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Acetohydrazide derivatives (3a, b) were obtained starting from 3-(2 
or 4-fluorobenzyl)-4-amino-4,5-dihydro-1H-1,2,4-triazole-5-one (1a, 
b) by two steps. Compounds 3a, b were converted to the correspond-
ing methylideneacetohydrazide derivatives (4a-d). The treatment of 
compounds 3a, b with 4-fluorophenylisothiocyanate produced car-
bothioamide derivatives (5a, b). The cyclization of compounds 5a,b 
in the presence of NaOH resulted in the formation of compounds 6a, 
b. The reactions of compounds 6a, b with 
4-fluorobenzyl bromide in the presence of sodium ethoxide afforded 
the corresponding S-(4-fluorobenzyl) derivatives (7a, b). On the 
other hand, the treatment of compounds 3a, b with CS2 in the pres-
ence of aqueous KOH afforded the 1,3,4-oxadiazole-5-thiones (8a, 
b) which were converted to N-Mannich bases 9a, b. The synthesized 
compounds 1-9 were screened for their urease and xanthine oxidase 
inhibition activities and antioxidant activity were evaluated. Espe-
cially, according to the CUPRAC and ABTS•+ radical scavenging 
activity methods, 3a, 3b, 5a, 5b, 6a, 6b, 8a, 8b, 9a and 9b com-
pounds showed strong antioxidant activity. Compound 4a exhibited 
good xanthine oxidase (XO) inhibition. Also, compounds 9b and 9a 
showed efficient urease inhibition at various concentrations. 
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INTRODUCTION* 

 Reactive oxygen species (ROS) are chemically 
reactive molecules containing oxygen. Types of 
ROS include the hydrogen peroxide (H2O2), hy-
droxyl radical (HO•), the superoxide anion radical 
(•O2), singlet oxygen (1O2), hypochlorite radical 
(ClO•), nitric oxide radical (NO), alkoxyl radical 
                                                            
 

(RO•), alkylperoxy radical (RO2•) and various lipid 
peroxides.1 These molecules can damage DNA, 
proteins and lipids, resulting in diseases such as 
atherosclerosis, vasospasms, cancers, stroke, 
asthma, arthritis, heart attack,  
age pigments, dermatitis, cataractogenesis,  
retinal damage, hepatitis, liver injury, and perio-
dontis.2 Antioxidants delay or inhibit cellular dam-
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age mainly through their ROS scavenging prop-
erty.3   
 Urease is a metalloenzyme containing nickel 
that catalyzes the hydrolysis of urea into ammonia 
and carbamate. Carbamate rapidly and spontaneously 
decomposes to yield a second molecule of NH3 and 
CO2.4 The reaction results in a pH increase, re-
sponsible for negative effects of urease activity in 
human health and agriculture.5,6 Urease is respon-
sible for urinary tract and gastrointestinal infec-
tions,7 possibly causing severe diseases such as 
peptic ulcers and stomach cancer as in the case of 
Helicobacter pylori.8 Urease is also involved in the 
development of urolithiasis, pyelonephritis, hepatic 
encephalopathy, hepatic coma, and urinary catheter 
encrustation.9 Acetohydroxamic acid has been 
clinically used for the treatment of urinary tract 
infections by urease inhibition. However, it exhib-
its severe side effects such as difficulty breathing; 
swelling of your face, lips, tongue, or throat.10 
 Xanthine oxidase (XO) is a molybdenum-
containing enzyme catalyzing the   
oxidation of hypoxanthine and xanthine to uric acid, 
which plays a crucial role in gout.11 Allopurinol is a 
clinically used XO inhibitor in the treatment of gout. 
However, it may also cause side effects such as hy-
persensitivity problem,12 Steven-Johnson syndrome,13 
renal toxicity14 and fatal liver necrosis.15  

A literature survey revealed that 1,2,4-triazole 
and its derivatives are important pharmacophores 
across a number of different therapeutic areas such 
asantifungal, antibacterial, anticancer, antitubercu-
lar, anti inflammatory, analgesic, anticonvulsant, 
antiviral, anti oxidant, enzyme inhibitor, herbi-
cidal, insecticidal and plant growth activities.4-15 

The drugs like anastrozolo, letrozole and vorozole 
(antitumor),16 difenoconazole and itraconazole 
(antifungal),17 ribavirin (antiviral),18 rizatriptan 
(antimigraine),19 alprazolam (anxiolytic),20 are the 
best examples of potent molecules possessing a 
1,2,4-triazole nucleus. Moreover, Fluorinated sub-
stituted 1,2,4-triazoles have got a significant place 
in medicinal chemistry.21 Some of the most well 
known fluorinated 1,2,4-triazoles drugs are alba-
conazole, fluconazole, posaconazole, ravucona-
zole, voriconazole, flusilazole, fluotrimazole, ep-
oxiconazole and flutriafol.22,23 Similarly, substi-
tuted 1,3,4-oxadiazoles are well known in medici-
nal chemistry due to their diverse biological prop-
erties like antibacterial, antitubercular, antifungal, 
anticonvulsant, anti-inflammatory, antioxidant, 
anti-allergic, enzyme inhibitor, analgesic, antican-
cer, insecticidal activities.24-26 In addition to these, 
there are a number of marketing drugs containing a 

1,3,4-oxadiazole ring in their structures structures 
such as zibotentan (anticancer),27 raltegravir (anti-
retroviral),28 tiodazosin29 and nesapidil (antihyper-
tensive),30 and furamizol (antibiotic).31 On the 
other hand, hydrazide and thiosemicarbazide de-
rivatives attracted a lot of attention because they 
are considered as intermediates to synthesized five- 
and six membered heterocylic rings containing 
one, two or three of the same or different heteroa-
toms (O, N or S) which all were reported possess 
biological activities.32,33 Apart from these, certain 
Mannich bases derived from 1,3,4-oxadiazoles 
exhibit good antioxidant and antimicrobial activ-
ity.34-36 In view of these observations, we now re-
port the synthesis of some fluorinated 1,2,4-
triazole-5-on derivatives along with their antioxi-
dant, urease and xanthine oxidase Inhibitiory ac-
tivities. 

EXPERIMENTAL 

Melting points were determined in open capillaries on a 
Büchi oil-heated melting point apparatus (Büchi Labortechnik, 
Flawil, Switzerland) and are uncorrected. IR spectra were 
recorded as potassium bromide pellets using a Perkine-Elmer 
1600 series FTIR spectrophotometer (Perkin-Elmer, Beacon-
fields, England). 1H NMR and 13C NMR spectra were re-
corded on a Varian-Mercury 200 MHz spectrometer (Varian 
Inc., Palo Alto, CA, USA) using tetramethylsilane as the 
internal reference. The elemental analysis was performed on a 
Costech Elemental Combustion System CHNS-O elemental 
analyzer (Valencia, CA 91355, USA). The reactions were 
monitored by thin layer chromatograph (TLC) using 0.2 mm 
precoated plates of silica gel G60 F254.  

General procedure forthe synthesis  
of ethyl acetate derivatives (2a,b) 

Compounds 1 (10 mmol) and Na (10 mmol) were refluxed 
in absolute ethanol for 2h. Then, ethyl bromoacetate (10 
mmol) was added and stirred under reflux for 6 h, product 
formation was detected by TLC. After evaporating the solvent 
under reduced pressure, a solid appered. The solid product was 
recrystallized from ethanol-water (1:3) to afford the desired 
compounds. 

