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Abstract: In the present investigation, new hydrazinecarbothioamides 4-6 were synthesized
by reaction of 4-(4-X-phenylsulfonyl)benzoic acids hydrazides (X= H, Cl, Br) 1-3 with
2,4-difluorophenyl isothiocyanate and further these were treated with sodium hydroxide to
obtain 1,2,4-triazole-3-thione derivatives 7-9. The reaction of 7-9 with a-halogenated ketones,
in basic media, afforded new S-alkylated derivatives 10—15. The structures of the synthesized
compounds have been established on the basis of 1H—NMR, BC—NMR, IR, mass spectral
studies and elemental analysis. The antioxidant activity of all compounds has been
screened. Hydrazinecarbothioamides 4—6 showed excellent antioxidant activity and
1,2,4-triazole-3-thiones 7-9 showed good antioxidant activity using the DPPH method.
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1. Introduction

Oxidation processes are intrinsic to the energy management of all living organisms and are
therefore kept under strict control by several cellular mechanisms [1].

Free radicals are molecules, ions or atoms with unpaired electrons in their outermost shell of
electrons [2]. These species, which are constantly formed in human body, can become toxic when
generated in excess or in the presence of a deficiency in the naturally occurring antioxidant defenses.
High levels of free radicals can cause damage to biomolecules such as lipids, proteins, enzymes and
DNA in cells and tissues. This may result in many diseases such as: cancer, diabetes, cardiovascular
and autoimmune diseases, and neurodegenerative disorders, aging, and other diseases through the
violent reactivity of the free radicals [3-5].

Antioxidants are important compounds that reduce or neutralize the free radicals, thus protecting
the cells from oxidative injury [6]. Therefore, considerable research has been directed towards the
identification of new antioxidants to prevent radical-induced damage.

Over the years triazoles have become an important class of heterocyclic compounds in organic synthesis
due to their various biological properties. It is well known that 1,2,4-triazole derivatives have therapeutic
applications. Thus, there are various drugs incorporating in their structure the 1,2,4-triazole ring used as
antifungal [7-9], antiviral [10] agents, aromatase inhibitors [11], efc. Among the 1,2,4-triazole derivatives,
the mercapto- and the thione-substituted 1,2,4-triazole ring systems have been studied and so far a
variety of biological properties have been reported for a large number of these compounds including
antioxidant [12—14], antibacterial, antifungal [12,15-18], anticancer [17,19], hypolipidemic [20],
anti-inflammatory [21] activity. Moreover, various S-alkylated 1,2,4-triazole-3-thiones showed
antibacterial [22], antifungal [18,22], anti-inflammatory [23], and hypolipidemic [20] activities.

It has been reported that structural properties of triazoles, like moderate dipole character, hydrogen
bonding capability, rigidity and stability under in vivo conditions are the main reasons for their
superior pharmacological activities [24].

Many synthetic procedures exist for the synthesis of substituted 1,2,4-triazole-3-thiones. However,
the development of simple, facile and efficient methodologies to get five-membered heterocycles is
one of the major aspects in organic synthesis. Hydrazinecarbothioamides are valuable intermediates
in a variety of synthetic transformations and useful as building blocks in the synthesis of biologically
active heterocycles including synthesis of 1,2,4-triazole-thiones. In addition, hydrazinecarbothioamides
derivatives exhibit various biological properties such as antioxidant [13,14,25,26], antibacterial [27],
and antimycobacterial [28].

Moreover, sulfone derivatives provide examples of an important class of bioactive compounds with
biological activities including antibacterial, and anti-HIV-1 [29,30].
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On the other hand, incorporation of one or several fluorine atoms into an organic molecule
can enhance their biological potency, bioavailability, metabolic stability and lipophilicity. Enhanced
lipophilicity may lead to easier absorption and transportation of molecules within biological systems [31].

Considering these published data and as a sequel to our research on the design and synthesis of
biologically active new heterocycles from the triazole class [32—-35], it was thought worthwhile to
synthesize the novel title compounds and to evaluate them for their antioxidant activity.

In this study, we present the design, synthesis, characterization and evaluation of the antioxidant
activity of the new hydrazinecarbothioamides, 1,2,4-triazole-3-thiones and some S-alkylated 1,2,4-triazole
derivatives incorporating in their molecule diarylsulfone and 2,4-difluorophenyl moieties.

2. Results and Discussion
2.1. Chemistry

The reaction sequences employed for synthesis of title compounds are showed in Scheme 1. In the
present work, 2-(4-(4-X-phenylsulfonyl)benzoyl)-N-(2,4-difluorophenyl)hydrazinecarbo-thioamides 4—6
were synthesized by reaction of 4-(4-X-phenylsulfonyl)benzoic acid hydrazides 1-3 (X = H, Cl, Br)
with 2,4-difluorophenyl isothiocyanate, in absolute ethanol, at reflux. The 4-(4-X-phenylsulfonyl)benzoic
acid hydrazides precursors 1-3 were prepared starting from Friedel-Crafts reaction of benzene or
halobenzene with p-tosyl chloride, according to a previously reported method [36,37]. The
hydrazinecarbothioamides 4-6 were refluxed in 8% sodium hydroxide solution to obtain
5-(4-(4-X-phenylsulfonyl)phenyl)-4-(2,4-difluorophenyl)-2H-1,2,4-triazole-3(4H)-thiones  7-9 in
equilibrium with thiole tautomer. The treatment of 1,2,4-triazoles 7-9 with o-halogenated ketones
(2-bromoacetophenone or 2-bromo-4'-fluoroacetophenone), in basic media, produced the new S-alkylated
1,2,4-triazoles namely (2-(5-(4-(4-X-phenylsulfonyl)phenyl)-4-(2,4-difluorophenyl)-4H-1,2,4-triazol-3-
yithio)-1-(phenyl/4-fluorophenyl)ethanones 10—15 and not N-alkylated derivatives.

The structures of all synthesized compounds 4-15 were proven by '"H-NMR, *C-NMR, MS spectra
and elemental analysis.

