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 Antioxidant activity of a series of previously described 5-amino-N-(iododi(per)fluoroalkyl)-1H-
1,2,3-triazole-4-carboxamides 3a-r, their synthetic precursors 5-amino-N-allyl-1,2,3-triazole-4-
carboxamides 1a-g, and their deamination products N-(3-di(per)fluoroalkyl-2-iodo-n-propyl)-
1,2,3-triazole-4-carboxamides 4a-e was investigated in vitro using DPPH test and ascorbic acid 
as a standard reference. It was established that compounds 3a-r inhibit DPPH free radicals in 
moderate to high values (50.9–97.6%). The effect of substituents in the position 1 of the 1,2,3-
triazole nucleus, fluoroalkyl groups and amino groups on the level of antioxidant activity was 
studied in detail. Reactivity and electrostatic surface potential were evaluated for the most active 
carboxamides 3a,g,r using the DFT method, and molecular docking was studied in the NADPH 
oxidase protein model. 
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Graphical Abstract 
1. Introduction  
 

       Among the five-membered nitrogen-containing heteroaromatic systems, 1,2,3-triazoles are representatives of structures 
with powerful synthetic,1-6 medical-biological,7-14 and materials science15,16 potential. It is important that almost all 
biologically active derivatives usually contain various functional groups in addition to the pharmacophoric 1,2,3-triazole 
scaffold. The importance of 1,2,3-triazole carboxamides is also worth noting, which are the basis of a number of synthetic 
drugs, including the anticonvulsant drug Rufinamide, the antiproliferative drug Carboxyamidotriazole (CAI) and the 

mailto:ivannayu@ukr.net


 252 

antiretroviral drug tert-butyldimethylsilyl-spiroaminooxathioledioxide (TSAO) (See Fig. 1). Of these, CAI deserves special 
attention due to antitumor, antiangiogenic and antimetastatic properties and is structurally an analogue of anthranilic acid 
amide, the derivatives of which are noted for their wide therapeutic potential.17 
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Fig. 1. Pharmaceutical preparations based on the 1,2,3-triazole carboxamide 

 
      Generally, 5-amino-1,2,3-triazole-4-carboxamide derivatives are very interesting research objects in medicinal and 
pharmaceutical chemistry due to their diverse spectrum of pharmacological activity. It is known that they exhibit inhibitory 
activity against bacterial LexA repressor-protease,18 vascular endothelial growth factor receptors I and II (VEGF 1 and 2),19 
block mitochondrial complex I, which makes them promising for anticancer and radiosensitizing therapy,20 and also act as 
selective release inhibitors of interleukin-1β.21 They also show promising antimicrobial properties by inhibiting the SOS-
dependent response of bacteria,22,23 as well as activity against varicella-zoster virus and cytomegalovirus,24 and are 
potentially promising for the treatment of Chagas disease. It was experimentally proven that the bioactivity of the triazole 
core is enhanced by amino group in position 5 which can form an intramolecular hydrogen bond with the amide carbonyl 
group stabilizing the bioactive conformation, or participate in specific interactions with molecular targets.25 The introduction 
of fluorine atoms or fluoroalkyl groups into the side chain of 1,2,3-triazole in combination with iodine atoms is also 
important, since such substituents significantly affect key pharmacological parameters. They improve membrane 
permeability, increase metabolic stability, lipophilicity and affinity to biological targets. As a rule, this leads to an increase 
in the biological and pharmacological effectiveness of potential drugs.26-31 

      One of the priority directions of modern medical and pharmaceutical chemistry is the search for compounds with 
antioxidant properties to effectively combat oxidative stress.32-34 Oxidative stress occurs due to an imbalance between the 
formation and accumulation of reactive oxygen species in cells and tissues. This plays a critical role in the development of 
a variety of chronic and degenerative diseases such as aging, cancer, cataracts, autoimmune disorders, rheumatoid arthritis, 
cardiovascular and neurodegenerative diseases. The human body is able to combat oxidative stress due to the action of 
antioxidants which it can synthesize naturally or obtain from the outside through food products and supplements. At the 
same time, endogenous defense systems are insufficient without exogenous antioxidants so the demand for external 
antioxidants to prevent oxidative stress is constantly increasing.35,36 In the context of the aforementioned, the study of 5-
amino-1,2,3-triazole-4-carboxamide derivatives represents a rather interesting perspective. These compounds are 
characterized by structural flexibility which enables their easy modification with various functional groups, significantly 
changing their biological properties. The introduction of fluorine-containing groups, iodine atoms, variable substituents in 
position 1 of the triazole nucleus and the effect of an amino group in position 5 can significantly vary the activity of 1,2,3-
triazole-4-carboxamide derivatives which opens new horizons for the development of innovative therapeutic agents. 
 