Ethyl[4-amino-3-(2-fluorobenzyl)-4,5-dihydro-1H-1,2,4-
triazol-5-one-1-yl]acetate (2a):  

Yield 72 %, mp: 116-117 °C, IR (νmax, cm-1): 3317, 3211 
(NH2), 1748 (ester C=O), 1721 (triazole C=O), 1654 (C=N) 
and 1218 (C-O), 1H NMR (DMSO-d6, 200 MHZ) δ (ppm): 
1.17 (t, 3H, J =7.0 Hz, CH3), 3.96 (s, 2H, benzyl CH2), 4.12 
(q, 2H, J= 7.0 Hz, OCH2), 4.50 (s, 2H, N-CH2), 5.32 (s, 2H, 
NH2) and Ar-H: [7.14-7.22 (m, 2H), 7.27-7.30 (m, 2H)]. 13C 
NMR (DMSO-d6, 50 MHZ): δ(ppm): 14.30 (CH3), 24.53 (d, 
JCF= 3.5 Hz, benzyl CH2), 47.26 (N-CH2), 61.74 (OCH2), Ar-
C: [115.92 (d, JCF= 21.5 Hz, CH), 122.98 (d, JCF= 21.5 Hz, 
C), 125.07 (d, JCF= 2.5 Hz, CH), 129.70 (d, JCF= 8.0 Hz, CH), 
131.89 (d, JCF= 3.5 Hz, CH), 161.06 (d, JCF= 244.0 Hz, C)], 
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147.01 (triazole C-3), 153.97 (triazole C=O) and 168.61 (ester 
C=O). Anal. Calcd. for C13H15FN4O3: C, 53.06; H, 5.14 and 
N, 19.04; found: C, 53.28; H, 5.18 and N,18.93. 

Ethyl[4-amino-3-(4-fluorobenzyl)-4,5-dihydro-1H-1,2,4-
triazol-5-one-1-yl]acetate  (2b): 

Yield 80 %, mp: 135-136 °C, IR (νmax, cm-1): 3307, 3213 
(NH2), 1745 (ester C=O), 1714 (triazole C=O), 1602 (C=N) 
and 1228 (C-O), 1H NMR (DMSO-d6, 200 MHZ) δ (ppm): 
1.17 (t, 3H, J =7.0 Hz, CH3), 3.88 (s, 2H, benzyl CH2), 4.11 
(q, 2H, J= 7.0 Hz, OCH2), 4.51 (s, 2H, N-CH2), 5.36 (s, 2H, 
NH2) and Ar-H: [ 7.12 (m, 2H), 7.29 (m, 2H)].13C NMR 
(DMSO-d6, 50 MHZ): δ (ppm): 14.27 (CH3), 29.82 (benzyl 
CH2), 46.90 (N-CH2), 61.48 (OCH2), Ar-C: [115.52 (d,  
JCF= 21.0 Hz, 2CH), 131.12 (2 CH), 132.28, 159.36 (d,  
JCF= 238.0 Hz, C)], 147.73 (triazole C-3), 153.75 (triazole C-5) 
and 168.39 (ester C=O). Anal. Calcd. for C13H15FN4O3: C, 53.06; 
H, 5.14 and N, 19.04; found C, 53.32; H, 5.21 and N,18.87. 

General procedure for the synthesis  
of acetohydrazide derivatives (3a,b) 

A mixture of 2 (0.01 mol) and hydrazine hydrate (0.025 
mol) in 1-butanol (50 mL) was riflaxed for 3 h. The progress 
of the reaction was monitored by TLC. After cooling room 
temperature, a white solid appeared. The solid product was 
filtered and recrystallization from ethanol. 

2-[4-Amino-3-(2-fluorobenzyl)-4,5-dihydro-1H-1,2,4-tria-
zol-5-one-1-yl]acetohydrazide (3a): 

Yield 84 %, mp: 179-180 °C, IR (νmax, cm-1): 3313, 3205 
(NH+2NH2), 1726 (triazol C=O), 1671 (hydrazide C=O) and 
1622 (C=N), 1H NMR (DMSO-d6, 200 MHZ) δ (ppm): 3.90 
(s, 2H, benzyl CH2), 4.20 (s, 2H, N-CH2), 4.24 (s, 2H, hy-
drazide NH2), 5.32 (s, 2H, NH2), Ar-H: [ 7.14-7.18 (m, 2H), 
7.23-7.31 (m, 2H)] and 9.16 (s, 1H, NH). 13C NMR (DMSO-
d6, 50 MHZ): δ(ppm): 24.45 (d, JCF=6.5 Hz, benzyl CH2), 
47.06 (N-CH2), Ar-C: [115.90 (d, JCF= 21.0 Hz, CH), 123.07 
(d, JCF= 15.5 Hz, C), 129.08 (d,  JCF= 3.5 Hz, CH), 129.64 (d, 
JCF= 8.0 Hz, CH), 131.96 (d, JCF= 4.5 Hz, CH), 161.00 (d, 
JCF= 244.0 Hz, C)], 146.56 (triazole C-3), 154.04 (triazole  
C-5) and 166.66 (hydrazide C=O). Anal. Calcd. for 
C11H13FN6O2: C, 47.14; H, 4.68 and N, 29.99; found C, 47.28; 
H, 4.72 and N, 29.82.  

 
2-[4-Amino-3-(4-fluorobenzyl)-4,5-dihydro-1H-1,2,4-tria-

zol-5-one-1-yl]acetohydrazide (3b):  
Yield 86 %, mp: 175-176 °C, IR (νmax, cm-1): 3310, 3190 

(NH+NH2), 1716 (triazol C=O), 1678 (hydrazide C=O) and 
1651 cm-1 (C=N), 1H NMR (DMSO-d6, 200 MHZ) δ (ppm): 
3.86 (s, 2H, benzyl CH2), 4.21 (s, 2H, N-CH2), 4.25 (s, 2H, 
hydrazide NH2), 5.25 (s, 2H, NH2), Ar-H: [7.07-7.15 (m, 2H), 
7.26-7.33 (m, 2H)] and 9.17 (s, 1H, NH). 13C NMR (DMSO-
d6, 50 MHZ): δ(ppm): 30.23 (benzyl CH2), 47.09 (N-CH2), 
Ar-C: [115.81 (d,  JCF= 21.5 Hz, 2CH), 131.39 (d, JCF= 8.0 Hz, 
2CH), 132.65 (d, JCF= 3.0 Hz, C), 161.00 (d, JCF= 241.0 Hz, C)], 
147.57 (triazole C-3), 154.07 (triazole C-5) and 170.83 (hy-
drazide C=O). Anal. Calcd. for C11H13FN6O2: C, 47.14; H, 
4.68 and N, 29.99; found C, 47.16; H, 4.69 and N, 29.71. 

General procedure for the synthesis  
of methylideneacetohydrazide derivatives (4a-d) 

To a solution of compound 3 (0.01 mol) in ethanol  
(50 mL) was added appropriate aldehyde (0.01 mol). Two 
drops of concentrated H2SO4 were added to a stirred solution, 
and the mixture was refluxed for 2 h (TLC-controlled). At the 

and of the reaction, crude product collapsed. The precipitate 
formed was filtered off and purified by recrystallization from 
dimethyl sulfoxide:water (1:2). 

 
2-[4-Amino-3-(2-fluorobenzyl)-4,5-dihydro-1H-1,2,4-

triazol-5-one-1-yl]-N'-[(4-
fluorophenyl)methylidene]acetohydrazide (4a): 

Yield 94 %, mp: 288-289 °C, IR (νmax, cm-1): 3331(NH), 
3267, 3207 (NH2),1718 (triazole C=O), 1695 (hydrazide C=O) 
and 1677, 1602 (C=N), 1H NMR (DMSO-d6, 200 MHZ) δ 
(ppm): 3.94 (s, 2H, benzyl CH2), 4.83 and 4.42 (s, 2H, N-CH2, 
trans and cis conformers), 5.36 (s, 2H, NH2), Ar-H: [ 7.10-
7.37 (m, 6H), 7.74-7.81 (m, 2H)], 7.99 and 8.19 (s, 1H, 
N=CH, trans and cis conformers) and 11. 61 (s, 1H, NH). 13C 
NMR (DMSO-d6, 50 MHZ): δ (ppm): 24.41 and 24.54 (d, 
JCF=6.5 Hz, benzyl CH2), 47.23 and 47.66 (N-CH2, trans and 
cis conformers), Ar-C: [115.92 (d, JCF= 21.5 Hz, CH), 116.54 
(d, JCF= 22.0 Hz, 2CH,) 123.14 (d, JCF= 15.5 Hz, C), 125.09 
(d, JCF= 3.5 Hz, CH),  129.66 (d, JCF= 9.5 Hz, CH), 130.04 
(d, JCF= 9.0 Hz, 2CH), 131.26 (d, JCF= 3.5 Hz, C), 131.89 (d, 
JCF= 3.5 Hz, CH), 161.03 (d, JCF= 243.0 Hz, C), 163.72 (d, 
JCF= 246.5 Hz, C)], 143.57 and 146.86 (-N=CH, trans and cis 
conformers), 146.50 and 146.74 (triazole C-3, trans and cis 
conformers), 154.38 and 163.85 (triazole C-5, trans and cis 
conformers) and 166.66 (hydrazide C=O). Anal. Calcd. for 
C18H16F2N6O2: C, 55.96; H, 4.17 and N, 21.75; found C, 
56.17; H, 4.33 and N, 21.56. 
 

