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Abstract  

Differentaseriesaofaannulatedamethylpiperazineaderivatives were designed, synthesized 

traditionalamethods, aandastructurallyacharacterized. 1,2,4-Triazole-fluoroquinolone and 

1,2,4-triazole–conazole hybridsaareadesigned, asynthesized, aandainvestigatedainavitro 

against a variety of common diseases. The structure of the newly synthesized compounds are 

characterized from spectral data (IR, 1H NMR, 13C NMR, and LC–MS). The antibacterial 

activityaagainstabothaGram-positiveaandaGram-negativeabacteriaaisashownato beaenhanced 

byamanyaofatheaproducedacompounds. Also, asomeaofatheaproductsaareafoundatoahave 

strongaantiproliferativeaeffectsaaganistaHeLaacervicalacanceracells, awhilstademonstrating 

cytotoxicaeffectsatowardanormalacells. Compoundsa6d and 6e showed intermediate 

anticanceraactivity 

Introductıon 

TheaWorldaHealthaOrganizationaranksacervical cancer as the fourth most frequent 

malignancy in women, and it has the third highest fatality rate [1]. According to a report issued 

by the WHO, cervicalacanceraaccountsaforaarounda12% of allakindsaofacancersathatacan 

occurain women and is more prevalent inacountries that are still developing [2]. Low success 

has been achieved in the treatment of cervical cancer with drugs and it has been observed that 

it has quite a lot of side effects [3]. In order for advancements to beamadeainaearlyadetection 

andaimprovedaefficacyaofaavailableachemotherapeuticaapproachesainatheafieldaofacervical 

canceraresearch [4, 5], there needs to be aaconstantasearch forasaferanewachemicalamoieties 

withasignificantaanticanceraactivity, aandaidentificationaof efficient cellular targets is required 

foratheaeffectiveatreatmentaofacancer [6]. 

Piperazines are compounds that have a wide range of uses in pharmaceutical chemistry and are 

of great biological importance [7-17]. Piperazine compounds are in the structure of many 



antifungal and antibacterial drugs [18-21]. After a piperazine compound was used in the 

structure of the anthelmintic compound, it took place in the structure of many compounds [22, 

23]. The piperazine scaffold has been recognized as an important component of a wide variety 

of naturally active chemicals found in pharmaceutical drugs [24-27]. Antibacterial, 

antituberculosis, anticancer, antiviral, antiinflammatory, antipsychotic, anti- Alzheimer's, 

antifungal, and antidiabetic properties have been attributed to piperazine and its derivatives 

[28–31]. Anticonvulsant, antimalarial, and antianalgesic activities have also been attributed to 

piperazine and its derivatives. In Figure1 are depicted numerous drugs with this pattern as a 

fundamental structural property. 
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The remarkable heterocyclic structure known as the five-membered triazole is distinguished 

from other such structures by its one-of-a-kind structural characteristics. Triazoles are a type of 

diunsaturated ring structure that include three nitrogen atoms. They are also known by the name 

pyrrodiazoles. There are two possible isomeric configurations for triazoles, which are referred 

to as 1,2,3-triazole and 1,2,4-triazole respectively [32]. These configurations differ in the 

position of the nitrogen atoms (figure 2). 
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Because of their remarkable pharmacophoric qualities, compounds of 1,2,4-triazole have been 

a subject of research for drug design over the past decade [33]. Because of the electron-rich 

essence of 1,2,4-triazoles, they are able to interact with a wide range of biochemical aims and 

enzymes, which enables them to display a diverse array of biological activities. Some of these 

activities include antibacterial, antifungal, antitumor, anti-inflammatory, antitubercular, 

hypoglycemic, antidepressant, anticonvulsant, analgesic, antiviral, anticancer, antimalarial, 

antioxidant etc. [34-37]. The application of 1,2,4-triazoles in the development of new molecules 

has seen a remarkable development over the period of recent history. The several medicines 

containing triazole are available on the market, and they can be utilized for a diverse range of 

purposes (figure 3) 

 

 

Figure 3. Some known azole class antifungals. 

The field of molecular hybridization, which is based on the incorporation of two or more 

pharmacophore moieties into a single framework by means of a linker, has recently attracted a 

significant amount of research. This modification has the ability to create compounds of the 

homodimer or heterodimer type. The primary purpose is to enhance the effectiveness of the 

drug while simultaneously minimizing its adverse effects and preventing drug resistance [38-

41]. 

By hybridizing 1,2,4-triazole ring systems with piperazine, the purpose of this research was to 

create novel heterocycles that have the properties of hybrid molecules and can be synthesized. 



Inathisastudy, weareportedatheasynthesisaofabasicaMannichabaseaandaconazoleaderivatives, 

antimicrobialaandaanticancerapropertiesawereainvestigated. 

Antimicrobial Activity Assessment 

TheaHifzissihhaaInstituteaofaRefikaSaydamainaAnkara, Turkey, awasatheasourceaofathe test 

microorganisms, awhich were as follows: E. coliaATCC35218, aY. apseudotuberculosis 

ATCC911, aP. aAeruginosaaATCC43288, aE. aFaecalisaATCC29212, S. aureus ATCC25923, 

B. aCereusa709aRoma, aM. asmegmatisaATCC607, aC. Albicans ATCC60193aand S. 

cerevisiaaRSKKa251. Inaorderatoamakeaaa20.0 g mL-1 solution, aeach substance was weighed 

andadissolvedainadimethylsulfoxide. Theaantibacterialaactivityaof the compounds was 

quantifiedainatheaappropriateabrothamediaausingadoubleamicrodilution, andatheaMIC values 

(g mL-1) wereacalculated. Theaantibacterialaandaantifungalaexperimentsawereaconducted in 

Mueller-Hintonabrotha (MH) a (Difco, aDetroit, aMI, aUSA) aataaapHaof 7,3 andabuffered 

YeastaNitrogenaBase (YNB) aataaapH ofa7.0, arespectively. Microdilutionatestaplatesawere 

incubatedaata35 0C fora18–24 h. M. asmegmatisawasaculturedainaBrainaHeartaInfusion broth 

(BHI) (Difco, Detriot, MI, aUSA) afora48–72ah at 35 0C [42]. Fluconazolea (5 μg) and 

ampicillina (10 μg) awereatheatypicala antibacterialaandaantifungalamedications. The solvent 

controlawasaDMSOadilutedatoa1:10 inaorderato ensureatheacorrectaconcentration. 