2. Results and Discussion  

2.1 Chemistry and antioxidant activity 

     The creation of a focused library of 5-amino-N-(iodo(per)fluoroalkyl-functionalized)-1H-1,2,3-triazole-4-carboxamides 
for further medical and biological research used the previously described organophotocatalytic method of 
defunctionalization of the double bond of derivatives 5-amino-N-allyl-1,2,3-triazole-4-carboxamides with commercially 
available di(per)fluoroalkyl iodides in the presence of the environmentally and economically attractive photocatalyst 
fluorescein.37  
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Scheme 1. Synthesis of 5-amino-N-(3-di(per)fluoroalkyl-2-iodo-n-propyl)-1,2,3-triazole-4-carboxamides 3a-r 
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     Variations of 5-amino-N-allyl-1,2,3-triazole-4-carboxamides 1a-g and fluoroalkyl iodides 1,1-difluoroethyl iodide 2a, 
n-perfluoropropyl iodide 2b, perfluoroisopropyl iodide 2c, n-perfluorobutyl iodide 2d and ethyl difluoroiodoacetate 2e 
allowed us to obtain a series of pharmacologically attractive compounds of type 3 and to investigate the effect of substituents 
in the carboxamide fragment on the antioxidant activity (See Scheme 1). Obtained compounds (See Table 1) were tested 
in vitro for their ability to inhibit 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals at a concentration of 5 mM (methanol 
solution, measurement after 60 min). Ascorbic acid was used as a reference compound. The results of experiments showed 
that 5-amino-N-(iodo(per)fluoroalkyl functionalized)-1H-1,2,3-triazole-4-carboxamides 3a-r absorb from 50.9 to 97.6% of 
the formed radicals. The most pronounced antioxidant effect was observed for 5-amino-N-(4,4-difluoro-2-iodopentyl)-1-
methyl-1H-1,2,3-triazole-4-carboxamide 3a and 5-amino-N-(4,4-difluoro-2-iodopentyl)-1-phenyl-1H-1,2,3-triazole-4-
carboxamide 3g where inhibition was 97.6%. A somewhat lower level of DPPH radical inhibition was shown by 5-amino-
N-(4,4-difluoro-2-iodopentyl)-1-(pyridin-4-yl)-1H-1,2,3-triazole-4-carboxamide 3r (I = 87.0%). Analysis of the structure–
activity dependence confirmed the positive effect of iodo(per)fluoroalkyl substituents, in particular 4,4-difluoro-2-iodo 
group, on the antioxidant activity of the studied compounds. For comparison, the starting 5-amino-N-allyl-1,2,3-triazole-4-
carboxamides 1a-g absorb only 38.1–46.6% of DPPH radicals, whereas their difunctionalized derivatives 3a-r showed a 
much higher level of inhibition, reaching 50.9–97.6%. In addition, it was found that the nature of perfluoroalkyl groups also 
plays an important role, specifically that the lengthening of the fluorinated chain caused a decrease in antioxidant activity 
(See Table 1, Figs. 2,3). 

Table 1. Antioxidant activity 1,2,3-triazole-4-carboxamides 1a-g, 3a-r and 4a-e 
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Fig. 2. Structure-anti-radical activity relationships of 5-amino-N-(3-di(per)fluoroalkyl-2-iodo-n-propyl)-1,2,3-triazole-4-

carboxamides 3a-r. 
       