The IR spectra of hydrazinecarbothioamide derivatives 4-6 exhibit a new absorption band at
12431258 cm ' corresponding to C=S stretching vibration which confirms the nucleophilic addition
reaction of 4-(4-X-phenylsulfonyl)benzoic acid hydrazides 1-3 to 2,4-difluorophenyl isothiocyanate.
Also, in the IR spectra of these compounds 4—6 was presented as a strong characteristic absorption
band for carbonyl group at 1663—1682 cm . The stretching bands corresponding to NH groups were
observed in range 3150-3319 c¢cm . In the IR spectra of compounds 7-9 no absorption band was
detected about 1663—1682 cm ' indicating the absence of C=O group of hydrazinecarbothioamides 4—6
which is evidence for the conversion of these compounds to 1,2,4-triazoles. Compounds 7-9 can exist in
two tautomeric forms, 5-(4-(4-X-phenylsulfonyl)phenyl)-4-(2,4-difluorophenyl)-4H-1,2,4-triazole-3-thioles
and 5-(4-(4-X-phenylsulfonyl)phenyl)-4-(2,4-difluorophenyl)-2H-1,2,4-triazole-3(4H)-thiones 7-9. The
spectral analysis (IR, '"H-NMR, "*C-NMR) shows that these compounds exist in the latter tautomeric
form. Thus, in the IR spectra, the vS-H vibration band (~2500-2600 cm ') was absent and the
vC=S vibration band was observed in region 1247-1255 cm™'. Also, the presence of the VNH absorption
band in 3278-3414 cm ' region is an additional proof for the thione tautomeric form [13,38,39]. The
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structure of compounds 10-12 and 13—-15 obtained by alkylation of triazoles 7-9 with a-halogenated
ketones was confirmed by the presence in their IR spectra of a new strong stretching band in a
1678-1703 cm™' region characteristic to C=0O group. Also, new bands appeared in 2920-2965 cm '
region due to the presence of methylene group (vVCH;). The disappearance of C=S stretching band in
IR spectra supported the S-alkylation leading to the formation of compounds 10-15.

Scheme 1. Synthetic route of the title compounds.
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Reaction of hydrazides 1-3 with 2,4-difluorophenyl isothiocyanate has been proven in 'H-NMR
spectra of compounds 4—6 by the presence of three singlet signals at ~9.62, ~10.04 and ~10.90 ppm
assigned to protons from three NH groups. Intramolecular cyclization of hydrazinecarbothioamides was
confirmed in 'H-NMR spectra of compounds 7-9 by presence of a unique singlet at 14.42—14.48 ppm
which can be attributed of NH proton from 1,2,4-triazol-3-thione nucleus [38]. The 'H-NMR spectra of
all alkylated triazoles 10—15 displayed a singlet signal at 6 = 4.99 (for 13—15) and 5.02 ppm (10-12)
assignable to S-CH, protons. The absence of the signal due to NH in 'H-NMR spectra of compounds
10-15 and the presence of a new singlet for S-CH, confirmed that 1,2,4-triazole-3-thiones 7-9 were
converted into alkylated derivatives (10—15) in the reaction with a-halogenated ketones.

The "C-NMR spectra of hydrazinecarbothioamides 4-6 showed two important signals characteristic
of carbon atoms from C=0O and C=S groups at o 164.71-164.75 and 182.47 ppm, respectively [40].
In ®C-NMR of compounds 7-9 the C-3 and C-5 heterocyclic carbon from triazole nucleus resonated at
169.52-169.54 and 149.01-149.03 ppm, respectively. The signal of the C-3 quaternary carbon atom at
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~169 ppm is characteristic of C=S group [12,13,41-43] which indicates the presence of the thione
tautomeric form in solution. The most significant proof of the alkylation of triazoles 7-9 with
2-bromoacetophenone or 2-bromo-4'-fluoroacetophenone was the presence in “"C-NMR spectra of
compounds 10-12 and 13-15 of two new signals at 191.42-192.73 and 40.33-40.46 ppm
corresponding to C=0 and S-CH,; carbon atoms from a phenacyl/4-fluorophenacyl group. In addition,
the formation of S-alkylated and not of N-alkylated products was confirmed by the absence of a C=S
characteristic peak at ~169 ppm in >*C-NMR spectra of 10-15. The C-3 and C-5 heterocyclic carbons
from these alkylated compounds resonate at 153.09—153.16 ppm (more shielded than the C-3
heterocyclic carbon from 1,2,4-triazoles 7-9) and 153.01-153.09 ppm, respectively [12,43,44].

Moreover, the signals present in the NMR spectra corresponding to aromatic protons and carbons
from 2,4-difluorophenyl-, 4-fluorophenyl- and 5-(4-(4-X-phenylsulfonyl)phenyl)-fragments prove the
structure of the synthesized compounds. Further confirmations of the structure of the compounds were
carried out by mass spectrometry and microanalysis (see experimental part).

2.2. Antioxidant Activity

The free radical scavenging activity of all compounds 4—15 was carried out in the presence of the stable
free radical (1,1-diphenyl-2-picrylhydrazyl) DPPH using ascorbic acid (AA), fert-butyl-4-hydroxyanisole
(BHA) and 2,6-bis(1,1-dimethylethyl)-4-methylphenol (BHT) antioxidant agents as positive control.

Although a number of methods are available for determination of the antioxidant activity, the DPPH
method is very common, rapid and has been shown to be one of the most appropriate methods [12,45].

The DPPH solution has a deep purple color, with a strong absoption at 517 nm, and turns to yellow
in the presence of antioxidants, which neutralizes the free radicals by pairing the DPPH odd electron
with a hydrogen atom or by electron donation. Reduction of DPPH absorption at 517 nm represents the
capacity of antioxidants to scavenge free radical [46].

The inhibitory effects of different concentrations of synthesized compounds on DPPH radical are
presented in Tables 1 and 2. The antioxidant activity is expressed in terms of % inhibition and ICs
(effective concentration for scavenging 50% of the initial DPPH) value (uM).

Based on the experimental results, among all the compounds synthesized, hydrazinecarbothioamides
4-6 showed higher scavenging activity towards DPPH. These compounds have shown a strong
inhibitory effect on DPPH radical at 250 uM concentration and inhibition rates were: 97.18% + 1.42%
(for 4), 96.90% =+ 1.39% (for 5), 97.11% =+ 1.12% (for 6) better than the positive control AA
(91.26% + 0.49%) and BHA (89.30% =+ 1.37%) and much stronger than BHT (23.05% + 1.32%). These
compounds 4—6 inhibited the DPPH activity with an ICsy = 39.39 uM (4), 39.79 uM (5) and 42.32 uM
(6) which is better than the specific inhibitor BHA (ICso = 51.62 uM) and AA (ICsp = 107.67 uM) and
much stronger than BHT (423.37 uM).

The 1,2,4-triazole-3-thiones 7-9 obtained by cyclization of hydrazinecarbothioamides showed (at
the same concentration, 250 uM) a good antioxidant activity (7: 67.70% + 1.68%, 8: 72.45% + 1.42%,
9: 58.52% =+ 1.55%) but lower than AA (91.26% + 0.49%) and BHA (89.30% + 1.37%). However,
triazoles had higher antioxidant activity than BHT. As deduced from the ICsy data, the triazole with
the lowest anti-radical capacity were found to be derivative 9 (with 182.60 uM) followed by 7 (147.79 uM)
and 8 was found to be slightly more active (133.80 uM) than its counterparts 7 and 9 (Table 1).
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The S-alkylated 1,2,4-triazoles 10-15 showed weak inhibitory effect at 250 pM concentration, in
the range of 7.73%—15.04% (Table 2). However, the presence of the third fluorine atom on phenyl
radical linked to ketone groups determines a slight increase of antioxidant activity of compounds 13—15
compared with 10-12. Because these compounds presented a weaker action even than BHT, 1Csy was

not calculated.