2-[4-Amino-3-(4-fluorobenzyl)-4,5-dihydro-1H-1,2,4-tria-
zol-5-one-1-yl]-N'-[(4-fluorophenyl)methylidene]acetohy-
drazide (4b): 

Yield: 95 %, mp: 276-277 °C,  IR ((νmax, cm-1): 3325 
(NH), 3265, 3206 (NH2), 1720 (triazole C=O), 1698 (hy-
drazide C=O) and 1675, 1601 (C=N), 1H NMR (DMSO-d6, 
200 MHZ) δ (ppm): 3.90 (s, 2H, benzyl CH2), 4.85 and 4.43 
(s, 2H, N-CH2, trans and cis conformers), 5.37 (s, 2H, NH2), 
Ar-H: [7.09-7.18 (m, 2H), 7.23-7.36 (m, 4H), 7.75-7.82 (m, 
2H)], 7.99 and 8.20 (s, 1H, N=CH, trans and cis conformers) 
and 11. 67 (s, 1H, NH). 13C NMR (DMSO-d6, 50 MHZ): δ 
(ppm): 30.25 (benzyl CH2), 47.22 and 47.66 (N-CH2, trans 
and cis conformers), Ar-C: [115.81 (d, JCF= 21.5 Hz, 2CH), 
116.53 (d, JCF= 21.5 Hz, 2CH), 129.85 (d, JCF= 9.0 Hz, 2CH), 
130.13, 131.36 (d, JCF=8.5 Hz, 2CH), 131.26 (d, JCF= 3.5 Hz, 
C),132.73, 161.04 (d, JCF= 243.0 Hz, C), 163.72 (d,  
JCF= 246.5 Hz, C)], 143.57 and 146.86 (-N=CH, trans and cis 
conformers), 147.48 and 147.73 (triazole C-3, trans and cis 
conformers), 154.41 and 164.20 (triazole C-5, trans and cis 
conformers) and 168.77 (hydrazide C=O). Anal. Calcd. for 
C18H16F2N6O2: C, 55.96; H, 4.17 and N, 21.75; found C, 
56.09; H, 4.26 and N,21.63. 

 
2-[4-Amino-3-(2-fluorobenzyl)-4,5-dihydro-1H-1,2,4-

triazol-5-one-1-yl]-N'-{[4-
(trifluoromethyl)phenyl]methylidene}acetohydrazide (4c): 

Yield 83%, mp: 264-265°C, IR (νmax, cm-1): 3333(NH), 
3269, 3203 (NH2),1717 (triazole C=O), 1695 (hydrazide C=O) 
and 1685, 1604 cm-1(C=N), 1H NMR (DMSO-d6, 200 MHZ) δ 
(ppm): 3.95 (s, 2H, benzyl CH2), 4.87 and 4.46 (s, 2H, N-CH2, 
trans and cis conformers), 5.41 (s, 2H, NH2), Ar-H: [7.15-7.37 
(m, 4H), 7.76-7.80 (m, 2H), 7.92-7.96 (m, 2H)], 8.06 and 8.27 
(s, 1H, N=CH, trans and cis conformers) and 11. 81 (s, 1H, 
NH). 13C NMR (DMSO-d6, 50 MHZ): δ (ppm): 24.50 and 
24.57 (d, JCF= 3.5 Hz, benzyl CH2), 47.29 and 47.75 (N-CH2, 
trans and cis conformers), 124.71 (q, JCF= 275.5 Hz,  CF3), 
Ar-C: [115.90 (d, JCF= 21.0 Hz, CH), 123.12 (d, JCF= 15.0 
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Hz, C), 125.06 (d, JCF= 3.0 Hz, CH), 126.35 (2CH), 128.33 
(2CH), 129.64 (d, JCF= 8.0 Hz, CH), 130.59, 131.89 (d, JCF= 
3.5 Hz, CH), 138.59, 161.05 (d, JCF= 243.0 Hz, C) ], 143.06 
and 146.29 (-N=CH, trans and cis conformers), 146.57 and 
146.81 (triazole C-3, trans and cis conformers), 154.39 and 
164.17 (triazole C-5, trans and cis conformers) and 169.02 
(hydrazide C=O). Anal. Calcd. for C19H16F4N6O2: C, 52.30; H, 
3.70and N, 19.26; found C, 52.31; H, 3.68 and N, 19.22. 

 
2-[4-Amino-3-(4-fluorobenzyl)-4,5-dihydro-1H-1,2,4-

triazol-5-one-1-yl]-N'-{[4-
(trifluoromethyl)phenyl]methylidene}acetohydrazide (4d): 

 Yield 87 %, mp: 257-258°C, IR (νmax, cm-1): 3326(NH), 
3274, 3214 (NH2),1721 (triazole C=O), 1697 (hydrazide C=O) 
and 1678, 1605(C=N), 1H NMR (DMSO-d6, 200 MHZ) δ 
(ppm): 3.89 (s, 2H, benzyl CH2), 4.87 and 4.46 (s, 2H, N-CH2, 
trans and cis conformers), 5.34 (s, 2H, NH2), Ar-H: [7.09-7.17 
(m, 2H), 7.29-7.36 (m, 2H), 7.76-7.88 (m, 2H), 7.92-7.96 (m, 
2H)], 8.07 and 8.27 (s, 1H, N=CH, trans and cis conformers), 
11. 86 (s, 1H, NH). 13C NMR (DMSO-d6, 50 MHZ): δ (ppm): 
30.25 (benzyl CH2), 47.25 and 47.72 (N-CH2, trans and cis 
conformers), 124.60 (q, JCF= 275.0 Hz, CF3,), Ar-C: [115.81 
(d, JCF= 20.5 Hz, 2CH,), 126.92 (2CH), 128.41 (2CH), 
130.60, 131.36 (d, JCF= 8.5 Hz, 2CH), 132.69 (d, JCF= 3.0 Hz, 
C), 138.59, 156.77 (d, JCF= 260.5 Hz, C)], 143.07 and 146.28 
(-N=CH, trans and cis conformers), 146.55 and 146.77 (tria-
zole C-3, trans and cis conformers), 154.41 and 164.20 (tria-
zole C-5, trans and cis conformers) and 169.05 (hydrazide 
C=O). Anal. Calcd. for C19H16F4N6O2: C,52.30; H,3.70 and N, 
19.22; found C, 52.34; H, 3.71 and N, 19.16. 

General procedure for the synthesis  
of carbothioamide derivatives (5a,b) 

Compound 3 (0.01 mol) and 4-fluorophenyl isothiocy-
anate (0.01 mol) was refluxed in ethanol (100 mL) for 2 h. 
The progress of the reaction was monitored by TLC. The 
solution was cooled and a white solid appeared. The precipi-
tated product was filtered and recrystallized from ethanol to 
afford the desired compounds. 
 