      Substituents in position 1 of the 1,2,3-triazole core do not show such a systematic dependence. For instance, a significant 
increase in antioxidant activity is observed for 5-amino-N-(3-difluoroalkyl-2-iodo-n-propyl)-1,2,3-triazole-4-carboxamides 
3a,c,g,n,r with substituents R = CH3, CH2C6H5, C6H5, 4-F-C6H4 and pyridin-4-yl (I = 56.2–97.6%). On the contrary, the 
introduction of substituents R = 4-CH3O-C6H4 and 1-methyl-1H-pyrazole-3-yl led to slightly lower rates of inhibition of 
DPPH radicals (52.4–54.1%, respectively). To study the effect of the 5-amino group on the antioxidant activity, a series of 
N-(3-di(per)fluoroalkyl-2-iodo-n-propyl)-1,2,3-triazole-4-carboxamides 4a-e was synthesized by the deamination reaction 
of compounds 3g,i,j,n,p under the action of tert-butyl nitrite in acetic acid (See Scheme 2). The study shows that the removal 
of the amino group in the position 5 of the triazole nucleus leads to some decrease in antioxidant activity (I = 49.1–59.0%) 
(See Table 1, Fig. 3). Although the decrease in activity is not substantial, the difference is worth noting, as it indicates that 
the 5-amino group plays a significant role in the effective inhibition of free radicals, which is evidence of its key importance 
for optimizing the antioxidant properties of the studied molecules. 

N
N

N
R H

O

N
H I

Rf

4a-e

t-BuONO
AcOH, rt, 12h

N
N

N
R NH2

O

N
H I

Rf

3g,i,j,n,p
4a-e: R = C6H5

, R
f
 = CF

2CH3
 (a), (CF2)3CF3

 (b), R = 4-CH3O-C6H4
, R

f
 = CF

2CH3
 (c), 

R = 4-F-C6H4
, R

f
 = CF

2CH3
 (d), (CF2)3CF3

 (e)  
Scheme 2. Synthesis of N-(3-di(per)fluoroalkyl-2-iodo-n-propyl)-1,2,3-triazole-4-carboxamides 4a-e 

 

 
Fig. 3. The inhibition of DPPH radicals by the 1,2,3-triazole derivatives 1a-g, 3a-r, 4a-e at 5 mM concentration. 

 
      Considering the recent study38 which allows for the possibility of several directions of antioxidant action of organic 
compounds, we studied possible options for inhibiting DPPH free radicals for the most active 5-amino-N-(3-
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di(per)fluoroalkyl-2-iodo-n-propyl)-1,2,3-triazole-4-carboxamides 3a,g,r (See Scheme 3). They include the mechanism of 
spin capture, which results in the formation of spin adduct A with DPPH (pathway a); sequential electron transfer (SET) 
(pathway b) and/or hydrogen atom transfer (HAT) (pathway c). 
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Scheme 3. Probable pathways of DPPH inhibition by compounds 3a,g,r 

 
2.2. Structure and reactivity analysis by the method of DFT-calculation  

     The structures of compounds with antioxidant activity 3a,g,r were optimized using Gaussian 09 software,39 and the 
results were visualized using GaussView 5.0.8. The geometry of all studied structures was optimized using the density 
functional B3LYP method. The relativistic effective core potential basis set of Lanl2dz was used on the iodine atom, and 
the 6-311++G(d,p) was used on the other atoms.40,41 

      The reactivity parameters of the 3a,g,r molecules, such as ionization potential (IP), electron affinity (EA), chemical 
hardness (η), global electrophilicity power (ω)42-44 and nucleophilic (Ν) power in scale that referred to tetracyanoethylene 
(TCE) taken as a reference because it presents the lowest HOMO energy in a large series of molecules already considered.45 

IP = − EHOMO 
EA = − ELUMO 
η = IP – EA 

μ = – 0,5(IP + EA) 
ω = μ2/2η 

N = IP(TCE) – IP(Nu) 
       
       According to the B3LYP/6-311++G(d,p)-based (the relativistic effective core potential basis set of Lanl2dz was used 
on iodine atom) DFT-simulation of molecular structures 3a,g,r in vacuum (See Fig. 4), the angle between the aryl 
substituent and the triazole fragment is about 40°, and the angle N4–N3–C29–C30 is; 41.6° (3g) and 33.9° (3r), 
correspondingly. 

    
 3a 3g  3r  

Fig. 4. DFT-optimized structure of the compounds 3a,g,r 
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     The energy of the frontier MOs depends on the electron donating power of the substituent in the triazole ring. Thus, the 
highest energy of the frontier MOs is found in compound 3a with a methyl group, and the lowest in the compound 3r with 
a pyridin group. The calculated values of HOMO, LUMO, and other electronic parameters are shown in Table 2. The 
calculated HOMO energy show that they increase in the order 3r < 3g = 3a, and compounds 3a and 3g is better electron 
donors. This is also proved by higher value of the nucleophilic (Ν) powers. 
 
