2, 128.8×2, 
128.9×2, 129.6×2, 130.4×2, 133.2, 134.4, 135.2, 137.2, 
144.8, 147.2, 149.3, 151.2, 153.4, 163.4 

 M.S. (m/z): 621 [M+ ion].  

 Anal. Calc. for C29H19Cl3N6S2: C 56.00; H 3.08; N 13.51; 
Found: C 55.97; H 3.07; N 13.48%. 

2.3.6. 4-(2-amino-7-(4-chlorophenyl)-3-((4-chlorophenyl) 
diazenyl)pyrazolo[1,5-a]pyrimidin-5-yl)-5-chlorothiophene-
2-sulfonamide (3f) 

 Pink crystals; 88%; mp 168-170 ºC. 

 IR (KBr, cm-1): 2924,1627, 1585, 1508, 1404, 1361, 230, 
1195, 1175, 1118, 1037, 983, 858. 

 1H NMR (300 MHz, DMSO-d6, δ ppm): 4.98 (br, 4H, 
NH2 and -SO2NH2), 6.9-7.8(m, 8H, Ar-H, thiophene, and 
imidazole), 7.81 (s, 1H, 6H of pyrimidine).  

 13C NMR (100 MHz, DMSO-d6, δ ppm): 87.8, 106.2, 
116.2×2, 119.8, 123.3, 126.8, 128.8, 128.9×2, 130.2, 
130.8×2, 131.4 , 134.3, 135.5, 147.4, 147.6, 152.6, 162.8, 
163.02. 

 M.S. (m/z): 578 [M+ ion].  

 Anal. Calc. for C22H14Cl3N7O2S2: C 45.65; H 2.44; N 
16.94; Found: C 45.63; H 2.41; N 16.92%. 

2.3.7. 3-((4-chlorophenyl)diazenyl)-5-(2,5-dichlorothiophen 
-3-yl)-7-(4-fluorophenyl)pyrazolo [1,5-a]pyrimidin-2-amine 
(3g) 

 Yellow crystals; 90%; mp 147-149 ºC. 

 IR (KBr, cm-1): 3358, 3076, 2920, 2862, 1578, 1434, 
1196, 1043, 982, 824, 778, 662. 

1H NMR (300 MHz, DMSO-d6, δ ppm): 4.70 (s, br 2H, 
NH2), 7.01-7.80 (m, 7H, Ar-H, Thiophene and 
Imidazole), 7.79 (s, 1H, 6H of pyrimidine).  

 13C NMR (100 MHz, DMSO-d6, δ ppm): 88.2, 
106.4, 109.2, 118.2, 126.8, 128.1, 128.6×2, 129.5×2, 
129.8×2, 131×2, 131.6, 132.1, 138.2, 147.6, 149.2, 152, 
163.4 

 M.S. (m/z): 517 [M+ ion].  

 Anal. Calc. for C22H12Cl3N6FS: C 51.03; H 2.34; N 
16.23; Found: C 51.01; H 2.32; N 16.21%. 

2.3.8. 5-(5-(benzylthio)-2-chlorothiophen-3-yl)-3-((4-chlor-
ophenyl)diazenyl)-7-(4-fluorophenyl pyrazolo[1,5-
a]pyrimidin-2-amine (3h) 

 White crystals; 82%; mp 188-190 ºC. 

 IR (KBr, cm-1): 3390, 3082, 2924, 2854,1622,1590,1496, 
1454, 1226, 1141, 1041, 979, 829. 

 1H NMR (300 MHz, DMSO-d6, δ ppm): 4.20 (s, 2H, -S-
CH2Ph), 4.70 (s, br 2H, NH2), 7.05-7.60 (m, 13H, Ar-H and 
thiophene), 7.81 (s, 1H, 6H of pyrimidine).  

 13C NMR (100 MHz, DMSO-d6, δ ppm): 44.4, 87.9, 
106.3, 120.2, 126.6, 127.1, 127.4×2, 128.8×2, 128.9×2, 
129.1×2, 130.1×2, 130.6×2, 134.4, 134.6, 135.4, 137.1, 
144.9, 147.1, 149.2, 150.2, 152.4, 164.5 

 M.S. (m/z): 605[M+ ion].  

 Anal. Calc. for C29H19Cl2N6FS2: C 57.52; H 3.16; N 
13.88; Found: C 52.50; H 3.15; N 13.85%. 

2.3.9. 4-(2-amino-3-((4-chlorophenyl)diazenyl)-7-(4-fluor-
ophenyl)pyrazolo[1,5-a]pyrimidin-5-yl)-5-chlorothiophene-
2-sulfonamide (3i) 

Brown crystals; 86%; mp 179-181 ºC. 