Table 1. Antioxidant activity of compounds 4-9 by DPPH method.

Compd. Scavenging Effect (%) ICs5y (uM)
- 25 uM 50 pM 75 pM 100 pM 125 pM 250 pM -
4 3054+ 132 6437+135 7486+140 8539+145 9599+1.50 97.18+1.42 39.39
5 3039+ 1.18 63.58+1.62 74.12+1.34 84.69+1.83 9536+1.87 96.90+1.39 39.79
6 29.14+£1.53 59.28+1.23 71.23+£1.32 8323+£142 9535+1.18 97.11+1.12 42.32
7 15.88+1.03 24.74+1.32 3330+1.67 3793+149 46.14+£145 67.70+£1.68 147.79
8 1556 +£0.95 2436+1.19 32.18+148 40.58+141 4838+1.54 72.45+1.42 133.80
9 13.96£0.97 2299+1.05 31.74+1.56 38.63+1.59 43.03+1.63  58.52+1.55 182.60
AA 0.70 £ 1.00 1.08£0.84 17.48+1.03 3491+0.69 84.12+048 91.26+0.49 107.67
BHA  2327+139 4899+142 64.77+132 73.89+1.59 81.74+145 89.30+1.37 51.62
BHT - - - - - 23.05+1.32 423.37

Table 2. Antioxidant activity of compounds 10-15 by DPPH method.

Compd. Concentration (nM) Scavenging Effect (%)
10 250 12.67 £ 0.82
11 250 8.24 +1.20
12 250 7.73 £0.96
13 250 13.23 £0.48
14 250 15.04 £0.43
15 250 12.73 £0.50
AA 250 91.26 £0.49
BHA 250 89.30 £ 1.37
BHT 250 23.05+1.32

The higher antioxidant activity of hydrazinecarbothioamides 4—6 can be explained by the existence
of the thiourea fragment [13] that determines stabilization of free radicals of nitrogen atoms (occurring
due to the elimination of hydrogen atoms linked to these) by double conjugation, mainly with the
thione group. The conjugation between free radicals of the nitrogen atom and 7 electrons of the
aromatic ring represents an additional factor for increasing the stability of the radical structure. The
probable mechanism for the reaction of compounds 4—-6 with DPPH radical is presented in Scheme 2.
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Scheme 2. The probable mechanism for the reaction of compounds 4—-6 with DPPH radical
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Heterocyclization to 1,2,4-triazole-3-thiones creates only the possibility to conjugate free radicals
on the nitrogen atom N-2 with the thione group, which would explain the lower stability of this radical,
probably responsible for a weaker antioxidant activity (Scheme 3).

Scheme 3. The probable mechanism for the reaction of compounds 7-9 with DPPH radical
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S-alkylation decreases almost entirely the possibilities of conjugation with thione group, causing the
least stable radical structure and the weakest antioxidant activity, according to this interpretation.

The compounds tested displayed a considerable lipophilic character, with estimated mean logP
values of 4.65 = 0.71 (ADMET Predictor, Simulation Plus Inc., Lancaster, CA, USA). Based on the
preliminary evaluation of biorelevant molecular descriptors and physico-chemical properties, it appears
that the evaluated compounds are typical, low solubility—high permeability entities. Therefore, their
bioavailability will dependent on the nature of the administration pathways. For oral route, the
solubility in the hydrophilic gastro-intestinal fluids is probably the limiting step for absorption. The
in-vivo distribution process may include binding and accumulation phenomenon in various organs,
likely to be of interest for the antioxidant activity. Moreover, the high lipophilicity can limit the
distribution to deeper skin layers or the systemic exposure, which is a considerable advantage for the
safety profile. None of the compounds seems to present a high risk of low bioavailability, based on
current mnemotic rules [47].

The lipophilicity, as estimate by logP values, was not directly correlated with the antioxidant
activity (Supplementary data). Nevertheless, a rank order relationship seems apparent. The compounds
showing higher scavenging activity towards DPPH (4-6) presented the lowest lipophilicity (except for
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triazole 7 which has lower antioxidant activity than hydrazinecarbothioamides 5 and 6 although it has
lower lipophilicity than these derivatives).

3. Experimental
3.1. Chemistry

All reactants and solvents were obtained commercially with the highest purity and were used
without further purification. Melting points were determined on a Boetius apparatus and are
uncorrected. The IR spectra were recorded in KBr using a Vertex 70 Bruker spectrometer. Elemental
analyses were performed on a ECS-40-10-Costeh micro-dosimeter (and are within +0.4% of the
theoretical values). The NMR spectra were recorded on a Varian Gemini 300 BB instrument operating at
300 MHz for a 'H and 75 MHz for °C. Chemical shifts (5, ppm) were assigned according to the internal
standard signal of tetramethylsilane in DMSO-ds (6 = 0 ppm). Coupling constants, J, are expressed in
hertz (Hz). Mass spectra were recorded on 1200 L/MS/MS triple quadrupole (Varian, Palo Alto, CA,
USA) spectrometer. In case of compounds 4-9, solutions of 2 pg/mL in methanol/ammonia (1/1, v/v)
were directly injected into the electrospray interface (ESI), after a tenth dilution with methanol, at a
flow rate of 20 pL/min. The instrument was operated in positive and negative ions mode. In case of
compounds 10-15, methanolic solutions of 0.1 pg/mL (with 0.1% ammonia) were directly infused into
APCI (Atmospheric Pressure Chemical Ionization) source with a Prostar 240 SDM Pump (Varian).
Parameters for APCI operation were set up as follows: air drying gas at 300 °C and 20 psi, nitrogen as
nebulising gas at 40 psi, air as auxiliary gas at 20 psi, APCI torch at 300 °C, and corona discharge
needle current at 10 pA. APCI generated only positive ions. Protonated molecular ions were fragmented
by collision with argon at 1.5 mTorr.

3.1.1. General Procedure for the Preparation of 2-(4-(4-X-Phenylsulfonyl)benzoyl)-N-(2,4-
difluorophenyl)hydrazinecarbothioamides 4—6

Appropriate acid hydrazide 1-3 (5 mmol) in absolute ethanol (25 mL) and 2,4-difluorophenyl
isothiocyanate (5 mmol) was heated under reflux for 10 h. The precipitate formed was cooled, filtered,
washed with cold ethanol, dried and recrystallized from ethanol.