Table 2. Calculated energy of the frontier MOs, electron affinity (EA), ionization potential (IP), chemical hardness (η), 
chemical potential (μ), global electrophilicity power (ω) and nucleophilic (Ν) powers. 

 3a 3g 3r 
LUMO, eV -1.23 -1.46 -1.99 
HOMO, eV -6.60 -6.60 -6.86 

EA, eV 1.23 1.46 1.99 
IP, eV 6.60 6.60 6.86 
η, eV 5.37 5.13 4.86 
μ, eV -3.91 -4.03 -4.43 
ω, eV 1.43 1.58 2.01 
N, eV 2.89 2.89 2.63 

 
       The molecular electrostatic surface potential (MESP) is an important factor for describing the active sites of ligands.46,47 
It was calculated for the molecules of compounds 3a,g,r using optimized structures with the B3LYP/6-311++G(d,p) basis 
(Lanl2dz was used on iodine atom) for studying nucleophilic and electrophilic surface spots. All compounds have a 
negatively charged spots (electrophilic center) located near the nitrogen atom at position 2,3 of the triazole cycle, carbonyl 
group and iodine atom (See Fig. 5). The most positively charged surface area is near both amino groups. 

      
 3a 3g  3r  

Fig. 5. Calculated MESP for the molecules of 3a,g,r 
 

      In our case DPPH is model radical, Scheme 3 summarizes possible reaction mechanisms that could take place between 
DPPH and the compound 3a. In a typical DPPH assay, conjugated compounds are therefore expected to quench DPPH free 
radicals via a spin trapping mechanism following pathway (a), giving rise to spin adduct A. But this process is unlikely due 
to significant steric interferences. That is why the formation of cationic radical B by the SET process seems more likely 
(Scheme 3, pathway b). The analysis of its spin density (s) shows that it is mainly focused on the carbon atom in the position 
4 triazole cycle (s(C2) = 0.2845) and on the iodine atom (s(I) = 0.325), and the total spin density from MESP (See Fig. 6b) 
indicates the location of the unpaired electron above the carbon atom in the position 4 triazole cycle. In addition, the 
electrostatic potential of cation-radical B (See Fig. 6a) indicates the presence of a positively charged site near the nitrogen 
atoms both amino groups and in position 1 of triazole ring. The biggest positive charge is on the ammino group of triazole 
ring which leads to the conclusion main structure of delocalization positive charge of cation radical shown in Scheme 2, 
pathway b. 

    
a)       b) 

Fig. 6. Calculated positive MESP (a) and total spin density from MESP (b) of cation radical B. 
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2.3. Docking studies 

      The molecular docking study was performed by the Autodoc Vina software48 using previously optimized structures and 
its R enantiomers. The crystal structure of NADPH oxidase which is associated with antioxidant mechanisms40,49 was 
downloaded from the Protein Data Bank (PDB ID: 2CDU), water molecules were removed, polar hydrogen atoms were 
added, and the Gasteiger charge was added. A center of the ligand docking cavity (2.4, 2.1, -1.0) was determined using 
BIOVIA Discovery Studio Visualizer v21.1 and the cavity dimension was 42; 24; 50. Binding was visualized using BIOVIA 
Discovery Studio Visualizer v21.1. 

      According to the molecular docking simulation, 9 positions were found with the corresponding ligand-protein affinity 
for every ligand. Docking of the corresponding R enantiomers was also carried out. Compounds 3g and 3r showed a higher 
binding energy in the active site of the protein, especially their R-stereoisomer (See Table 3).  

 
Table 3. Ligand-protein interaction of compounds 3a,g.r with NADPH oxidase (PDB ID: 2CDU). 