 IR (KBr, cm-1): 2924,1627,1585,1508,1404, 1361, 230, 
1195, 1175, 1118, 1037, 983, 858. 

 1H NMR (300 MHz, DMSO-d6, δ ppm): 4.96 (br, 4H, 
NH2 and -SO2NH2), 6.9-7.8(m, 7H, Ar-H, thiophene and 
imidazole), 7.80 (s, 1H, 6H of pyrimidine).  

 13C NMR (100 MHz, DMSO-d6, δ ppm): 87.6, 106.1, 
116×2, 119.8, 123, 126.8, 128.6, 128.8×2, 130.2, 130.6×2, 
131.1 , 134.3, 135.2, 147, 147.5, 152.6, 162.9, 163.03 

 M.S. (m/z): 662 [M+ ion].  

 Anal. Calc. for C22H14Cl2N7O2FS2: C 46.98; H 2.51; N 
17.43; Found: C 46.96; H 2.49; N 17.40%. 

2.3.10. 3-((4-chlorophenyl)diazenyl)-5-(2,5-dichlorothio-
phen-3-yl)-7-(4-(dimethylamino)phenyl) pyrazolo[1,5-
a]pyrimidin-2-amine (3j) 

Pink crystals; 90%; mp 138-140ºC. 

 IR (KBr, cm-1): 3360, 3235, 3170, 2989, 2842, 1586, 
1430, 1178, 1042, 980, 838,772, 667. 

 1H NMR (300 MHz, DMSO-d6, δ ppm): 2.99 (s, 6H, 
N(CH3)2) 4.70 (s, br 2H, NH2), 6.98-7.80 (m, 8H, Ar-H, and 
thiophene), 7.78 (s, 1H, 6H of pyrimidine).  
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 13C NMR (100 MHz, DMSO-d6, δ ppm): 42.6×2, 89.8, 
108, 109.6, 118.5, 127, 128.6, 128.4×2, 129.2×2, 129.9×2, 
131.3×2, 133.6, 134.4, 138.25, 149.6, 149.9, 152.2, 163.8 

 M.S. (m/z): 542 [M+ ion].  

 Anal. Calc. for C24H18Cl3N7S: C 53.10; H 3.34; N 18.06; 
Found: C 53.07; H 3.32; N 18.04%. 

2.3.11. 5-(5-(benzylthio)-2-chlorothiophen-3-yl)-3-((4-chlo-
rophenyl)diazenyl)-7-(4-(dimethyl amino)phenyl)pyrazolo 
[1,5-a]pyrimidin-2-amine (3k) 

 Brown crystals; 86%; mp 160-162 ºC. 

 IR (KBr, cm-1): 3360, 3235, 3170, 2989, 2842, 1586, 
1430, 1178, 1042, 980, 838,772, 667. 

 1H NMR (300 MHz, DMSO-d6, δ ppm): 3.01 (s, 6H, 
N(CH3)2) 4.25 (s, 2H, -S-CH2Ph), 4.74 (s, br 2H, NH2), 6.98-
7.80 (m, 13H, Ar-H, and thiophene), 7.82 (s, 1H, 6H of 
pyrimidine).  

 13C NMR (100 MHz, DMSO-d6, δ ppm): 42.6×2, 88.6, 
105.3, 121.2, 127.6, 127.8, 127.6×2, 129.6×2, 130.2×2, 
131.3×2, 131.6×2, 131.8×2, 135.6, 136.2, 138.4, 138.6, 
145.5, 147.2, 149.1, 151.5, 152.4, 163.4 

 M.S. (m/z): 630 [M+ ion].  

 Anal. Calc. for C31H25Cl2N7S2: C 59.04; H 4.00; N 15.55; 
Found: C 59.01; H 3.98; N 15.54%. 

2.3.12. 4-(2-amino-3-((4-chlorophenyl)diazenyl)-7-(4-
(dimethylamino)phenyl)pyrazolo[1,5-a] pyrimidin-5-yl)-5-
chlorothiophene-2-sulfonamide (3l) 

 Brown crystals; 88%; mp 144-146 ºC. 

 IR (KBr, cm-1): 3358, 3269, 3156, 2985, 2840, 1584, 
1444, 1182, 1078, 984, 845,786, 672. 

 1H NMR (300 MHz, DMSO-d6, δ ppm): 2.99 (s, 6H, 
N(CH3)2), 4.98 (br, 4H, NH2 and -SO2NH2), 6.98-7.80 (m, 
8H, Ar-H, and thiophene), 7.76 (s, 1H, 6H of pyrimidine).  

 13C NMR (100 MHz, DMSO-d6, δ ppm): 43.2×2, 89.6, 
108.2, 117.2×2, 120,, 123.3, 127.8, 128.8, 128.9×2, 130.6, 
130.9×2, 132, 134.6, 135.6, 147.8, 149, 152.8, 163, 163.02 

 M.S. (m/z): 587 [M+ ion]. . 