N-(2,4-Difluorophenyl)-2-(4-(phenylsulfonyl)benzoyl)hydrazinecarbothioamide 4. Yield: 92.0%;
m.p. 176-178 °C; IR (KBr, v, cm '): 3267, 3169, 3150 (NH), 3067, 3001 (aromatic C-H), 1663 (C=0),
1539, 1510, 1483 (C=C), 1320, 1309, 1155 (SO,), 1258 (C=S), 1144 (C-F); '"H-NMR (DMSO-d,
o ppm): 10.89 (s, 1H; NH); 10.03 (s, 1H, NH); 9.61 (s, 1H, NH); 8.13 (d, 2H, J = 8.8 Hz, aromatic
protons); 8.09 (d, 2H, J = 8.8 Hz; aromatic protons); 7.99 (dd, 2H, J = 7.4, 1.4 Hz, aromatic protons);
7.70 (tt, 1H, J = 7.4, 1.4 Hz, aromatic proton); 7.63 (t, 2H, J = 7.4 Hz, aromatic protons); 7.29 (m, 2H,
aromatic protons); 7.07 (wt, 1H, J = 8.4 Hz, aromatic proton); "C-NMR (DMSO-ds, & ppm): 182.47
(C=S), 164.75 (C=0), 160.57 (dd, Jcr = 245.1; 11.2 Hz), 158.55 (dd, Jc.r = 248.5; 13.7 Hz), 143.84,
140.64, 137.01, 134.12, 131.87 (d, Jor = 9.5 Hz), 129.95, 129.40, 127.57, 127.40, 123.81 (d,
Jor = 12.9 Hz), 111.07 (d, Jer = 22.6 Hz), 104.28 (t, Je.r = 25.5 Hz); (ESI-MS) m/z: 448 [M + H]",
319 (38) [CsHsSO,CsH,CONHNHCS], 277 (100, BP) [CsHsSO,CsH4,CONHNH, + H]", 245 (19)
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[C¢H5S0,C¢H4CO]"; (ESI-MS) m/z: 446 [M — H] , 426 (2) [M — H-HF] , 412 (11) [M — H-H,S], 275
(100, BP) [CsHsSO,CcH4CONHNH] ; Anal. caled for CyoH;sF2N303S, (447.48 g/mol): C, 53.68; H,
3.38; N, 9.39. Found: C, 53.61; H, 3.30; N, 9.28%.

2-(4-(4-Chlorophenylsulfonyl)benzoyl)-N-(2,4-difluorophenyl)hydrazinecarbothioamide 5. Yield:
90%; m.p. 170-172 °C; IR (KBr, v, cm '): 3290, 3160 (NH), 3090, 3010 (aromatic C-H), 1680 (C=0),
1531, 1478 (C=C), 1319, 1294, 1156 (SO,), 1243 (C=S), 1145 (C-F), 761 (C-Cl); 'H-NMR
(DMSO-ds, 6 ppm): 10.90 (s, 1H, NH); 10.03 (s, 1H, NH); 9.61 (s, 1H, NH); 8.12 (d, 2H,
J = 8.9 Hz, aromatic protons); 8.09 (d, 2H, J = 8.9 Hz, aromatic protons); 8.01 (d, 2H, J = 8.5 Hz,
aromatic protons); 7.71 (d, 2H, J = 8.5 Hz, aromatic protons); 7.07 (wt, 1H, J = 8.4 Hz, aromatic
protons); 7.29 (m, 2H, aromatic protons); BC-NMR (DMSO-ds, & ppm): 182.47 (C=S), 164.71 (C=0),
160.65 (dd, Jcr = 246.0; 11.3 Hz), 157.80 (dd, Jcr = 245.0; 13.7 Hz), 143.36, 139.45, 138.98, 137.20,
131.82 (d, Jer = 9.7 Hz), 130.11, 129.58, 129.47, 127.54, 123.72 (d, Jcr = 19.9 Hz), 111.08 (d,
Jor = 21.8 Hz), 104.28 (t, Jer = 25.5 Hz); (ESI-MS) m/z: 482 [M + HJ", 484 [M + H]", 353 (31)
[*°C1CsH4S0,C¢H,CONHNHCS]", 355 (58) [*'CIC¢H4SO,CsH4CONHNHCS]", 311 (100, BP)
[*°C1CsH4S0,C¢H,CONHNH, + HJ", 313 (100, BP) [*'CIC¢H4SO,CsH,CONHNH, + H]", 279 (5)
[>CICsH4S0,CeH4COT", 281 (24) [P'CICeH4SO.CsH4COT"; (ESI-MS) m/z: 480 [M — HJ ", 482 [M — HJ,
446 (9) [*>CIM-H-H,S] ", 448 (9) [*"CIM-H-H,S], 309 (100, BP) [*>CICsH4SO.CsH,CONHNH], 311
(100, BP) [*'CIC¢H4SO,C¢H,CONHNH]; Anal. caled for CyoH4CIFoN303S, (481.92 g/mol): C,
49.84; H, 2.93; N, 8.72. Found: C, 49.75; H, 2.87; N, 8.60%.

2-(4-(4-Bromophenylsulfonyl)benzoyl)-N-(2,4-difluorophenyl)hydrazinecarbothioamide 6. Yield:
88%; m.p. 175-177 °C; IR (KBr, v, cm_l): 3319, 3280 (NH), 3088, 3044, 3010 (aromatic C-H), 1682
(C=0), 1573, 1536, 1481 (C=C), 1321, 1293, 1157 (SO,), 1245 (C=S), 1144 (C-F), 576 (C-Br); '"H-NMR
(DMSO-ds, & ppm): 10.90 (s, 1H, NH); 10.04 (s, 1H, NH); 9.62 (s, 1H, NH); 8.11 (d, 2H,
J = 8.5 Hz, aromatic protons); 8.10 (d, 2H, J = 8.5 Hz, aromatic protons); 7.92 (d, 2H, J = 8.7 Hz;
aromatic protons); 7.85 (d, 2H, J = 8.7 Hz, aromatic protons); 7.29 (m, 2H, aromatic protons); 7.07
(wt, 1H, J = 8.8 Hz, aromatic proton); “C-NMR (DMSO-ds, & ppm): 182.47 (C=S), 164.71 (C=0),
160.65 (dd, Jcr = 243.0; 11.2 Hz), 157.40 (dd, Jcr = 243.0; 13.2 Hz), 143.33, 139.86, 137.20, 133.05,
131.93 (d, Jcr = 9.6 Hz), 129.60, 129.46, 128.46, 127.54, 123.70, 111.08 (d, Jcr = 20.9 Hz), 104.28 (t,
Jor = 25.2 Hz); (ESI-MS) m/z: 526 [M + HJ", 528 [M + HJ", 397 (40) [”BrCsH4S0,CsH4CONHNHCS]",
399 (33) [*'BrCeH4S0.CsH,CONHNHCS]', 355 (100, BP) [BrCsHsSO,CsH,CONHNH, + H]', 357
(100, BP) [¥BrC¢HsSO,CcHsCONHNH, + HJ", 323 (1) [PBrC¢HsSO,CeH4COJ', 325 (32)
[*'BrC¢H4S0,CsH4COT", 172 (5) [2,4-diFC¢H;NHCS], 130 (6) [2,4-diFC¢H;NH, + H]'; (ESI-MS) m/z:
524 [M — H], 526 [M — H] , 504 (3) [M — H-HFT, 506 (4) [M — H-HF] , 490 (7) [M — H-H,S] , 492 (11)
[M — H-H,S] ", 353 (100, BP) [’BrCeH4SO,CsHsCONHNH] , 355 (100, BP) [*'BrCsH4S0,CsHsCONHNH] ;
Anal. calcd for CyoH;4BrF,N303S, (526.37 g/mol): C, 45.64; H, 2.68; N, 7.98. Found: C, 45.58; H, 2.60;
N, 7.88%.