Parameter 1S 2S 3S 1R 2R 3R 
Best binding energy to 

protein, kcal/mol -7.4 -8.6 –8.4 -7.2 -8.8 -8.6 

Hydrogen bonds 

His10 
(2.61Å), 
Asp282 
(2.30Å), 
Lys134 
(2.30Å), 

Ser41 
(2.58Å), 

Asp282 
(2.23Å), - 

His10 
(2.61Å), 
Asp282 
(2.30Å),  
Lys134 
(2.38Å), 

 

Thr9 (2.16Å), 
Cys8 (2.66Å), 

Thr113 (2.46Å, 
2.64), 

 

His10 
(2.66Å), 
Asp282 
(2.30Å), 

Carbon hydrogen bond Gly281 Ala11, 
His10 

Ala11, 
His10   Ala11 

Hydrophobic interactions 
Ala11, 

Ala303, 
Phe245 

Ala303, 
Leu299, 
Tyr159 

Ala303, 
Leu299, 
Tyr159 

Leu299, 
Phe245 

Ala11, Val6, 
Met33, Ala303, 
Leu251, Tyr159 

Ala300, 
Ala303, 
Leu299, 
Tyr159 

π-anion interaction Asp282 Asp282 Asp282    
Halogen (Fluorine)   Phe425   Phe425 

Unfavorable Donor-Donor His10 Ala300 Ala300 - - - 
 
      The ligand-protein interactions for compounds 3a,g,r visualized in BIOVIA Discovery Studio Visualizer are shown in 
Fig. 7. All compounds in the active site were bound by both hydrogen bonds and nonpolar interactions. The best binding of 
all S isomers contained an unfavorable interaction between the two hydrogen donor groups, due to which they had slightly 
lower binding energies. 
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Fig. 7. 3D (left) and 2D (right) interactions of compounds 3a,g,r inside the active site of the protein. 
 
3. Conclusions  

      Performed experimental studies convincingly prove that 5-amino-N-(iodo(per)fluoroalkyl functionalized)-1H-1,2,3-
triazole-4-carboxamides are potential antioxidant agents characterized by the ability to inhibit free radicals in the conditions 
of the experiment with DPPH in the range of 50.9–97.6%. It was found that the substituents in position 1 of the 1,2,3-
triazole nucleus, fluoroalkyl groups and the amino group play an important role in determining the level of antioxidant 
activity of these compounds. A number of compounds with top antiradical activity were identified, which are of interest for 
advanced pharmacological studies and design of potential synthetic antioxidants. Their structure, reactivity, and MESP were 
analyzed by DFT calculations, while molecular docking was used to estimate their affinity for NADPH oxidase. 
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4. Experimental 
 
4.1. Materials and Methods 

1H-NMR spectra were acquired on a Varian Mercury 300 spectrometer (300 MHz) in CDCl3 solution with TMS as an 
internal standard. 13C, NMR spectra were acquired on a Varian Mercury 300 spectrometer (76 MHz) in CDCl3 solution (for 
compound 4b), Bruker AVANCE DRX 500 spectrometer (125 MHz) in CDCl3 solution (for compound 4c), and a Agilent 
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600MHz spectrometer (150 MHz) in CDCl3 solution (for compounds 4a,d,e) with TMS as an internal standard. 19F, NMR 
spectra were acquired on a Bruker AC200 spectrometer (188 MHz) in CDCl3 solution. Melting points were determined on 
a Kofler bench and are uncorrected. Mass spectra were recorded on an Agilent LC/MSD SL mass spectrometer; column: 
Zorbax SB-C18, 4.6 × 15 mm, 1.8 μm (PN 82 (c)75-932); DMSO solvent, atmospheric pressure electrospray ionization. 
Reagents and solvents were purchased from UkrOrgSyntez Ltd. IR spectra were recorded on a Vertex-70 spectrometer from 
KBr pellets. 
 
4.2. General procedure 

General procedure for the synthesis of compounds 4a-e. A solution of 5-amino-N-(3-di(per)fluoroalkyl-2-iodo-n-propyl)-
1,2,3-triazole-4-carboxamides 3a-r (1 mmol) in acetic acid (AcOH) (5 mL) was added dropwise over 15 min to a solution 
of t-BuONO (1.5 mmol) in AcOH (5 mL) at room temperature for 12 h. The solvent was evaporated, water was added (20 
mL) and the mixture was extracted with dichloromethane (DCM) (3 x 15 mL). The organic layers were collected, dried 
over anhydrous MgSO4 and filtered, the solvent was removed and the residue was purified by column chromatography on 
silica gel (with a 35:1 chloroform-methanol mixture as an eluent). 
 