 Anal. Calc. for C24H20Cl2N8O2S2: C 49.07; H 3.43; N 
19.07; Found: C 49.05; H 3.42; N 19.04%. 

2.4. Biology 

 The National Clinical Laboratory Standards Committee 
[29] was used to classify antimicrobial activities of synthe-
sized compounds. The antibacterial activity of the com-
pounds has been evaluated against E.coli (MTCC 2939), 
Staphylococcus aureus (MTCC 96), Salmonella typhi 
(MTCC 98), and Bacillus subtilis (MTCC 441). The fungal 
species are Candida albicans (MTCC 183), Aspergillus ni-
ger (MTCC 281), Trichoderma viridae (MTCC 167), and  

Penicillium chrysogenum (MTCC 160) were used for anti-
fungal activity. Tetracycline (25 mg/mL) and Nystatin (25 
mg/mL) were used as reference drugs and maintained at 37 ± 
0.5°C for 24 hrs on the nutrient agar slant for both antibacte-
rial and antifungal. A 0.1 mL of respectively sterile saline 
(0.85%) nutrient agar plate was tested against the bacterial 
activity, diluted with 105 CFU/mL in the form of a sterile 
saline suspension. The bores with a width of 6 mm were 
completed with a 0.1 mL objective compound dilution of 25 
to 250 mg/mL for each bacterial strain. Both plates had incu-
bated at 37 ± 0.5°C for 24 hrs. The zone of inhibition and 
minimum inhibitor concentrations (MICs) have been identi-
fied. All fungal cultivar strains sustained by dextrose potato 
agar (PDA) are slanted at 27 ± 0.2°C for 24-48 hrs until ath-
letic. The strains were transferred to 5 mL of sterile distilled 
water in a 1% Tween-80 spore (to properly suspend the 
spore). Haemocytometer (106 CFU/mL) has been counted 
for spores. The sterile PDA plates,included 2% agar and 
were prepared. Each fungal suspension platform had a spread 
of 0.1 mL which is 25-250 mg/mL, while the incubates were 
27 ±0.2°C for 12 hrs. After prepared incubation, every sterile 
cork borer and agar were filled for minimum inhibition con-
centrations (MIC). 

3. RESULTS AND DISCUSSION 

3.1. Chemistry Synthesis 

 In continuation of our study on the development of envi-
ronmentally benign methodologies using PEG-400 as a green 
reaction solvent for the preparation of biologically active 
compounds [30-33], herein we report the rapid synthesis of 
new thienyl pyrazole [1, 5-a] pyrimidine derivatives by the 
treatment of 4-(4'-chloro-phenylazo)-5-amino pyrazole with 
chalcones using NaOH in polyethylene glycol-400 as a green 
reaction medium. The α, β‐unsaturated carbonyl composites 
(chalcones) were synthesized by our previously reported 
method [34]. The reagent 4-(4’-chloro-phenylazo)-5-amino 
pyrazole was prepared in two steps from the corresponding 
p-chloroamine by diazotization and then treatment with 
malononitrile followed by the reaction with hydrazine hy-
drate [35]. Finally, the synthesis of thienyl pyrazolo [1,5-a] 
pyrimidines 3(a-l) was attempted by the reaction of thienyl 
chalcones 1(a-l) and 4-(4’-chloro-phenylazo)-5-amino pyra-
zole (2) using base NaOH in polyethylene glycol-400 at 
80°C (Scheme 1). In addition, the PEG‐400 was recovered 
and reused without loss of its activity. The reaction mixture 
was extracted with ethyl acetate, and the PEG was isolated and 
subjected for a second run by charging the same substrates to 
determine the recyclability of the solvent. The results obtained 
are shown in the graphical representation (Fig. 2). The for-
mation of products was assumed to proceed through the Mi-
cheal addition type of the ring nitrogen in pyrazole (which is 
more active) to the activated double bond followed by intra-
molecular cyclization with the elimination of water and de-
hydrogenation [36] (Scheme 2). The structures of all newly 
synthesized thienyl pyrazolo[1,5‐a] pyrimidines derivatives 
are shown in Fig. (3). 
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Fig. (2). Recyclability of PEG‐400. (A higher resolution/colour version of this figure is available in the electronic copy of the article).
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Scheme 1. Synthesis of thienyl pyrazolo[1,5‐a] pyrimidines using NaOH in PEG-400.

Table 1. Physico-chemical data of synthesized thienyl pyrazolo [1, 5-a] pyrimidines 3(a-l). 