2-{[4-Amino-3-(2-fluorobenzyl)-4,5-dihydro-1H-1,2,4-
triazol-5-one-1-yl]acetyl}-N-(4-
fluorophenyl)hydrazinecarbothioamid (5a): 

ield 90 %, mp: 121-122 °C, IR (νmax, cm-1): 3313-3222 
(3NH+NH2), 1720 (triazole C=O), 1687 (thiosemicarbazide 
C=O), 1629 (C=N) and 1236 (C=S), 1H NMR (DMSO-d6, 200 
MHZ) δ (ppm): 3.92 (s, 2H, benzyl CH2), 4.46 (s, 2H, N-CH2), 
5.35 (s, 2H, NH2), Ar-H: [7.13-7.28 (m, 4H), 7.32-7.39 (m, 4H)], 
9. 64 (s, 1H, NH), 9. 72 (s, 1H, NH) and 10. 26 (s, 1H, NH). 13C 
NMR (DMSO-d6, 50 MHZ): δ (ppm): 24.56 (d, JCF=4.0 Hz, 
benzyl CH2), 47.35 (N-CH2), Ar-C: [115.51 (d, JCF= 22.5 Hz, 
2CH), 115.93 (d, JCF= 20.0 Hz, CH), 122.90 (d, JCF= 16.0 Hz, 
C), 125.10 (d, JCF= 2.5 Hz, CH), 128.75 (CH), 129.72 (d, JCF= 
8.5 Hz, 2CH,), 132.02 (d, JCF= 3.5 Hz, CH), 135.93, 160.30 (d, 
JCF= 241.0 Hz, C), 161.05 (d, JCF= 243.5 Hz, C)],146.85 (triazole 
C-3), 154.19 (triazole C-5), 167.26 (C=O) and 181.68 (C=S). 
Anal. Calcd. for C18H17F2N7O2S: C, 49.88; H, 3.95 and N, 22.62; 
found C, 49.92; H, 4.70 and N, 22.64. 

 
2-{[4-Amino-3-(4-fluorobenzyl)-4,5-dihydro-1H-1,2,4-

triazol-5-one-1-yl]acetyl}-N-(4-
fluorophenyl)hydrazinecarbothioamid (5b): 

Yield 92 %, mp: 194-195 °C, IR (νmax, cm-1): 3339-3203 
(3NH+NH2), 1717 (triazole C=O), 1682 (thiosemicarbazide 
C=O), 1621 (C=N) and 1238 (C=S), 1H NMR (DMSO-d6,  

200 MHZ) δ (ppm): 3.90 (s, 2H, benzyl CH2), 4.48 (s, 2H, N-
CH2), 5.37 (s, 2H, NH2); Ar-H: [7.11-7.24 (m, 4H), 7.30-7.41 
(m, 4H)], 9. 68 (s, 1H, NH), 9.80 (s, 1H, NH) and 10. 31 (s, 
1H, NH). 13C NMR (DMSO-d6, 50 MHZ): δ (ppm):30.25 
(benzyl CH2), 47.34 (N-CH2), Ar-C: [115.51 (d, JCF= 22.0 Hz, 
2CH), 115.83 (d, JCF= 21.0 Hz, 2CH), 128.88 (2CH), 131.43 
(2CH), 132.50, 135.96, 161.05 (d, JCF= 243.0 Hz, C), 161.79 
(d, JCF= 241.0 Hz, C)],147.74 (triazole C-3), 154.20 (triazole 
C-5), 167.28 (C=O) and 181.64 (C=S). Anal. Calcd. for 
C18H17F2N7O2S: C,49.88; H,3.95 and N, 22.62; found C, 
50.06; H, 4.07 and N, 22.58. 

General procedure for the synthesis  
of 1,2,4-triazol-5-thione derivatives (6a, b) 

Compound 5 (0.01 mol) was dissolved in 2 N NaOH solu-
tion and riflaxed for 3 h. The solution was cooled to room 
temperature and acidified to pH 3-4 with 37 % HCl. The 
precipitated solid was filtered, washed thoroughly with water, 
dried, and recrystallized from ethanol-water (2:1). 

 
4-Amino-5-(2-fluorobenzyl)-2-{[4-(4-fluorophenyl)-4,5-

dihydro-1H-1,2,4-triazol-5-thione-3-yl]methyl}-2,4-dihydro-
3H-1,2,4-triazol-3-one (6a): 

Yield 82 %, mp: 207-208 °C, IR(νmax, cm-1): 3360 (NH), 
3263, 3178 (NH2), 1693 (triazole C=O), 1605, 1588 (C=N) 
and 1230 (C=S), 1H NMR (DMSO-d6, 200 MHZ) δ (ppm): 
3.82 (s, 2H, benzyl CH2), 4.77 (s, 2H, N-CH2), 5.10 (s, 2H, 
NH2), 7.18-7.25 (m, 8H, Ar-H) and 14.21 (s, 1H, NH). 13C 
NMR (DMSO-d6, 50 MHZ): δ (ppm): 24.49 (benzyl CH2), 
40.84 (N-CH2), Ar-C: [115.92 (d, JCF= 21.5 Hz, 2CH), 116.83 
(d, JCF= 20.0 Hz, CH), 122.75 (d, JCF= 15.5 Hz, C), 125. 08 
(CH), 129.80 (d, JCF= 8.0 Hz, CH), 130.82 (d, JCF= 8.5 Hz, 
2CH), 131.11, 131.96 (d, JCF= 3.5 Hz, CH), 161.57 (d,  
JCF= 241.5 Hz, C), 162.40 (d, JCF= 240.5 Hz, C)], 147.27 
(triazole C-3, second ring), 148.12 (triazole C-3), 153.63 
(triazole C=O) and 168.88 (triazole C=S). Anal. Calcd. for 
C18H15F2N7OS: C, 52.04; H, 3.64 and N, 23.60; found C, 
52.14; H, 3.61 and N, 23.52. 

 
4-Amino-5-(4-fluorobenzyl)-2-{[4-(4-fluorophenyl)-4,5-

dihydro-1H-1,2,4-triazol-5-thione-3-yl]methyl}-2,4-dihydro-
3H-1,2,4-triazol-3-one (6b): 

Yield 85 %, mp: 220-221°C, IR (νmax, cm-1): 3423 (NH), 
3280, 3135 (NH2), 1692 (triazole C=O), 1604, 1569 (C=N) 
and 1226 (C=S), 1H NMR (DMSO-d6, 200 MHZ) δ (ppm): 
3.77 (s, 2H, benzyl CH2), 4.73 (s, 2H, N-CH2), 5.14 (s, 2H, 
NH2), 7.09-7.23 (m, 8H, Ar-H) and 14.23 (s, 1H, NH). 13C 
NMR (DMSO-d6, 50 MHZ): δ (ppm): 30.09 (benzyl CH2), 
40.95 (N-CH2), Ar-C: [115.84 (d, JCF= 21.5 Hz, 2CH,), 
116.60 (d, JCF= 22.5 Hz, 2CH), 128.55 (2CH), 130. 87 (2CH), 
131.38, 132.52, 161.81 (d, JCF= 241.0 Hz, C), 162.59 (d,  
JCF= 240.0 Hz, C)], 147.81 (triazole C-3, second ring), 147.99 
(triazole C-3), 153.04 (triazole C=O) and 169.03 (triazole 
C=S). Anal. Calcd. for C18H15F2N7OS: C, 52.04; H, 3.64 and 
N, 23.60; found C, 52.10; H, 3.64 and N, 23.57. 

General procedure for the synthesis  
of benzythio derivatives (7a, b) 

Compound 6 (10 mmol) was refluxed with an equivalent 
amount of sodium in absolute ethanol for 2h. Then,  
4-fluorobenzyl bromide (10 mmol) was added and stirred 
under reflux for 5 h, product formation was detected by TLC. 
After evaporating the solvent under reduced pressure, a solid 
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appered. The solid product was recrystallized from ethanol-
water (1:1). 