4.3. Physical and Spectral Data 

4.3.1. N-(4,4-Difluoro-2-iodopentyl)-1-phenyl-1H-1,2,3-triazole-4-carboxamide (4a). White solid, mp 117-119°C; yield 
81%. 1H-NMR (302 MHz, CDCl3): δ 1.69 (t, 3H, J = 18.4 Hz, CF2CH3), 2.62-2.75 (m, 2H, CH2CF2), 3.73-3.82 (m, 1H, 
CH2NH), 3.96-4.04 (m, 1H, CH2NH), 4.44-4.52 (m, 1H, CH-I), 7.50-7.65 (m, 4H, Ar-H + NH), 7.74-7.76 (m, 2H, Ar-H), 
8.51 (m, 1H, 1Htriazole). 13C-NMR (151 MHz, CDCl3): δ CF2 signals are not assigned, 22.17, 23.88 (t, J = 27.2 Hz), 46.23 (t, 
J = 25.7 Hz), 47.30, 120.75, 123.68, 129.50, 129.97, 136.50, 143.33, 159.91. 19F-NMR (188 MHz, CDCl3): δ - 87.75 to - 
87.99 (m, 1F), - 89.77 to - 90.04 (m, 1F). IR (KBr, cm-1): 1662 (C=O), 3303-3373 (N-H). HRMS-ESI (m/z): [M+H]+ calcd 
for C14H16F2IN4O+, 421.0331; found 421.0332.  
 
4.3.2. N-(4,4,5,5,6,6,7,7,7-Nonafluoro-2-iodoheptyl)-1-phenyl-1H-1,2,3-triazole-4-carboxamide (4b). White solid, mp 165-
167°C; yield 90%. 1H-NMR (302 MHz, CDCl3): δ 2.81-2.99 (m, 2H, CH2CF2), 3.80-3.89 (m, 1H, CH2NH), 3.94-4.04 (m, 
1H, CH2NH), 4.49-4.59 (m, 1H, CH-I), 7.48-7.60 (m, 3H, Ar-H + NH), 7.71-7.77 (m, 3H, Ar-H), 8.54 (m, 1H, 1Htriazole). 
13C-NMR (76 MHz, CDCl3): δ CF3(CF2)3 signals are not assigned, 17.18, 39.01 (t, J = 21.3 Hz), 47.39, 120.86, 123.90, 
129.68, 130.10, 136.55, 143.20, 160.12. 19F-NMR (188 MHz, CDCl3): δ - 80.75 to - 80.84 (m, 3F), - 112.82 to - 113.51 (m, 
2F), - 124.11 to - 124.28 (m, 2F), - 125.61 to - 125.75 (m, 2F). IR (KBr, cm-1): 1659 (C=O), 3333 (N-H). HRMS-ESI (m/z): 
[M+H]+ calcd for C16H13F9IN4O+, 574.9985; found 574.9996.  
 
4.3.3. N-(4,4-Difluoro-2-iodopentyl)-1-(4-methoxyphenyl)-1H-1,2,3-triazole-4-carboxamide (4c). White solid, mp 145-
147°C; yield 93%. 1H-NMR (302 MHz, CDCl3): δ 1.68 (t, 3H, J = 18.1 Hz, CF2CH3), 2.62-2.75 (m, 2H, CH2CF2), 3.72-
3.81 (m, 1H, CH2NH), 3.88 (s, 3H, OCH3), 3.94-4.03 (m, 1H, CH2NH), 4.43-4.52 (m, 1H, CH-I), 7.04 (d, 2H, J = 9.1 Hz, 
Ar-H); 7.63-7.66 (m, 3H, Ar-H + NH), 8.42 (m, 1H, 1Htriazole). 13C-NMR (126 MHz, CDCl3): δ 21.66, 23.35 (t, J = 27.7 
Hz), 45.71 (t, J = 25.4 Hz), 46.83, 55.16, 114.47, 121.86, 122.58 (t, J = 241.3 Hz, CF3), 123.25, 129.36, 142.64, 159.53, 
159.85. 19F-NMR (188 MHz, CDCl3): δ - 86.48 to - 88.03 (m, 1F); - 89.57 to - 91.24 (m, 1F). IR (KBr, cm-1): 1662 (C=O), 
3293 (N-H). HRMS-ESI (m/z): [M+H]+ calcd for C15H18F2IN4O2

+, 451.0437; found 451.0440.  
 