Int. J. Mol. Sci. 2014, 15 10917

3.1.2. General Procedure for the Preparation of 5-(4-(4-X-Phenylsulfonyl)phenyl)-4-(2,4-
difluorophenyl)-2H-1,2 4-triazole-3(4H)-thiones 7-9

The corresponding hydrazinecarbothioamide 4-6 (3 mmol) was refluxed in aqueous sodium
hydroxide solution (8%, 45 mL) for 5 h. The filtrate obtained by filtration of reaction mixture was
cooled and acidified to pH~5 with hydrochloric acid (1%). The precipitated obtained was filtered,
washed with water, dried and recristallized from CHCls/petroleum ether (1:2, v/v).

4-(2,4-Difluorophenyl)-5-(4-(phenylsulfonyl)phenyl)-2H-1,2,4-triazole-3(4H)-thione 7 Yield: 71%;
m.p. 256-258 °C; IR (KBr, v, cm_l): 3414 (NH), 3065, 3015 (aromatic C-H), 1614, 1580, 1518, 1474
(C=N + C=C), 1338, 1290, 1160 (SO,), 1247 (C=S), 1143 (C-F); '"H-NMR (DMSO-ds, & ppm): 14.48
(s, 1H, NH); 8.00 (d, 2H, J = 8.6 Hz, aromatic protons); 7.95 (dd, 2H, J = 7.7, 1.5 Hz, aromatic
protons); 7.73 (td, 1H, J= 8.7, 6.1 Hz, aromatic proton); 7.70 (t, 1H, J= 7.7, 1.5 Hz, aromatic proton);
7.61 (t, 2H, J = 7.7 Hz, aromatic protons); 7.58 (d, 2H, J = 8.6 Hz, aromatic protons); 7.54 (ddd, 1H,
J =10.2, 8.9, 2.7 Hz, aromatic protons); 7.31 (dddd, 1H, J = 9.8, 6.1, 2.7, 1.5 Hz, aromatic proton);
BC-NMR (DMSO-ds, & ppm): 169.52 (C3-triazolic ring), 162.96 (dd, Jor = 251.4; 11.4 Hz), 157.72
(dd, Jep = 252.8; 13.5 Hz), 149.03 (C5-triazolic ring), 142.85, 140.24, 134.17, 132.75 (d, Jcr = 10.6,
Hz), 129.93, 129.86, 128.80, 128.03, 127.62, 118.39 (d, Jcr = 12.7 Hz), 112.99 (d, Jc.r = 22.9 Hz),
105.68 (t, Jer = 23.8 Hz); (ESI-MS) m/z: 430 [M + H]"; 356 (8) [M + H-SCNNH,]"; 289 (100, BP)
[M + H-C¢HsSO,]"; 172 (10.9) [FoC¢H3NCS + H]'; 153 (62) [FCsH4NCS]™; (ESI-MS) m/z: 428
[M — H]J ; 408 (15.4) [M — H-HF] ; 388 (15.4) [M — H-2HF] ; 267 (7,3) [M — H-HF-C¢HsSO;] ; 141
(100, BP) [Cs¢HsSO3] ; Anal. caled for CyH;3F2N30,S, (429.46 g/mol): C, 55.93; H, 3.05; N, 9.78.
Found: C, 55.83; H, 2.98; N, 9.65%.

5-(4-(4-Chlorophenylsulfonyl)phenyl)-4-(2,4-difluorophenyl)-2H-1,2,4-triazole-3(4H)-thione 8 Yield:
73%; m.p. 245-247 °C; IR (KBr, v, cm '): 3278 (NH), 3091, 3053 (aromatic C-H), 1614, 1580, 1518,
1468 (C=N + C=C), 1338, 1276, 1159 (SO,), 1248 (C=S), 1144 (C-F), 768 (C-Cl); 'H-NMR (DMSO-d,
0 ppm): 14.42 (s, 1H, NH); 8.01 (d, 2H, J = 8.5 Hz, aromatic protons); 7.96 (d, 2H, J = 8.8 Hz,
aromatic proton); 7.73 (td, 1H, J = 8.8, 6.0 Hz, aromatic proton); 7.68 (d, 2H, J = 8.8 Hz, aromatic
protons); 7.59 (d, 2H, J = 8.5 Hz, aromatic protons); 7.53 (ddd, 1H, J = 10.2, 9.1, 2.7 Hz, aromatic
protons); 7.31 (dddd, 1H, J = 9.8, 6.4, 2.7, 1.5 Hz, aromatic proton); BC-NMR (DMSO-dq,
O ppm): 169.54 (C3-triazolic ring), 162.98 (dd, J = 250.8; 11.7 Hz), 149.01 (C5-triazolic ring),
157.27 (dd, Jcr = 253.1, 13.1 Hz), 142.39, 139.36, 139.04, 132.77 (d, Jcr = 10.5 Hz), 130.78, 130.11,
129.63, 128.86, 128.13, 118.40 (d, Jcr = 12.6 Hz), 113.01 (d, Jc.r = 22.6 Hz), 105.70 (t, Jc.r = 23.5 Hz);
(ESI-MS) m/z: 464 [M + H]"; m/z: 466 [M + H]"; 289 (100, BP) [M + H-CIC4H4S0:]"; (ESI-MS) m/z:
462 [M — H] ; m/z: 464 [M — H] ; Anal. calcd for Cy)H;>CIF,N30,S; (463.91 g/mol): C, 51.78; H,
2.61; N, 9.06. Found: C, 51.89; H, 2.47; N, 8.96%.

5-(4-(4-Bromophenylsulfonyl)phenyl)-4-(2,4-difluorophenyl)-2H-1,2,4-triazole-3(4H)-thione 9 Yield:
81%; m.p. 264-266 °C; IR (KBr, v, cm '): 3414 (NH), 3095, 3073, 3028 (aromatic C-H), 1614, 1572,
1516, 1471 (C=N + C=C), 1330, 1272, 1169 (SO,), 1255 (C=S), 1145 (C-F), 578 (C-Br); 'H-NMR
(DMSO-d, & ppm): 14.43 (s, 1H, NH); 8.00 (d, 2H, J = 8.5 Hz, aromatic protons); 7.88 (d, 2H, J = 8.8 Hz,
aromatic protons); 7.83 (d, 2H, J = 8.8 Hz, aromatic protons); 7.73 (td, 1H, J = 8.8, 6.1 Hz, aromatic