 
4-Amino-5-(2-fluorobenzyl)-2-{[4-(4-fluorophenyl)-5-(4-

fluorobenzythio)-4H-1,2,4-triazol-3-yl]methyl}-2,4-dihydro-
3H-1,2,4-triazol-3-one (7a): 

Yield 71 %, mp: 132-133 °C, IR (νmax, cm-1): 3308, 3201 
(NH2), 1712 (triazole C=O), 1602 and 1589(C=N), 1H NMR 
(DMSO-d6, 200 MHZ) δ (ppm): 3.82 (s, 2H, benzyl CH2), 
4.30 (s, 2H, N-CH2), 4.86 (s, 2H, S-CH2), 5.20 (s, 2H, NH2) 
and 7.05-7.37 (m, 12H, Ar-H). 13C NMR (DMSO-d6, 50 
MHZ): δ (ppm):24.44 (d, JCF=3.5 Hz, benzyl CH2), 35.89 (S-
CH2), 41.41 (N-CH2), Ar-C: [115.90 (d, JCF= 25.5 Hz, 3CH), 
117.20 (d, JCF= 23.5 Hz, 2CH), 122.88 (d, JCF= 16.0 Hz, C), 
125. 06 (d, JCF= 3.0 Hz, CH), 129.12 (d, JCF= 3.0 Hz, CH), 
129.72 (d, JCF= 8.5 Hz, CH,), 130.11 (d, JCF= 9.5 Hz, 2CH,), 
131.68 (d, JCF= 9.0 Hz, 2CH), 131.97 (d, JCF= 4.5 Hz, C),  
134.05 (d, JCF= 3.0 Hz, C),  160.98 (d, JCF= 243.0 Hz, C), 
162.14 (d, JCF= 242.5 Hz, C), 163.12 (d, JCF= 246.0 Hz, C)], 
146.97 (triazole C-3),151.58 (triazole C-3, second ring), 
152.00 (triazole C-5, second ring) and 153.01 (triazole C=O). 
Anal. Calcd. for C25H20F3N7OS: C,57.36; H,3.85 and N, 
18.73; found C, 57.57; H, 3.89 and N, 18.63. 

 
4-Amino-5-(4-fluorobenzyl)-2-{[4-(4-fluorophenyl)-5-(4-

fluorobenzythio)-4H-1,2,4-triazol-3-yl]methyl}-2,4-dihydro-
3H-1,2,4-triazol-3-one (7b):  

Yield 75 %, mp: 145-146 °C, IR (νmax, cm-1): 3333, 3278 
(NH2), 1707 (triazole C=O), 1602 and 1583(C=N), 1H NMR 
(DMSO-d6, 200 MHZ) δ (ppm): 3.77 (s, 2H, benzyl CH2), 
4.31 (s, 2H, N-CH2), 4.88 (s, 2H, S-CH2), 5.15 (s, 2H, NH2) 
and 7.09-7.37 (m, 12H, Ar-H). 13C NMR (DMSO-d6,  
50 MHZ): δ (ppm): 30.10 (d, JCF= 3.5 Hz, benzyl CH2), 35.88 
(S-CH2), 41.35 (N-CH2), Ar-C: [115.81 (d, JCF= 21.5 Hz, 
2CH), 115.92 (d, JCF= 21.5 Hz, 2CH), 117.22 (d, JCF= 22.5 
Hz,2CH), 129.10 (d, JCF= 3.0 Hz, C), 130.04 (d, JCF= 9.0 Hz, 
2CH), 130.41 (d, JCF= 8.0 Hz,2CH), 131.69 (d, JCF= 8.5 Hz, 
2CH), 132.46 (d, JCF= 3.0 Hz, CH),  134.04 (d, JCF= 3.0 
Hz,C),  161.81 (d, JCF= 241.0 Hz,C), 162.14 (d, JCF= 242.5 
Hz,C), 163.11 (d, JCF= 247.0 Hz,C)], 147.98 (triazole C-
3),151.63 (triazole C-3, second ring), 152.02 (triazole C-5, 
second ring) and 153.01 (triazole C=O). Anal. Calcd. for 
C25H20F3N7OS: C, 57.36; H, 3.85 and N; 18.73. found C, 
57.42; H, 3.80 and N, 18.62. 

General procedure for the synthesis  
of 1,3,4-oxadiazole derivatives (8a, b) 

A mixture of compound 3 (10mmol), potassium hydroxide 
(10mmol), CS2 (10mmol) and ethanol (50 mL) was heated 
under reflux for 3 h. The solution was then concentrate, cooled 
and acidified with dilute HCl. The solid formed was filtered, 
washed with water and recrystallized from ethanol to afford 
the desired compound. 

 
4-Amino-5-(2-fluorobenzyl)-2-[(4,5-dihydro-1,3,4-

oxadiazol-5-thione-2-yl)methyl]-2,4-dihydro-3H-1,2,4-triazol-
3-one (8a): 

Yield 73 %, mp: 217-218 °C, IR (νmax, cm-1): 3318, 3207 
(NH2), 2592 (SH), 1677 (triazole C=O) and 1628, 1581,1520 
(C=N), 1H NMR (DMSO-d6, 200 MHZ) δ (ppm): 3.92 (s, 2H, 
benzyl CH2), 5.04 (s, 2H, N-CH2), 5.45 (s, 2H, NH2), 7.14-
7.29 (m, 4H, Ar-H) and 14.57 (bs, 1H, SH). 13C NMR 
(DMSO-d6, 50 MHZ): δ (ppm):24.57 (d, JCF=3.5 Hz, benzyl 
CH2), 40.72 (N-CH2), Ar-C: [115.95 (d, JCF= 21.5 Hz, CH), 

122.78 (d, JCF= 15.5 Hz, C), 125.13 (d, JCF= 3.5 Hz,CH), 
129.75 (d, JCF= 8.0 Hz,CH), 131.93 (d, JCF= 4.5 Hz,CH), 
161.02 (d, JCF= 243.5 Hz,C)], 147.96 (triazole C-3), 153.57 
(triazole C=O), 159.82 (oxadiazole C-2) and 178.68 (oxadia-
zole C-5). Anal. Calcd. for C12H11FN6O2S: C, 44.72; H, 3.44 
and N, 26.07; found C, 44.78; H, 3.40 and N, 25.93. 

 
4-Amino-5-(4-fluorobenzyl)-2-[(4,5-dihydro-1,3,4-

oxadiazol-5-thione-2-yl)methyl]-2,4-dihydro-3H-1,2,4-triazol-
3-one (8b):  

Yield 75 %, mp: 223-224 °C, IR (νmax, cm-1): 3313, 3206 
(NH2), 2590 (SH), 1681 (triazole C=O) and 1604, 1584, 1510 
(C=N), 1H NMR (DMSO-d6, 200 MHZ) δ (ppm): 3.89 (s, 2H, 
benzyl CH2), 5.05 (s, 2H, N-CH2), 5.38 (s, 2H, NH2), 7.07-
7.16 (m, 2H, Ar-H), 7.26-7.33 (m, 2H, Ar-H) and 14.63 (bs, 
1H, SH). 13C NMR (DMSO-d6, 50 MHZ): δ (ppm):30.19 
(benzyl CH2), 40.70 (N-CH2), Ar-C: [115.87 (d, JCF= 21.5 
Hz,2CH), 131.39 (d, JCF= 8.0 Hz,2CH), 132.37 (d, JCF= 3.0 
Hz, C),  161.81 (d, JCF= 241.5 Hz, C)], 148.93 (triazole C-3), 
153.60 (triazole C=O), 159.84 (oxadiazole C-2) and 178.65 
(oxadiazole C-5). Anal. Calcd. for C12H11FN6O2S: C, 44.72; 
H, 3.44 and N, 26.07; found C, 44.80; H, 3.42 and N, 25.97. 

General procedure  
for the synthesis of Mannich bases (9a, b) 

To 20 mL dimethyl formamide was added appropriate tri-
azole (8a and 8b) (10 mmol), formaldehyde (40%, 1.5 mL) 
and 4-(trifluoromethoxy)aniline (10 mmol), the reaction mix-
ture was stirred 6 h, then distilled water was added and al-
lowed to stand overnight in refrigerator. The precipitate so 
obtained was filtered, washed with cold waterand recrystal-
lized from ethanol-water (1:2). 