4.3.4. N-(4,4-Difluoro-2-iodopentyl)-1-(4-fluorophenyl)-1H-1,2,3-triazole-4-carboxamide (4d). White solid, mp 133-
135°C; yield 85%. 1H-NMR (302 MHz, CDCl3): δ 1.69 (t, 3H, J = 19.6 Hz, CF2CH3), 2.62-2.75 (m, 2H, CH2CF2), 3.72-
3.82 (m, 1H, CH2NH), 3.95-4.04 (m, 1H, CH2NH), 4.44-4.52 (m, 1H, CH-I), 7.24-7.29 (m, 2H, Ar-H), 7.59-7.64 (m, 1H, 
NH),  7.71-7.76 (m, 2H, Ar-H), 8.47 (m, 1H, 1Htriazole). 13C-NMR (151 MHz, CDCl3): δ 22.14, 23.89 (t, J = 27.2 Hz), 46.24 
(t, J = 25.7 Hz), 47.29, 117.00 (d, J = 24.2 Hz), 122.81 (d, J = 9.1 Hz), 123.12 (t, J = 240.8 Hz, CF3), 123.89, 132.74 (d, J 
= 3.02 Hz), 143.42, 159.81, 162.84 (d, J = 250.7 Hz). 19F-NMR (188 MHz, CDCl3): δ - 86.50 to - 88.16 (m, 1F); - 89.82 to 
- 91.40 (m, 1F); - 110.67 (s, 1F). IR (KBr, cm-1): 1660 (C=O), 3309-3355 (N-H). HRMS-ESI (m/z): [M+H]+ calcd for 
C14H15F3IN4O+, 439.0237; found 439.0239.  
 
4.3.5. 1-(4-Fluorophenyl)-N-(4,4,5,5,6,6,7,7,7-nonafluoro-2-iodoheptyl)-1H-1,2,3-triazole-4-carboxamide (4e). White 
solid, mp 158-160°C; yield 87%. 1H-NMR (302 MHz, CDCl3): δ 2.83-2.97 (m, 2H, CH2CF2), 3.78-3.88 (m, 1H, CH2NH), 
3.94-4.03 (m, 1H, CH2NH), 4.48-4.57 (m, 1H, CH-I), 7.24-7.30 (m, 2H, Ar-H), 7.63-7.67 (m, 1H, NH), 7.71-7.76 (m, 2H, 
Ar-H), 8.48 (m, 1H, 1Htriazole). 13C-NMR (151 MHz, CDCl3): δ CF3(CF2)3 signals are not assigned, 17.03, 38.94 (t, J = 21.1 
Hz), 47.29, 117.03 (d, J = 24.2 Hz), 122.82 (d, J = 9.0 Hz), 123.97, 132.70 (d, J = 3.0 Hz), 143.23, 159.89, 162.89 (d, J = 
250.7 Hz). 19F-NMR (188 MHz, CDCl3): δ - 80.86 to – 80.97 (m, 3F); - 110.54 (s, 1F); - 112.89 to -113.69 (m, 2F); - 124.21 
to -124.44 (m, 2F); - 125.69 to -125.93 (m, 2F). IR (KBr, cm-1): 1656 (C=O), 3339 (N-H). HRMS-ESI (m/z): [M+H]+ calcd 
for C16H12F10IN4O+, 592.9890; found 592.9893.  
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4.4. Antioxidant activity (DPPH assay) 

Antioxidant activity of the synthesized compounds was assessed using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 
inhibition assay.50 1 ml of DPPH solution (8 mg/100 ml) was added to solutions of the tested compounds and ascorbic acid 
in methanol as a standard and left at room temperature in a dark place for 1 hour. The amount of absorption of radicals was 
determined at 517 nm relative to the standard on a UV-1800 spectrophotometer (Shimadzu, Japan). Each sample was 
analyzed in triplicate. The percentage of inhibition was calculated relative to the blank sample: 

І% =
(𝐴𝐴blank − (𝐴𝐴sample+DPPH − 𝐴𝐴sample)

𝐴𝐴blank
 ∙  100% 

 
where Ablank is the absorbance of the control reaction (includes all reagents except the test compounds); Asample+DPPH is the 
absorbance of the test compounds after 60 min incubation with DPPH solution;  
Asample is the absorbance of the test compounds without DPPH solution. 
 
For details, please see Supporting Information available. 
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