Int. J. Mol. Sci. 2014, 15 10918

protons); 7.59 (d, 2H, J = 8.5 Hz, aromatic protons); 7.54 (ddd, 1H, J = 10.2, 9.0, 2.9 Hz, aromatic
proton); 7.31 (dddd, 1H, J = 9.7, 6.5, 2.9, 1.4 Hz, aromatic proton); BC-NMR (DMSO-dg, o ppm):
169.54 (C3-triazolic ring), 162.98 (dd, Jcr = 251.0, 11.5 Hz), 149.01 (C5-triazolic ring), 157.50 (dd,
Jor = 254.0; 13.4 Hz), 142.35, 139.49, 133.06, 132.78 (d, Jcr = 10.6, Hz), 130.08, 129.66, 128.88,
128.51, 128.14, 118.48 (d, Jc.r = 12.6 Hz), 113.03 (d, Jcr = 22.9 Hz), 105.66 (t, Jcr = 23.5 Hz);
(ESI-MS) m/z: 508 [M + H]"; m/z: 510 [M + HJ"; 289 (100, BP) [M + H-BrCsH4SO,]"; 155 (24.8)
[BrCeHs]™; 157 (25.6) [*'BrCeHs]™; 129 (63.2) [FoC¢H3NH]; Anal. caled for CooH 2BrFaN3;0,S,
(508.36 g/mol): C, 47.25; H, 2.38; N, 8.27. Found: C, 47.13; H, 2.30; N, 8.13%.

3.1.3. General Procedure for the Preparation of 2-(5-(4-(4-X-Phenylsulfonyl)phenyl)-4-(2,4-
difluorophenyl)-4H-1,2,4-triazol-3-ylthio)-1-(phenyl/4-fluorophenyl)ethanones 10—15

To a solution of sodium ethoxide (23 mg of sodium in 10 mL of absolute ethanol) was added the
corresponding triazole 7-9 (1 mmol). The reaction mixture was stirred at room temperature until a
solution was obtained. To this solution was added the corresponding a-halogenated ketone (1 mmol)
and stirring was continuated for 10 h. The reaction mixture was poured into ice water and the
precipitate was filtered off, washed with water and recristallized from ethanol.

2-(4-(2,4-Difluorophenyl)-5-(4-(phenylsulfonyl)phenyl)-4H-1,2,4-triazol-3-ylthio)-1-phenylethanone 10
Yield: 70%; m.p. 176-178 °C; IR (KBr, v, cm '): 3070, 3038 (aromatic C-H), 2965, 2922 (CH,), 1685
(C=0), 1614, 1598, 1515 (C=N + C=C), 1312, 1291, 1161 (SO,), 1146 (C-F); '"H-NMR (DMSO-dg,
o ppm): 8.03 (dd, 2H, J = 7.7, 1.3 Hz, aromatic protons); 8.00 (d, 2H, J = 8.6 Hz, aromatic protons);
7.97 (dd, 2H, J = 7.7, 1.4 Hz, aromatic proton); 7.87 (dt, 1H, J = 8.8, 5.8 Hz, aromatic proton); 7.71
(m, 1H, aromatic proton); 7.65 (t, 2H, J = 7.7 Hz, aromatic proton); 7.62 (d, 2H, J = 8.6 Hz, aromatic
protons); 7.60 (m, 2H, aromatic protons); 7.56 (t, 2H, J = 7.7 Hz, aromatic protons); 7.40 (m, 1H,
aromatic proton); 5.02 (s, 2H, S-CH,-); >C-NMR (DMSO-ds, & ppm): 192.73 (C=0), 163.34 (dd,
Jer = 251.9; 11.7 Hz), 156.66 (dd, Jcr = 253.4; 13.8 Hz), 153.11 (C3-triazolic ring), 153.05
(C5-triazolic ring), 142.27, 140.36, 135.14, 134.07, 133.82, 131.59 (d, Jcr = 10.9 Hz), 130.66, 129.87,
128.83, 128.41, 128.30, 128.04, 127.54, 117.50 (d, Jcr = 12.0 Hz), 113.56 (d, Jcr = 25.2 Hz), 106.84
(t, Jor = 23.2 Hz), 40.46 (S-CHs-); (APCI-MS) m/z: 548 [M + H]"; 514 (5.6) [M + H-H,S]"; 430
(15.3) [M + H-C¢HsCOCH]'"; 398 (98.8) [M + H-CcHsCOCHS]'; 105 (88.8) [CsHsCO]™; 91 (100, BP)
[tropyliumf; Anal. caled for CysH9F2N305S, (547.60 g/mol): C, 61.41; H, 3.50; N, 7.67. Found: C,
61.23; H, 3.29; N, 7.48%.

2-(5-(4-(4-Chlorophenylsulfonyl)phenyl)-4-(2,4-difluorophenyl)-4H-1,2,4-triazol-3-ylthio)-1-
phenylethanone 11 Yield: 84%; m.p. 191-193 °C; IR (KBr, v, cm_l): 3084, 3040 (aromatic C-H),
2959, 2921 (CH,), 1678 (C=0), 1612, 1598, 1580, 1516 (C=N) + C=C), 1328, 1283, 1161 (S0,), 1146
(C-F), 767 (C-Cl); '"H-NMR (DMSO-ds, & ppm): 8.03 (dd, 2H, J = 7.7, 1.4 Hz, aromatic protons); 8.00
(d, 2H, J = 8.8 Hz, aromatic protons); 7.96 (d, 2H, J = 8.8 Hz, aromatic protons); 7.70 (d, 2H, J = 8.8 Hz,
aromatic proton); 7.65 (m, 1H, aromatic proton); 7.63 (d, 2H, J = 8.8 Hz, aromatic protons); 7.61 (dt,
1H, J = 8.8, 6.0 Hz, aromatic proton); 7.56 (t, 2H, J = 7.7 Hz, aromatic protons); 7.40 (ddd, 1H,
J=10.2,9.1, 2.8 Hz, aromatic proton); 7.24 (m, 1H, aromatic proton); 5.02 (s, 2H, S-CH;-); BC-NMR
(DMSO-ds, 6 ppm): 192.72 (C=0), 163.35 (dd, Jcr = 251.9, 11.7 Hz), 156.57 (dd, Jcr = 253.4, 13.5 Hz),
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153.09 (C3-triazolic ring), 153.06 (C5-triazolic ring), 141.80, 139.22, 139.16, 135.14, 133.82, 131.59
(d, Jor = 10.6 Hz), 130.86, 130.03, 129.55, 128.83, 128.41, 128.34, 128.13, 117.55 (d, Jer = 9.2 Hz),
113.57 (d, Jer = 20.4 Hz), 106.84 (t, Jo.r = 23.5 Hz), 40.35 (S-CH,-); (APCI-MS) m/z: 582 [M + H];
m/z: 584 [M + HJ'; 476 (67.2) [M + H-C¢HsCHO]"; 478 (82.3) [M + H-CcHsCHO]"; 464 (28.5)
[M + H-C¢HsCOCH]"; 466 (30.2) [M + H-C¢HsCOCH]"; 444 (40.1) [M + H-C¢HsCOCH-HF]"; 446 (41.2)
[M + H-C¢HsCOCH-HF]"; 432 (28.4) [M + H-CsHsCOCHS]"; 434 (84.1) [M + H-CsHsCOCHS]'; 305
(5.7) [M + H-C¢HsCOCHS-F,CsH3NH,]"; 307 (7.2) [M + H-C¢HsCOCHS-F,C¢H3NH,]; 159 (23.4)
[P°CICH4SO]™; 161 (10.3) ['CICsH4SO]™; 105 (100, BP) [CsHsCOJ™; 91 (95.2) [tropylium]™; Anal.
calcd for CygH;sCIF,N303S, (582.04 g/mol): C, 57.78; H, 3.12; N, 7.22. Found: C, 57.67; H, 3.04;
N, 7.07%.