 
4-Amino-5-(2-fluorobenzyl)-2-({4-[(4-

trifluoromethoxyphenylamino)methyl]-5-thioxo-1,3,4-
oxadiazol-2-yl}methyl)-2,4-dihydro-3H-1,2,4-triazol-3-one 
(9a): 

Yield 38 %, mp: 114-115 °C, IR (νmax, cm-1): 3364, 3280 
(NH2), 3065 (NH), 1714 (triazole C=O), 1609, 1585, 1511 
(C=N), 1259 (OCF3) and 1233 (C=S), 1H NMR (DMSO-d6, 
200 MHZ) δ (ppm): 3.96 (s, 2H, benzyl CH2), 4.70 (s, 2H, N-
CH2), 5.07 (bs, 1H, NH), 5.27 (s, 2H, NH2), 5.69 (bs, 2H, N-
CH2-NH-), 6.97-7.14 (m, 3H, Ar-H), 7.17-7.29 (m, 2H, Ar-H) 
and 7.47-7.80 (m, 3H, Ar-H). 13C NMR (DMSO-d6, 50 MHZ): 
δ (ppm): 24.90 (d, JCF=3.5 Hz, benzyl CH2,), 47.132 (N-CH2), 
56.74 (N-CH2-NH-), 122.52 (q, JCF= 270.5 Hz, OCF3), Ar-C: 
[115.95 (d, JCF= 21.5 Hz, CH), 118.18 (2CH), 122.54 (2CH), 
123.27, 125.09, 129.80, 131.88 (d, JCF= 3.5 Hz, C), 132.12, 
136.75, 161.88 (d, JCF= 241.0 Hz, C)], 147.29 (triazole C-3), 
153.46 (triazole C=O), 157.73 (oxadiazole C-2) and 178.74 
(oxadiazole C-5). Anal. Calcd. for C20H17F4N7O3S: C, 46.97; 
H, 3.35 and N, 19.17; found C, 47.14; H, 3.28 and N, 18.93. 

 
4-Amino-5-(4-fluorobenzyl)-2-({4-[(4-

trifluoromethoxyphenylamino)methyl]-5-thioxo-1,3,4-
oxadiazol-2-yl}methyl)-2,4-dihydro-3H-1,2,4-triazol-3-one 
(9b): 

Yield 32 %, mp: 129-130 °C, IR (νmax, cm-1): 3353, 3274 
(NH2), 3117 (NH), 1718 (triazol C=O), 1614, 1581, 1512 
(C=N), 1259 (OCF3) and 1233 (C=S), 1H NMR (DMSO-d6, 
200 MHZ) δ (ppm): 3.46 (s, 2H, benzyl CH2), 4.65 (s, 2H, N-
CH2), 5.10 (bs, 1H, NH), 5.40 (s, 2H, NH2), 5.70 (bs, 2H, N-
CH2-NH-), 6.73-7.46 (m, 6H, Ar-H) and 7.60-7.76 (m, 2H, 
Ar-H). 13C NMR (DMSO-d6, 50 MHZ): δ (ppm): 30.55 (ben-
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zyl CH2), 47.36 (N-CH2), 62.24 (N-CH2-NH-), 123.87 (q, 
JCF= 271.0 Hz, ,OCF3), Ar-C: [115.77 (d, JCF= 21.0 Hz, 
2CH), 122.24 (2CH), 126.99 (2CH), 136.76, 128.35 (d, JCF= 
8.0 Hz, 2CH), 131.32 (d, JCF= 3.0 Hz, C), 131.72,  161.85 (d, 
JCF= 240.0 Hz, C)], 147.10 (triazole C-3), 152.89 (triazole 
C=O), 157.83 (oxadiazole C-2) and 177.13 (oxadiazole C-5). 
Anal. Calcd. for C20H17F4N7O3S: C, 46.97; H, 3.35 and N, 
19.17; found C, 46.73; H, 3.52 and N, 18.83. 

Biological assays 

Antioxidant Activity 

 In this study, the antioxidant activities of the synthe-
sized compounds were determined using Cupric reducing 
antioxidant capacity assay, radical scavenging activities of the 
synthesized compounds ABTS (2,2-azinobis(3- ethylbenzothi-
azoline-6-sulfonic acid) and DPPH (1,1- diphenyl-2-
picrylhydrazyl) systems.  

Cupric reducing antioxidant capacity (CUPRAC) assay 

 The cupric reducing antioxidant capacity of the 
synthesized compounds was determined according to the 
method of Apak et al.37 To a test tube 1 mL each of 10 mM 
Cu(II) chloride (Sigma Chemical Co, USA), 7.5 mM neocu-
prine (Sigma Chemical Co, USA), and NH4Ac (Fluka Chemi-
cal Co., Switzerland buffer (1 M, pH 7.0) solutions were 
added. About 5 µL of compound solution in DMSO and 1.095 
mL of water were added to the initial mixture so as to make 
the final volume 4.1 mL. The tubes were stoppered, and after 
30 min, the absorbance at 450 nm was recorded against a 
reagent blank containing no compound. Trolox® (Sigma 
Chemical Co, USA) was also tested under the same conditions 
as a standard antioxidant compound. The standard curve was 
linear between 8 mg/mL and 0.125 mg/mL trolox (r2=0.998). 
CUPRAC values were expressed as mg Trolox equivalent of 1 
mg synthesized compound. 

DPPH-Free radical scavenging assay 

 The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical has 
been used widely in the model system to investigate the scav-
enging activities of several synthesized and natural com-
pounds. The DPPH radical scavenging activity of the synthe-
sized compounds was measured using the method of Brand-
Williams.38 Briefly, 0.1 mM DPPH (2,2-diphenyl-1-
picrylhydrazyl, Aldrich-Germany) was prepared in methanol. 
1200 microliters of this solution was added 300 microliters of 
the sythesized compound solution in DMSO. After, in the dark 
for 50 min incubation period at room temperature, the de-
crease in absorbance at 517 nm was measured, using a UV-
Visible spectrophorometer (1601UV-Shimadzu, Australia). 
All determinations were carried out three times. Radical scav-
enging activity was measured by using ascorbic acid (AA), 
butylated hydroxy toluene (BHT) and catechin (Sigma Chemi-
cal Co, USA) as standards and all values are expressed as SC50 
(µg compound per mL), the concentration of the samples that 
causes 50% scavenging of DPPH radical. The DPPH radical 
stock solution was prepared fresh daily. 

ABTS•+ Radical Cation Decolorization Assay 

 The ability of the synthesized compound to scavenge 
ABTS•+ radical was determined according to the literature.39 
ABTS [2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] 
was dissolved in water to a 7 mM concentration. ABTS 

(Sigma Chemical Co, USA) radical cation (ABTS•+)was pro-
duced by reacting ABTS stock solution with 2.45 mM potas-
sium persulfate (Sigma Chemical Co, USA), (final concentra-
tion) and allowing the mixture to stand in the dark for 16–18 h 
at room temperature. Before usage, the ABTS solution was 
diluted to get an absorbance of 0.700 ± 0.020 at 734 nm with 
PBS at pH 7.4. The compound solution of 200 µL was added 
to 1800 microliters of the resulting blue-green ABTS•+ radical 
solution. After, incubation 5 min in the dark at room tempera-
ture, the decrease of absorbance at 734 nm was measured by 
using a UV-Visible spectrophorometer (1601UV-Shimadzu, 
Australia). All determinations were carried out three times. 
ABTS radical scavenging activity was measured by using 
ascorbic acid,  catechin and bht (Sigma Chemical Co, USA) as 
standards and the percentage scavenging was calculated from 
the formula  

% Scavenging = [(ODcontrol-ODtest)/( ODcontrol)x100]. 

In vitro anti-xanthine oxidase assay 

The inhibition of xanthine oxidase (XO)  was measured by 
UV spectroscopy technique at 295 nm which attributes to 
released uric acid from xanthine. The inhibitory activity of 
each compound was determined using a slight modification of 
the reference methods.40-43 Briefly, the reaction mixture con-
sisted of 500 µL of the test compound solution in DMSO, 770 
µL of phosphate buffer (pH 7.8) and 0.07 mL of bovine milk 
XO (Sigma–Aldrich, St. Louis, USA), which was prepared 
immediately before use. After preincubation at 25º C for  
15 minutes the reaction was initiated by the addition 660 µL 
mL of substrate solution into the mixture. The assay mixture 
was incubated at 25º C for 15 min. The reaction was stopped 
by adding 200 µL of 0.5 N HCl and the absorbance was meas-
ured at 295 nm using UV/vis spectrophotometer (1601UV-
Shimadzu, Australia).  