Sr. No. Product No. Mol. Formula Yield (%) M. P. (°C)

1 3a C23H18Cl4N8S 92 258-260

2 3b C30H25Cl3N8S2 86 241-243

3 3c C23H20Cl3N9O2S2 86 254-256

4 3d C22H12Cl4N6S 90 178-180

5 3e C29H19Cl3N6S2 90 174-176

6 3f C22H14Cl3N7O2S2 88 168-170

7 3g C22H12Cl3FN6S 90 147-149

8 3h C29H19Cl2FN6S2 82 188-190

9 3i C22H14Cl2FN7O2S2 86 179-181

10 3j C24H18Cl3N7S 90 138-140

1l 3k C31H25Cl2N7S2 86 160-162

12 3l C24H20Cl2N8O2S2 88 144-146
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Scheme 2. Formation of products proceed through the Micheal type addition. 

 

Fig. (3). Structures of all newly synthesized thienyl pyrazolo[1,5‐a] pyrimidines derivatives. 

 Spectroscopic data and analytical methods correctly de-
termined the structures of the synthesized products. The IR 
spectra of products showed the disappearance of bands at 
1640-1660 cm-1 due to the transformation of >C=O of chal-
cones into pyrazolopyrimidines. The appearance of bands 
near 3100-3400 cm-1 revealed the presence of NH2 stretch-
ing. The characteristic bands were near 1600-1630 cm-1 due 
to -C=N stretching in products. Besides these bands, 1100-
1050 cm-1 is C-S-C stretching, and 680-800 cm-1 due to C-Cl 

stretching appears whenever present in the respective com-
pound. These assignments are consistent with what has been 
observed by several research groups. The NMR spectra of 
the compounds showed characteristic signals near δ 4-5 ppm 
due to NH2 and -SO2NH2 protons. Aromatic protons are mul-
tiplets around δ 7.02-8.20 ppm. The aliphatic protons were 
observed at expected regions and the mass spectra (EIMS) of 
synthesized compounds showed their corresponding molecu-
lar formula weight.  
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Table 2. Antimicrobial screening data of all synthesized compounds 3(a-l). 

Product 
Bacterial Species Fungal Species 

Ec St Sa Bs An Tv Pc Ca 

3a 21 (25) 14 (50) 17 (25) 19 (25) 19 (25) 17 (25) 14 (25) 16 (25) 

3b 19 (25) 13 (50) 14 (50) 16 (50) 13 (50) 11 (50) 12 (50) 14 (25) 

3c 22 (25) 18 (25) 21 (25) 22 (25) 15 (25) 16 (25) 06 (25) 15 (25) 

3d 21 (25) 22 (25) ± 16 (25) 18 (25) 15 (25) 15 (25) 16 (25) 

3e 15 (50) 09 (50) 12 (50) 15 (25) 13 (50) 14 (25) 15 (25) 17 (25) 

3f 20 (25) 19(25) 22 (25) 20 (25) 19 (25) 13 (25) 15 (25) 12 (25) 

3g 16 (25) 13 (50) 19 (50) 18 (25) 20 (25) 17 (50) 09 (50) 10 (50) 

3h 14 (50) 4 (25) 10 (50) 09 (50) 14 (25) 13 (50) 11 (50) 06(25) 

3i 18 (25) 15 (50) 18 (25) 18 (25) 16 (25) 15 (25) 4 (25) 14 (25) 

3j 17 (50) 16 (25) 17 (25) 12 (50) 14 (25) 14 (25) 12 (25) 10 (50) 

3k 18 (50) 17(25) 17 (25) 13 (50) 12 (25) 12 (25) 10 (25) 10 (50) 

3l 19 (50) 16 (25) 18 (25) 10 (50) 14 (25) 14 (25) 13 (25) 10 (50) 

Tetracycline 30 (25) 28 (25) 30 (25) 32 (25) NA NA NA NA 

Nystatin NA NA NA NA 18(25) 1 (25) 16 (25) 18 (25) 

 

3.2. Antimicrobial Activity 

 The findings of antimicrobial activity of synthesized 
compounds 3(a-l) over various bacterial and fungal strains 
have been summarised in Table 2. The compounds have 
shown interesting antibacterial activity. It has been identified 
that compounds 3a, 3c, and 3d have exhibited effectiveness 
against Escherichia coli. Compounds 3c and 3f showed an 
effective zone of inhibition against Bacillus subtilis. Com-
pounds 3d and 3f showed promising activity against Salmo-
nella typhi. Compound 3c showed a very good zone of inhi-
bition against Staphylococcus aureus. In addition, com-
pounds 3c and 3f showed a maximum zone of inhibition at 
25 mg/mL than other compounds against all bacteria. The 
majority of compounds displayed a substantial level of anti-
fungal activity at 25 mg/mL concentration. Compound 3g 
showed very good activity against Aspergillus niger. Com-
pounds 3a, 3c, 3d, 3f, 3i, 3j, and 3k weregood activities 
against Trichoderma viridae. Compounds 3a, 3c, 3d, and 3i 
were moderate activities against Penicillium chrysogenum. 
Compounds 3a and 3d were more susceptible against Can-
dida Albicans. Compounds 3a, 3d, 3e, and 3f encountered a 
stronger zone of inhibition against all fungal species at 25 
mg/mL concentration. It is observed that antimicrobial activ-
ity compounds 3c and 3f displayed greater activity among 
the tested compounds. It was also noticed that the com-
pounds bearing hydroxyl, chloro, and fluoro substitution 