2-(5-(4-(4-Bromophenylsulfonyl)phenyl)-4-(2,4-difluorophenyl)-4H-1,2,4-triazol-3-ylthio)-1-

phenylethanone 12 Yield: 82%; m.p. 213-215 °C; IR (KBr, v, cm '): 3083, 3050 (aromatic C-H),
2960, 2922 (CHy), 1703 (C=0), 1615, 1598, 1572, 1517 (C=N + C=C), 1321, 1282, 1160 (SO,), 1142
(C-F), 580 (C-Br); '"H-NMR (DMSO-d;, & ppm): 8.03 (dd, 2H, J = 7.7, 1.4 Hz, aromatic protons); 8.00
(d, 2H, J = 8.8 Hz, aromatic protons); 7.89 (d, 2H, J = 8.8 Hz, aromatic protons); 7.87 (dt, 1H, J = 8.8,
5.8 Hz, aromatic proton); 7.83 (d, 2H, J = 8.8 Hz, aromatic protons); 7.69 (tt, 1H, J = 7.7, 1.4 Hz,
aromatic proton); 7.65 (m, 1H, aromatic proton); 7.63 (d, 2H, J = 8.8 Hz, aromatic protons); 7.56 (t,
2H, J = 7.7 Hz, aromatic protons); 7.39 (m, 1H, aromatic proton); 5.02 (s, 2H, S-CH,-); "C-NMR
(DMSO-ds, & ppm): 192.71 (C=0), 163.26 (dd, Jcr = 251.7, 11.7 Hz), 156.65 (dd, Jcr = 253.4, 13.5 Hz),
153.11 (C3-triazolic ring), 153.06 (C5-triazolic ring), 141.75, 139.57, 135.13, 133.80, 132.98, 131.59
(d, Jcr = 10.6 Hz), 130.86, 129.56, 129.30, 128.83, 128.41, 128.35, 128.13, 117.51 (d, Jcr = 12.9 Hz),
113.59 (d, Je.r = 22.3 Hz), 106.85 (t, Jo.r = 23.5 Hz), 40.46 (S-CHy-); (APCI-MS) m/z: 626 [M + H];
m/z: 628 [M + H]"; 476 (31.9) [M + H-C4HsCOCHS]"; 478 (26.3) [M + H-CsHsCOCHS]"; 434 (12.7)
[M + H-CsHsCOCH,SNCNH]"; 436 (33.2) [M + H-C¢HsCOCH,SNCNH]"; 159 (23.4) [’BrCsH4SO]";
161 (10.3) [*BrCsHsSO]"; 105(100, BP) [CeHsCOJ"; 91 (95.2) [tropylium]; Anal. caled for
CosH sBrF,N305S; (626.49 g/mol): C, 53.68; H, 2.90; N, 6.71. Found: C, 53.54; H, 2.79; N, 6.62%.

2-(4-(2,4-Difluorophenyl)-5-(4-(phenylsulfonyl)phenyl)-4H-1,2,4-triazol-3-ylthio)-1-(4-fluorophe-
nyl)ethanone 13 Yield: 72%; m.p. 152—-154 °C; IR (KBr, v, cm_l): 3071, 3035 (aromatic C-H), 2960,
2922 (CH,), 1682 (C=0), 1614, 1598, 1515 (C=N + C=C), 1313, 1281, 1161 (SO,), 1145 (C-F); '"H-NMR
(DMSO-dg, 6 ppm): 8.11 (dd, 2H, J = 8.8, 5.5 Hz, aromatic protons), 7.99 (d, 2H, J = 8.5 Hz, aromatic
protons); 7.95 (dd, 2H, J = 7.4, 1.5 Hz, aromatic protons); 7.86 (dt, 1H, J = 8.8, 5.8 Hz, aromatic
proton); 7.71 (tt, 1H, J = 7.4, 1.5 Hz, aromatic protons); 7.65 (m, 1H aromatic proton); 7.63 (d, 2H,
J = 8.5 Hz, aromatic protons); 7.62 (t, 2H, J = 7.4 Hz, aromatic protons); 7.39 (t, 2H, J = 8.8 Hz, aromatic
protons); 7.30 (m, 1H, aromatic proton); 4.99 (s, 2H, S-CH;-); BC.NMR (DMSO-ds, 6 ppm): 191.45
(C=0), 165.36 (d, Jc.r = 252.8 Hz), 163.04 (dd, Jcr = 250.5; 11.7 Hz), 156.76 (dd, Jc.r = 250.9; 13.2 Hz),
153.16 (C3-triazolic ring), 153.01 (C5-triazolic ring), 142.32, 140.38, 134.10, 131.95 (d, Jcr = 2.7 Hz),
131.60 (d, Jo.r = 9.6 Hz), 131.55 (d, Jo.r = 9.4 Hz), 130.67, 129.90, 128.34, 128.07, 127.57, 117.48 (d,
Jer=9.8 Hz), 11592 (d, Jcr =21.9 Hz), 113.60 (d, Jcr = 22.7 Hz), 106.16 (dd, Jcr = 235.0, 27.3 Hz),
40.34 (S-CHy-); (APCI-MS) m/z: 566 [M + H]"; 428 (18.9) [M + H-FC¢H4,COCHs]"; 398 (35.3)
[M + H-FC¢H,COCHS]"; 356 (16.8) [M + H-FC¢H4COCH,SNCNH]"; 137 (26.5) [FC¢H4COCH,]";
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123 (82.2) [FCsH4CO]"; 109 (100, BP) [FCsH4N]"; Anal. calcd for CaogH sF3N303S; (565.59 g/mol):
C, 59.46; H, 3.21; N, 7.43. Found: C, 59.23; H, 3.07; N, 7.26%.