A well known XO inhibitor (XOI), allopurinol (Sigma–
Aldrich, St. Louis, USA) was used as a positive control for the 
inhibition test. The assay was done in triplicate. XO activity 
was expressed as percent remaining activity of XO, calculate 
as [(B/A) x 100], where A is the change in absorbance of the 
assay without the test samples. (∆ abs with enzyme -∆ abs 
without enzyme), and B is the change in absobance of the 
assay with the test sample (∆ abs with enzyme - ∆ abs without 
enzyme). The assay was done in triplicate. The IC50 value was 
determined as the concentration of compound that give 50% 
inhibition of maximal activity. 

Urease inhibition assay 

Urease is an enzyme that caproductiontalyzes the hydroly-
sis of urea into carbon dioxide and ammonia. The production 
of ammonia was measured by indophenol method and used to 
determine the urease inhibitory activity.44 Reaction mixtures 
including 100 µL of Jack Bean Urease, 400 µL of buffer (100 
mM urea, 0.01 M K2HPO4, 1 mM EDTA and 0.01 M LiCl, pH 
8.2) and 500 µL of the test compound solution in ethanol were 
incubated with at room temperature for 15 min. The phenol 
reagent (500 µL, 1% w/v phenol and 0.005% w/v sodium 
nitroprusside) and alkali reagent (500 µL, 0.5% w/v sodium 
hydroxide and 0.1% v/v NaOCl) were added to each tube and 
the increasing absorbance at 625 nm was measured after 50 
min, using a UV/vis spectrophotometer (1601UV-Shimadzu, 
Australia). The percentage inhibition was calculated from the 
formula % Inhibition = [(ODcontrol-ODtest)/( ODcontrol)x100]. 
Thiourea was used as the standard inhibitor. In order to calcu-
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late IC50 values, different concentrations of synthesized com-
pounds and standard were assayed at the same reaction condi-
tions. 

RESULTS AND DISCUSSION 

 The synthetic routes to the target compounds  
2-7 are illustrated in Scheme 1. Initially, the key 
intermediates, 3-(2-fluorobenzyl)-4-amino-4,5-
dihydro-1H-1,2,4-triazole-5-one (1a) and 3-(4-
fluorobenzyl)-4-amino-4,5-dihydro-1H-1,2,4-
triazole-5-one (1b), were prepared following a 
previously reported literature procedure.45 Reaction 
of compounds 1a, b, with ethyl bromoacetate in 
the presence of sodium ethoxide in anhydrous 
ethanol afforded ethyl acetate derivatives (2a, b). 
These compounds treatment with hydrazine  
hydrate in 1-butanol yielded corresponding acid 
hydrazides (3a, b). The compounds 3a, b reacted 
with some aldehydes in ethanol afforded the corre-
sponding methylidene acetohydrazide derivatives 
(4a-d). In the IR spectra of compounds 4a-d, we 
observed the bands at around 3330 cm-1(NH), 3267 
and 3205 cm-1 (triazole NH2), 1720 cm-1 (triazole 
C=O) and 1695 cm-1 (hydrazide C=O). Further-
more, In the 1H NMR spectra, the hydrazide –NH2 
protons signals (at around 4.24 ppm) was absent 
and triazole NH2 protons observed at about 5.34 
ppm. This observation showed that only hydrazide 
–NH2 of compounds 3a, b were reacted to alde-
hydes in the reaction conditions, although this 
compounds include 2 NH2 groups in the structure. 
On the other hand, In the 1H NMR spectra of com-
pounds 4a-d, NCH2 and N=CH proton signals and 
NCH2, triazole C-3, triazole C-5 and N=CH carbon 
signals in the 13C NMR spectrum were recorded as 
double peaks. Because, methylidene acetohy-
drazide derivativesmay exist as E/Z geometrical 
isomers about C=N double bond and cis/trans  
amide confermers at the CO-NH single bond  
(Scheme 2)46-50. 
 According to the literature, compounds contain-
ing  an N=CH double bond restricts rotation and 
gives rise to the formation of E and Z isomers with 
the E isomer dominating, and that the equilibration 
rate is rather low. As is known, when methylidene 
acetohydrazide derivativesare dissolved in polar 
solvents (such as dimethyl-d6 sulfoxide), the geo-
metrical E isomers of these compounds undergo a 
rapid cis/trans amide equilibrium, in which the 
trans conformer predominates. The E isomers and 
the cis/trans confermer ratios can easily be deter-

mined by 1H NMR integration. In the current 
study, the chemical shift values of cis/trans con-
formers belonging to protons of  NCH2 and N=CH 
in the 1H NMR and to carbons of  NCH2, triazole 
C-3, triazole C-5 and N=CH in the 13C NMR spec-
tra of compounds 4a-d and the percentage ratios of 
cis/trans conformers are given in Table 1. These 
data prove the E isomers and trans confermer 
structures (I) to be dominant forms among the four 
possible structures46-50. 

While trans conformer structures of the proton 
signals of  N=CH are found in upfield, their cis 
conformer structures in downfield in the 1H NMR 
spectra of compounds 4a-d. In contrast, trans con-
former structures of the protons of N-CH2 are 
found in downfield, while their cis conformer 
structures in upfield in the 1H NMR spectra, be-
cause of steric hindrance.46-50 

Carbothioamide derivatives (5a, b) were ob-
tained by the reaction of compounds 3a, b with 4-
fluorophenylisothiocyanate. The cyclization of 
compounds 5a, b in the presence of 2N NaOH 
resulted in the formation of the 1,2,4-triazole-5-
thiones (6a,b). Furthermore, reaction of hydrazides 
(3a, b) with CS2 in the presence of aqueous KOH 
afforded the 1,3,4-oxadiazole-5-thiones (8a,b). The 
compounds 6a-b and 8a-b may exist in thiole and 
thione tautomeric forms51. According to the IR 
spectroscopic data of the compounds 6a, b which 
have thione structure, the presence of C=S and N-
H stretching bands at 1230 cm-1 and 3423 cm-1, 
respectively and the absence of an absorption 
about in 2600-2550 cm-1 region for S-H group 
have proved that these compounds predominantly 
exist, in solid state, in the tautomeric thione 
form.52-53 However, 8a, b have thiole structure, the 
presence of S-H bands at 2590 cm-1, and the ab-
sence of an absorption about 3100-3400 cm-1 re-
gion for N-H group have proved that these com-
pounds predominantly exist, in solid state, in the 
thiole form.43 

Compounds 6a, b were converted to their cor-
responding S-(4-fluorobenzyl) derivatives  (7a, b) 
by the reaction with 4-fluorobenzyl bromide in 
presence of sodium ethoxide. On the other hand, 
reaction of hydrazides (3a, b) with CS2 in the pres-
ence of aqueous KOH afforded the 1,3,4-
oxadiazole-5-thiones (8a, b). These compounds 
(8a, b) reacted with formaldehyde and 4-
(trifluoromethoxy) aniline in DMF medium to give 
N-Mannich bases (9a, b). 
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Table 1 

Determination of chemical shifts and percentage of cis/trans conformers  
in 1H NMR and 13C NMR spectra at 200 MHz (in DMSO-d6) 

Comp. Confor. NMR NCH2 N=CH Triazole C3 Triazole C5 
Ratio 

(trans/cis) 
H 4.83 7.99 - - trans 
C 47.233 143.57 146.50 154.38 

% 70.94 
 

H 4.42 8.19 - - 

4a 

cis 
C 47.66 146.84 146.74 163.85 

% 29.06 
 

H 4.85 7.99 - - trans 
C 47.22 143.58 147.48 154.41 

% 71.78 

H 4.43 8.17 - - 

4b 

cis 
C 47.66 146.88 147.73 164.20 

% 28.22 

H 4.87 8.06 - - trans 
C 47.28 143.06 146.57 154.39 

% 72.20 

H 4.46 8.26 - - 

4c 

cis 
C 47.71 146.29 146.81 164.17 

% 27.80 

H 4.87 8.07 - - trans 
C 47.25 143.07 147.55 153.41 

% 73.15 

H 4.46 8.27 - - 
C 47.72 146.28 147.77 164.20 

4d 

cis 

     

% 26.85 

 
 
Moreover, in the current study, in the 13C NMR 

the aromatic carbons containing fluoro atom ap-
pear as doublets in the region 115-165 ppm due to 
C-F coupling. Because, 19F has a  nuclear spin of  
1/2. This means that carbon signals are split into 

n+1 parts. Chemical shifts and JCF coupling 
constants for 7a and 7b compunds bearing three 
fluorinated aromatic ring were given as examples 
in Scheme 3. 
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Scheme 3 – 13C-NMR chemical shiftsand JCF  coupling constants for compounds 7a and 7b. 
 