along with thienyl moiety emerged as active against antibac-
terial and antifungal study. Considering the results of both 
the antibacterial and the antifungal tests, the compounds dis-
played more activity in the fungal field than the bacteria. 

 The data signified is a mean of three replicates; Ec-
Escherichia coli (MTCC 2939); St-Salmonella typhi (MTCC 
98), Sa-Staphylococcus aureus (MTCC 96); Bs-Bacillus sub-
tilis (MTCC 441); An-Aspergillus niger (MTCC 281); Tv -
Trichoderma viridae (MTCC 167); Pc-Penicillium chryso-
genum (MTCC 160); Ca-Candida albicans (MTCC 183); 
Not detected-; Trace activity±. 

CONCLUSION 

 In summary, new series of thienyl pyrazolo[1,5‐a] pyrim-
idines have been synthesized by treating 4‐(4’‐chloro‐
phenylazo)‐5‐amino pyrazole with α, β‐ unsaturated carbonyl 
compounds using a base NaOH in polyethylene glycol-400 
as a green reaction solvent. The main advantage of this 
methodology is that it incorporates the greener method, has a 
simple and easy workup procedure, excellent product yields, 
avoidance of toxic solvents, and an expensive catalyst. In 
addition to it, the newly synthesized pyrazolo[1,5-a] pyrimi-
dine derivatives with thienyl moiety exhibit promising anti-
microbial activity. Compounds bearing chloro, fluoro, and 
hydroxyl substitution and thienyl moiety emerged as biolog-
ically active against antibacterial and antifungal study. 



700   Current Organic Synthesis, 2022, Vol. 19, No. 6 Konda et al. 

CONSENT FOR PUBLICATION 

 Not applicable. 

AVAILABILITY OF DATA AND MATERIALS 

 The data supporting the findings of the article is available 
within the article. 

FUNDING  

 None. 

CONFLICT OF INTEREST 

 The authors declare no conflict of interest, financial or 
otherwise. 

ACKNOWLEDGEMENTS 

 The authors are thankful to the Director at the School of 
Life Sciences, in Swami Ramanand Teerth Marathawada 
University, and Nanded, for providing a biological study of 
the synthesised compounds. The authors are grateful to Vi-
jayashree Chemicals in Hyderabad for providing BCFI. The 
authors are also grateful to the Principal, K. J. Somaiya Col-
lege, Kopargaon, for providing necessary facilities. 

REFERENCES 
[1] Castillo, J.C.; Portilla, J. Recent advances in the synthesis of new 

pyrazole derivatives. Targets Heterocycl. Syst, 2018, 22, 194-223. 

[2] Bakavoli, M.; Bagherzadeh, G.; Vaseghifar, M.; Shiri, A.; Pordel, 

M.; Mashreghi, M.; Pordeli, P.; Araghi, M. Molecular iodine pro-
moted synthesis of new pyrazolo[3,4-d]pyrimidine derivatives as po-

tential antibacterial agents. Eur. J. Med. Chem., 2010, 45(2), 647-

650. 
http://dx.doi.org/10.1016/j.ejmech.2009.10.051 PMID: 19926175 

[3] Raffa, D.; Maggio, B.; Plescia, F.; Cascioferro, S.; Raimondi, M.V.; 

Plescia, S.; Cusimano, M.G. Pyrazolo[3,4-d]pyrimidine derivatives 
as COX-2 selective inhibitors: Synthesis and molecular modelling 

studies. Arch. Pharm. (Weinheim), 2009, 342(6), 321-326. 

http://dx.doi.org/10.1002/ardp.200800140 PMID: 19479756 
[4] Almansa, C.; de Arriba, A.F.; Cavalcanti, F.L.; Gómez, L.A.; Mi-

ralles, A.; Merlos, M.; García-Rafanell, J.; Forn, J. Synthesis and 

SAR of a new series of COX-2-selective inhibitors: Pyrazolo[1,5-
a]pyrimidines. J. Med. Chem., 2001, 44(3), 350-361. 