2-(5-(4-(4-Chlorophenylsulfonyl)phenyl)-4-(2,4-difluorophenyl)-4H-1,2 4-triazol-3-ylthio)-1-(4-

fluorophenyl)ethanone 14 Yield: 85%; m.p. 226-228 °C; IR (KBr, v, cmﬁl): 3068, 3030 (aromatic C-H),
2965, 2920 (CH,), 1682 (C=0), 1615, 1599, 1514 (C=N + C=C), 1322, 1282, 1158 (SO,); 1145 (C-F),
768 (C-Cl); "H-NMR (DMSO-dg, 6 ppm): 8.11 (dd, 2H, J = 8.8, 5.5 Hz, aromatic protons), 8.00 (d, 2H,
J = 8.5 Hz, aromatic protons), 7.97 (d, 2H, J = 8.7 Hz, aromatic protons); 7.86 (dt, 1H, J = 8.8, 5.8 Hz,
aromatic proton); 7.69 (d, 2H, J = 8.7 Hz, aromatic protons); 7.65 (m, 1H, aromatic proton), 7.63 (d, 2H,
J = 8.5 Hz, aromatic protons); 7.39 (t, 2H, J = 8.8 Hz, aromatic protons); 7.38 (m, 1H, aromatic proton);
4.99 (s, 2H, S-CH,-); “C-NMR (DMSO-ds, & ppm): 191.42 (C=0), 165.34 (d, Je.r = 252.5 Hz), 163.18
(dd, Jer = 2504, 11.8 Hz), 156.72 (dd, Jcr = 250.8, 13.1 Hz), 153.09 (C3-triazolic ring), 153.04
(C5-triazolic ring), 141.81, 139.22, 139.16, 131.94 (d, Jc.r = 2.7 Hz), 131.59 (d, Jcr = 9.7 Hz), 131.52
(d, Jer = 9.7 Hz), 130.85, 130.05, 128.55, 128.36, 128.14, 117.64 (d, Jcr = 9.8 Hz), 115.89 (d,
Jer=21.9 Hz), 113.57 (d, Jcr = 19.6 Hz), 106.20 (dd, Jcr = 235.0, 27.3 Hz), 40.33 (S-CH;-); (APCI-MS)
m/z: 600 [M + H]"; m/z: 602 [M + H]"; 123 (52.2) [FCsH4CO]"; 123 (48.3) [FCcH4CO]"; 109 (100,
BP) [FC6H4N]+; Anal. calcd for CysH;7CIF3N303S; (600.03 g/mol): C, 56.05; H, 2.86; N, 7.00. Found:
C,55.97; H, 2.76; N, 6.87%.

2-(5-(4-(4-Bromophenylsulfonyl)phenyl)-4-(2,4-difluorophenyl)-4H-1,2,4-triazol-3-ylthio)-1-

(4-fluorophenyl)ethanone 15 Yield: 80%; m.p. 228-230 °C; IR (KBr, v, cmﬁl): 3080, 3067 (aromatic C-H),
2963, 2920 (CHy), 1682 (C=0), 1612, 1598, 1574, 1515 (C=N + C=C), 1323, 1282, 1159 (S0O,), 1144
(C-F), 578 (C-Br); 'H-NMR (DMSO-dg, & ppm): 8.11 (dd, 2H, J = 8.9, 5.4 Hz, aromatic protons),
8.00 (d, 2H, J = 8.5 Hz, aromatic protons), 7.89 (d, 2H, J = 8.8 Hz, aromatic protons); 7.86 (dt, 1H,
J = 8.8, 5.8 Hz, aromatic proton); 7.64 (d, 2H, J = 8.5 Hz, aromatic protons); 7.83 (d, 2H, J = 8.8 Hz,
aromatic protons); 7.60 (m, 1H, aromatic proton); 7.38 (t, 2H, J = 8.9 Hz, aromatic protons); 7.30 (m, 1H,
aromatic proton); 4.99 (s, 2H, S-CH,-); *C-NMR (DMSO-ds, & ppm): 191.42 (C=0), 165.34 (d,
Jer = 252.5 Hz), 163.36 (dd, Jcr = 250.2, 11.8 Hz), 156.64 (dd, Jcr = 252.0, 13.4 Hz), 153.10
(C3-triazolic ring), 153.05 (CS5-triazolic ring), 141.78, 139.58, 132.99, 131.92 (d, Jcr = 2.6 Hz),
131.59 (d, Jor = 9.6 Hz), 131.52 (d, Jcr = 2.7 Hz), 130.86, 129.57, 129.15, 128.36, 128.13, 117.52
(d, Jer = 9.4 Hz), 115.89 (d, Jcr = 21.9 Hz), 113.57 (d, Jcr = 20.0 Hz), 106.20 (dd, Jcr = 235.0,
27.3 Hz), 40.33 (S-CH,-); (APCI-MS) m/z: 644 [M + H]"; m/z: 646 [M + H]; 476 (31.9)
[M + H-FC¢H4COCHS]'; 478 (26.3) [M + H-FCsH,COCHS]'; 137 (26.5) [FCsH4COCH,]"; 137 (37.2)
[FCsH4COCH,]'; 123 (100, BP) [FC¢H4CO]'; 109 (43.1) [FCsH4N]"; 109 (74.2) [FCsH4N]"; Anal. caled
for Cp3H7BrF;N;0sS, (644.48 g/mol): C, 52.18; H, 2.66; N, 6.52. Found: C, 52.07; H, 2.57; N, 6.36%.

3.2. Antioxidant Activity

The antioxidant activity of all the synthesized compounds was evaluated by DPPH method [14,38]
with some modifications and compared with standards (AA, BHA and BHT).

The 400 uM solution of DPPH (2 mL) in ethanol was added to tested sample solutions (2 mL) of
different concentrations (50, 100, 125, 200, 250 and 500 uM) in acetone - ethanol 4:96 v/v. The
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samples were kept in the dark at room temperature. After 30 min the absorbance values were measured
at 517 nm and were converted into the percentage antioxidant activity (%) using the formula [48]:

% = {1 - [(Asample - Asampleblank)/Acontrol] x 100 (1)

where Aconrol Was the absorbance of DPPH solution without sample, Agmple Was the absorbance of
sample solution with DPPH, A mpicblank Was the absorbance of the sample solutions without the DPPH.

All analyses were undertaken on three replicates and the results averaged. The ICsy values were
calculated by linear regression plots, where the abscissa represented the concentration of tested
compound solution (50, 100, 125, 200, 250 and 500 uM) and the ordinate represented the average
percent of antioxidant activity from three separate tests. The absorbance was measured on a
SPECORD 40 Analytik Jena spectrophotometer.

4. Conclusions

New hydrazinecarbothioamides, 1,2,4-triazole-3-thiones and S-alkylated 1,2,4-triazole derivatives
were synthesized and characterized by IR, 'H-NMR, C-NMR and mass spectral data. All the
synthesized compounds 4-15 have been investigated for their antioxidant activity. Some of these
compounds were found to be significant scavengers of free radicals. The hydrazinecarbothioamides 46
showed excellent antioxidant activity, more than the standards. 1,2,4-Triazole-3-thiones showed good
antioxidant activity, but lower than the key intermediates from hydrazinecarbothioamide class, unlike
S-alkylates derivatives that had very low action. These results obtained by preliminary screening of
antioxidant activity suggested that the molecules from hydrazinecarbothioamide class might serve as
interesting compounds for the development of new antioxidant agents by synthesis of some new
derivatives with this structure.
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