 
CUPRAC Antioxidant Activity Assay 

 The CUPRAC method, is based on the absorb-
ance measurement of the CUPRAC chromophore, 
Cu(I)-neocuproine (Nc) chelate, formed as a result 
of the redox reaction of antioxidants with the CU-
PRAC reagent, bis(neocuproine)copper(II) cation 
[Cu(II)-Nc], where absorbance is recorded at the 
maximal light absorption wavelength of 450 nm. 
The orange–yellow colour is due to the Cu(I)-Nc 

charge-transfer complex formed.37 The maximum 
antioxidant capacity in the CUPRAC method was 
observed for compound 9a. According to the CU-
PRAC results, compounds 3a, 3b, 6b, 8a, 8b and 
9b were evaluated as more dominant activity than 
5a, 5b and 6a  (Fig. 1). The compounds 2a, 2b, 4a, 
4b, 4c, 4d, 7a and 7b exhibited very little antioxi-
dant capacity in the CUPRAC method. 
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Fig. 1 – CUPRAC test results of all the synthesized compounds as mM TEAC (Trolox equivalent antioxidant  
capacity) values obtained from [Trolox]- absorbance calibration graph (r2=0.998). CUPRAC values of compounds 
                                                          are expressed as the mean ±SD in triplicate. 
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DPPH Scavenging Assay 

The DPPH method is based on the fact that the 
free radical is purple in color, and that the purple 
color of DPPH decays in the presence of an 
antioxidant. The color changed from purple to 
yellow after reduction, which can be quantified by 
its decrease of absorbance at wavelength 517 nm. 
The results were expressed as SC50 (µg/mL), which 
was calculated from the curves by plotting 
absorbance values, the SC50 values representing the 
concentration of the compound (µg/mL) required 
to inhibit 50% of the radicals. When the CUPRAC 
and DPPH scavenging activity methods were 
correlated by each others,  compounds 9a-9b could 
be seen as an efficient samples. On the other hand, 
the compounds 3a, 6b, 8a and 8b showed 
moderate activity, while the compounds 5b and 6a 
had weak activity (Figure 2). Because of the 
compounds 2a, 2b, 4a, 4b, 4c, 4d, 7a and 7b 
exhibited very little radical scavenging activity in 
the DPPH and ABTS methods, not depicted in Fig. 
2.  

ABTS•+ Radical Scavenging Activity 

The pre-formed radical monocation of 2,2′-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) 

(ABTS•+) is generated by oxidation of ABTS with 
potassium persulfate and is reduced in the presence 
of such hydrogen-donating antioxidants. The com-
pounds 3a, 3b, 5a, 5b, 6b, 8a, 8b, 9a and 9b 
showed more efficient scavenging activity than bht 
and ascorbic acid, at concentration of 5.0 µg/mL. 
Also, compound 6a exhibited very good scaveng-
ing activity at the same concentration (Fig. 3). 

 
In vitro anti-xanthine oxidase activity results 

All the synthesized compounds were evaluated 
with regard for bovine milk xanthine oxidase activ-
ity. The results had shown that the compound 4a 
had good activity to inhibit XO up to 92.13 % at 
concentration of 31.25 µg/mL (Table 2). Among 
the synthesized compounds, 4a displayed the best 
inhibitory effect against XO with an IC50 value of 
36.37±0.11 µM. Also, compound 4c exhibited 
good inhibition activity. The compounds 4b and 4d 
showed moderate XO enzyme inhibition activity. 
IC50 values of Allopurinol and the compound 4a 
were calculated as 4.11±0.07 and 36.37±0.11 µM, 
respectively. The synthesized the compounds 4a 
and 4b can be evaluated as a good alternative to 
Allopurinol. 
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Fig. 3 – ABTS•+ Radical scavenging activity values of the synthesized compounds and standards.  

% ABTS•+ scavenging percentage of compounds and standards are expressed as the mean ±SD in triplicate. 
 

Table 2 

Results of % remaining XO activity and IC50 values of the synthesized chemical compounds 

Compounds (31.25 µg/mL) IC50 (µM) 
Control 100.00 - 

4a 7.87±0.21 36.37±0.11 
4b 14.62±0.37 45.09±0.09 
4c 10.94±0.23 37.03±0.35 
4d 27.87±0.18 39.37±0.23 

Allopurinol  0.00 ±0.00 4.11±0.07 

Control, bovine milk xanthine oxidase without inhibitor; Allopurinol, positive control. 
Residual activities of compounds are expressed as the mean ±SD in triplicate. 

 
Table 3 

Inhibitory activities and IC50 values of the synthesized compounds against Jack Bean urease.  
Thiourea, positive control. % Inhibition values of compounds are expressed as the mean ±SD in triplicate 

% Inhibition urease activity 
Compound No (43.75 µg/mL) IC50 (µM) 

5a 87.21±0.61 35.23±0.19 
5b 92.64±0.59 48.58±0.30 
6a 74.07±0.23 70.69±0.55 
6b 73.86±0.11 50.57±0.25 
8a 94.29±0.31 49.67±0.17 
8b 97.86±1.09 48.49±0.21 
9a 97.14±0.27 29.34±0.36 
9b 98.43±0.28 28.89±0.11 

Thiourea 97.57±0.41 63.72±0.23 
 



 1,2,4-triazole-5-on derivatives 745 

 

Anti-urease activity results 

The synthesized compounds were assayed for 
their in vitro inhibitory activity against Jack Bean 
urease. Inhibitory effect of compounds and 
thiourea were measured at the range of 43.75 to 
2.73 µg/mL concentrations. Thiourea with IC50 
value 63.72±0.23 µM was used as standard 
inhibitor. Among the synthesized compounds, 9b 
exhibited the best inhibitory effect against urease 
with IC50 value 28.89±0.11 µM (Table 3). 
Compound 9b inhibited urease activity by 
36.07±0.41%, 68.29±0.09% and 98.43±0.28 at 
concentrations of 10.94, 21.87 and 43.75 µg/mL, 
respectively. Furthermore, compound 9a showed 
very good inhibition activity. These compounds, 
such as 9a and 9b can be considered as potential 
antibiotics to treat helicobacter pylori infections. 
On the other hand, compounds 5a, 5b, 6a, 6b, 8a 
and 8b demonstrated moderate urease inhibitory 
properties. 

CONCLUSION 

As the current, clinically used urease  and 
xanthine oxidase inhibitor drugs have side-
effects.7,13-15 So, there is a need to investigate the 
new urease and XO inhibitors with good 
bioavailability and low toxicity. For this purpose, 
novel fluorinated 1,2,4-triazole-5(3)-on derivatives 
have been synthesized. The newly synthesized 
compounds were tested in vitro for antioxidant 
activity and, urease and XO inhibitory activities. 
The results of this study revealed that fluorinated 
1,2,4-triazole-5-on derivatives can be used 
explored as anti-XO, anti-urease and antioxidant 
molecules.  
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