http://dx.doi.org/10.1021/jm0009383 PMID: 11462976 

[5] el-Bendary, E.R.; Badria, F.A. Synthesis, DNA-binding, and antivi-
ral activity of certain pyrazolo[3,4-d]pyrimidine derivatives. Arch. 
Pharm. (Weinheim), 2000, 333(4), 99-103. 

http://dx.doi.org/10.1002/(SICI)1521-4184(20004)333:4<99::AID-
ARDP99>3.0.CO;2-O PMID: 10816902 

[6] Chern, J.H.; Shia, K.S.; Hsu, T.A.; Tai, C.L.; Lee, C.C.; Lee, Y.C.; 

Chang, C.S.; Tseng, S.N.; Shih, S.R. Design, synthesis, and struc-
ture-activity relationships of pyrazolo[3,4-d]pyrimidines: A novel 

class of potent enterovirus inhibitors. Bioorg. Med. Chem. Lett., 
2004, 14(10), 2519-2525. 
http://dx.doi.org/10.1016/j.bmcl.2004.02.092 PMID: 15109643 

[7] Oliveira-Campos, A.M.F.; Sivasubramanian, A.; Rodrigues, L.M.; 

Seijas, J.A.; Pilar Vázquez-Tato, M.; Peixoto, F.; Abreu, C.G.; 
Cidade, H.; Oliveira, A.E.; Pinto, M. Substituted pyrazolo[3,4-

d]pyrimidines: Microwave-assisted, solvent-free synthesis and bio-

logical evaluation. Helv. Chim. Acta, 2008, 91(7), 1336-1345. 
http://dx.doi.org/10.1002/hlca.200890145 

[8] Tang, J.; Wang, B.; Wu, T.; Wan, J.; Tu, Z.; Njire, M.; Wan, B.; 

Franzblauc, S.G.; Zhang, T.; Lu, X.; Ding, K. Design, synthesis, and 
biological evaluation of pyrazolo[1,5-a]pyridine-3-carboxamides as 

novel antitubercular agents. ACS Med. Chem. Lett., 2015, 6(7), 814-

818. 

http://dx.doi.org/10.1021/acsmedchemlett.5b00176 PMID: 

26191372 
[9] Kiessling, A.; Wiesinger, R.; Sperl, B.; Berg, T. Selective inhibition 

of c-Myc/Max dimerization by a pyrazolo[1,5-a]pyrimidine. 

ChemMedChem, 2007, 2(5), 627-630. 
 http://dx.doi.org/10.1002/cmdc.200600294 PMID: 17315254 

[10] Asano, T.; Yamazaki, H.; Kasahara, C.; Kubota, H.; Kontani, T.; 

Harayama, Y.; Ohno, K.; Mizuhara, H.; Yokomoto, M.; Misumi, K.; 
Kinoshita, T.; Ohta, M.; Takeuchi, M. Identification, synthesis, and 

biological evaluation of 6-[(6R)-2-(4-fluorophenyl)-6-(hydroxyl-

methyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidin-3-yl]-2-(2-
methylphenyl)pyridazin-3(2H)-one (AS1940477), a potent p38 MAP 

kinase inhibitor. J. Med. Chem., 2012, 55(17), 7772-7785. 

http://dx.doi.org/10.1021/jm3008008 PMID: 22905713 
[11] Hwang, J.Y.; Windisch, M.P.; Jo, S.; Kim, K.; Kong, S.; Kim, H.C.; 

Kim, S.; Kim, H.; Lee, M.E.; Kim, Y.; Choi, J.; Park, D.S.; Park, E.; 

Kwon, J.; Nam, J.; Ahn, S.; Cechetto, J.; Kim, J.; Liuzzi, M.; No, Z.; 
Lee, J. Discovery and characterization of a novel 7-aminopy-

razolo[1,5-a]pyrimidine analog as a potent hepatitis C virus inhibi-

tor. Bioorg. Med. Chem. Lett., 2012, 22(24), 7297-7301. 
http://dx.doi.org/10.1016/j.bmcl.2012.10.123 PMID: 23159569 

[12] Zhao, M.; Ren, H.; Chang, J.; Zhang, D.; Yang, Y.; He, Y.; Qi, C.; 

Zhang, H. Design and synthesis of novel pyrazolo[1,5-a]pyrimidine 
derivatives bearing nitrogen mustard moiety and evaluation of their 

antitumor activity in vitro and in vivo. Eur. J. Med. Chem., 2016, 

119, 183-196. 
http://dx.doi.org/10.1016/j.ejmech.2016.04.068 PMID: 27162123 

[13] Ghorab, M.M.; Ragab, F.A.; Alqasoumi, S.I.; Alafeefy, A.M.; 

Aboulmagd, S.A. Synthesis of some new pyrazolo[3,4-d]pyrimidine 
derivatives of expected anticancer and radioprotective activity. Eur. 
J. Med. Chem., 2010, 45(1), 171-178. 

http://dx.doi.org/10.1016/j.ejmech.2009.09.039 PMID: 19853327 
[14] Ramsey, S.J.; Attkins, N.J.; Fish, R.; van der Graaf, P.H. Quantita-

tive pharmacological analysis of antagonist binding kinetics at CRF1 

receptors in vitro and in vivo. Br. J. Pharmacol., 2011, 164(3), 992-
1007. 

http://dx.doi.org/10.1111/j.1476-5381.2011.01390.x PMID: 

21449919 
[15] Petroski, R.E.; Pomeroy, J.E.; Das, R.; Bowman, H.; Yang, W.; 

Chen, A.P.; Foster, A.C. Indiplon is a high-affinity positive alloster-

ic modulator with selectivity for α1 subunit-containing GABAA re-
ceptors. J. Pharmacol. Exp. Ther., 2006, 317(1), 369-377. 

http://dx.doi.org/10.1124/jpet.105.096701 PMID: 16399882 

[16] Elie, R.; Rüther, E.; Farr, I.; Emilien, G.; Salinas, E. Sleep latency is 
shortened during 4 weeks of treatment with zaleplon, a novel non-

benzodiazepine hypnotic. J. Clin. Psychiatry, 1999, 60(8), 536-544. 

http://dx.doi.org/10.4088/JCP.v60n0806 PMID: 10485636 
[17] Selleri, S.; Bruni, F.; Costagli, C.; Costanzo, A.; Guerrini, G.; Ci-

ciani, G.; Gratteri, P.; Besnard, F.; Costa, B.; Montali, M.; Martini, 

C.; Fohlin, J.; De Siena, G.; Aiello, P.M. A novel selective 
GABA(A) α1 receptor agonist displaying sedative and anxiolytic-like 

properties in rodents. J. Med. Chem., 2005, 48(21), 6756-6760. 
http://dx.doi.org/10.1021/jm058002n PMID: 16220991 

[18] Salem, M.A.; Helal, M.H.; Gouda, M.A.; Abd EL-Gawad, H.H.; 

Shehab, M.A.M.; El-Khalafawy, A. Recent synthetic methodologies 
for pyrazolo[1,5-a]pyrimidine. Synth. Commun., 2019, 49(14), 1750-

1776. 

http://dx.doi.org/10.1080/00397911.2019.1604967 
[19] Al-Azmi, A. Pyrazolo[1,5-a]pyrimidines: A close look into their 

synthesis and applications. Curr. Org. Chem., 2019, 23(6), 721-743. 

http://dx.doi.org/10.2174/1385272823666190410145238 
[20] Cherukupalli, S.; Karpoormath, R.; Chandrasekaran, B.; Ham-

pannavar, G.A.; Thapliyal, N.; Palakollu, V.N. An insight on syn-

thetic and medicinal aspects of pyrazolo[1,5-a]pyrimidine scaffold. 
Eur. J. Med. Chem., 2017, 126, 298-352. 

http://dx.doi.org/10.1016/j.ejmech.2016.11.019 PMID: 27894044 

[21] Eftekhari-Sis, B.; Zirak, M. Chemistry of α-oxoesters: A powerful 
tool for the synthesis of heterocycles. Chem. Rev., 2015, 115(1), 

151-264. 

http://dx.doi.org/10.1021/cr5004216 PMID: 25423283 
[22] Abu Elmaati, T.M.; El-Taweel, F.M. New trends in the chemistry of 

5-Aminopyrazoles. J. Heterocycl. Chem., 2004, 41(2), 109-134. 

http://dx.doi.org/10.1002/jhet.5570410201 



Polyethylene Glycol-400 Current Organic Synthesis, 2022, Vol. 19, No. 6   701 

[23] Fraley, M.E.; Hoffman, W.F.; Rubino, R.S.; Hungate, R.W.; Tebben, 

A.J.; Rutledge, R.Z.; McFall, R.C.; Huckle, W.R.; Kendall, R.L.; 
Coll, K.E.; Thomas, K.A. Synthesis and initial SAR studies of 3,6-

disubstituted pyrazolo[1,5-a]pyrimidines: A new class of KDR ki-

nase inhibitors. Bioorg. Med. Chem. Lett., 2002, 12(19), 2767-2770. 
http://dx.doi.org/10.1016/S0960-894X(02)00525-5 PMID: 12217372 

[24] Anastas, P.T.; Warner, J.C. Principles of green chemistry. Theory 
Pract., 1998, 29. 

[25] Chen, J.; Spear, S.K.; Huddleston, J.G.; Rogers, R.D. Polyethylene 

glycol and solutions of polyethylene glycol as green reaction media. 

Green Chem., 2005, 7(2), 64-82. 
http://dx.doi.org/10.1039/b413546f 

[26] Dawane, B.S.; Konda, S.G.; Mandawad, G.G.; Shaikh, B.M. 

Poly(ethylene glycol) (PEG-400) as an alternative reaction solvent 
for the synthesis of some new 1-(4-(4′-chlorophenyl)-2-thiazolyl)-3-

aryl-5-(2-butyl-4-chloro-1H-imidazol-5yl)-2-pyrazolines and their in 
vitro antimicrobial evaluation. Eur. J. Med. Chem., 2010, 45(1), 
387-392. 

http://dx.doi.org/10.1016/j.ejmech.2009.10.015 PMID: 19896247 

[27] Jorapur, Y.R.; Rajagopal, G.; Saikia, P.J.; Pal, R.R. Poly(ethylene 
glycol) (PEG) as an efficient and recyclable reaction medium for the 

synthesis of dibenz[b,f]-1,4-oxazepine. Tetrahedron Lett., 2008, 

49(9), 1495-1497. 
http://dx.doi.org/10.1016/j.tetlet.2007.12.115 

[28] Das, B.; Krishnaiah, M.; Balasubramanyam, P.; Veeranjaneyulu, B.; 

Nandankumar, D. A remarkably simple N-formylation of anilines 
using polyethylene glycol. Tet. Lett, 2008, 49, 2225-2227. 

[29] National Committee for Clinical Laboratory Standards Villanova 

(PA), NCCLS; 1998, (Publication No: NCCLS M 100-58). 

[30] Konda, S.G.; Humne, V.T.; Lokhande, P.D. Rapid and selective 

deallylation of allyl ethers and esters using iodine in polyethylene 
glycol-400. Green Chem., 2011, 13(9), 2354-2358. 

http://dx.doi.org/10.1039/c1gc15153c 

[31] Konda, S.G. PEG-400: An efficient and recyclable reaction medium 
for the synthesis of pyrazolo [1, 5-a] pyrimidines. Eur. J. Chem., 
2014, 5(4), 676-680. 

http://dx.doi.org/10.5155/eurjchem.5.4.676-680.1110 
[32] Konda, S.G. Acetic acid in PEG-400: An efficient system for syn-

thesis of 1-cinnamoyl-2-pyrazoline derivatives. J. Adv. Chem. Sci., 
2016, 2(3), 363-365. 

[33] Mandawad, G.G.; Shaikh, B.M.; Chobe, S.S.; Konda, S.G. 

NaOH/PEG-400: An eloquent system for the synthesis of new 

thienyl benzo[b]1,4-diazepines. Eur. J. Chem., 2020, 11(4), 276-279. 
http://dx.doi.org/10.5155/eurjchem.11.4.276-279.2009 

[34] Mandawad, G.G.; Chobe, S.S.; Yemul, O.S.; Dawane, B.S. An effi-

cient green synthesis of some novel hetero chalcones as potent anti-
microbial agents. J. Pharm. Res., 2011, 4(10), 3360-3363. 

[35] Krystof, V.; Cankar, P.; Frysová, I.; Slouka, J.; Kontopidis, G.; Dzu-

bák, P.; Hajdúch, M.; Srovnal, J.; de Azevedo, W.F., Jr; Orság, M.; 
Paprskárová, M.; Rolcík, J.; Látr, A.; Fischer, P.M.; Strnad, M. 4-

arylazo-3,5-diamino-1H-pyrazole CDK inhibitors: SAR study, crys-

tal structure in complex with CDK2, selectivity, and cellular effects. 
J. Med. Chem., 2006, 49(22), 6500-6509. 

http://dx.doi.org/10.1021/jm0605740 PMID: 17064068 

[36] El- Gaby, M.S.A.; Sayed, A.Z.; Abu-Shanab, F.A.; Hessein, A.M. 
Studies on the synthesis of some pyrazolo[1,5-a]pyrimidines bearing 

sulfonamido moieties. Phosphorus Sulfur Silicon Relat. Elem., 2000, 

164, 1-10. 
http://dx.doi.org/10.1080/10426500008045228 

 

 
 

 

 
 

 

 


	Polyethylene Glycol-400 Prompted an Efficient Synthesis of Thienyl Pyrazolo[1,5‐a] Pyrimidines as Microbial Inhibitors
	Abstract:
	1. INTRODUCTION
	Fig. (1).
	2. EXPERIMENTAL
	3. RESULTS AND DISCUSSION
	Fig. (2).
	Scheme 1.
	Table 1.
	Scheme 2.
	Fig. (3).
	Table 2.
	CONCLUSION
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