CellaCultureaandaCellaProliferationaTests 

CellaCulture 

The sterile cabinet was used for all of the experiments testing for antiproliferative activity. 

Sterilized culture flasks with spent DMEM were discarded. The cells were cultured in a flask 

anda10amLaofatrypsin-EDTAawasaadded. Closing theaflask and placing it in a CO2 incubator 

(5% CO2) at 37 °C for 1-2 minutes. Therefore, the surface was cleansed of any cells that had 

been sticking to it. Afteraincubation, a10 mLaofafreshamediuma (DMEM) awasaaddedatoathe 

containerato restoreatheaoriginalapHalevel. Twoa15-mLafalconatubesawereaeachafilledawith 

an equal amount of the cell suspension. To getatheacellsatoatheabottomaofatheatube, we 

centrifuged it at 600 rpm for 5 minutes. After centrifugation, 3amMaofamediumawasaadded to 

theacell debris and the remaining liquid was discarded from the falcon tube. Aasterileapipette 

wasausedatoadisperseacellsathatahadasettledatoatheabottomaofatheatube. Cellsawereacounted 

usingaaaCedexaHiresaAnalyzera (made by Roche). The cells that had already died were stained 

with trypan blue. The collected information was utilized to establish the cell densityainaeach 

wellaofatheaE-Platea96aplate. 



AntiproliferatifaActivityaTests  

Measurementsaofaantiproliferativeaactivityawereatakenawithaa real-time cell analyzer 

(xCelligenceaRTCAaSP, ACEABIO, Inc.). The foundation ofaRTCAaSPaisatheause of 

microelectronic technology to track cellular processes. E-Plate 96 and theaRTCAaSP 

(SingleaPlate) unit's other parts include a control unit and an analyzer. Theaplateawitha96 wells 

is a crucial component ofatheaRTCAaSPa (E-Plate 96). Aamicroelectronicacellasensoraarray 

designed foracellaadhesion is located at theabase of the plate. Changes in the cellular resistance 

are detected by the RTCA SP sensors as a result of cellular biology. 

To enable analysis, this recorded change in resistance is transformed from analog to digital 

signals. Electrode resistance is affected by a variety of factors, including cellaviability, acell 

number, acellashape, andatheaattractionaofamoleculesatoaeachaothera (adhesion). When cells 

are present at an electrode, they act as insulators and raise the medium's resistance. 

Consequently, the biggeratheanumberaofacellsaonatheaelectrode, athe larger thearesulting shift 

in resistance. It is thearelativeapositionaofatheacellastateathataprovidesatheabasisaforathe cell 

index (CI, Cell Index) parameter. Whenacellsaareaabsentaoranotastronglyaconnectedatoathe 

electrodes, the CI value is close to zero. The CI value increases [43] ifamoreacellsaareacoupled 

to the electrode under the sameaphysiologicalaconditions. aThe CellaIndex (CI) has no inherent 

units. Increasing CI indicates that cells are adhering to the surface, maturing, exhibiting little 

morphological change, and proliferating. So, if the CI value rises, it means there are no issues 

with cell shape, stress, environment, or proliferation. 

Every well of an E-Plate 96 has been pre-filled with a certain volume of medium, and the cells 

are plated in these wells. The cells quickly reach the bottom of the wells, where a sensor-

electrode is placed, and cling to its surface. The station, housed inside a CO2aincubator, isaused 

toatrackachanges in the electricalapropertiesaofatheasensorasurfaces. TheaRTCAasoftware in 

theaRTCAaanalyzeraandatheacontrolaunit simultaneously determines quantitative information 

on theabiologicalastateaofatheacell, includingacellaviability, morphology, aandacytotoxicity. 

Studies of antiproliferative activity were performed using Abay's [44] methodology. The 

samples were diluted in sterile DMEM and then dissolved in sterile DMSO (at a concentration 

of 20 mg/mL) (1:20). Each well of an E-plate 96 had 50 l of culture medium (DMEM) poured 

into it. After 15 minutes in the CO2 incubator, theaplateawasaincubatedainatheasterileacabinet 

(for the thermal balance). After that, we ran a background check on the plate using the RTCA 

station. 

 E-plate 96's status was determined after this one-minute reading. Using the cell counting 

apparatus, we determined how many cells to put to the wells, and we prepared the solution. 



Each well in the plate received 100 μl of this cell solution (25,000acells/well) aexceptafor the 

lastathreeawells. Theseawellsawerealeft empty in order to determine whether or not DMEM 

may affect CI. The second phase (80aminutes) abeganaonceatheaplateawasareinsertedaintoathe 

RTCAastation. Thisagave theacells timeato settle toatheabottomaof theawellaandabeginathe 

process of proliferation. Afterathis time had elapsed, theae-plate was returnedatoatheasterile 

cabinet, where the growth mediumasolutionacontainingatheamolecularasamplesawasaadded to 

theawellsaatavaryingaconcentrations. Three separate sample solutionsa (100, a50, aand 10 

g/mL) were introduced to theawells. Each well had its volume brought up to 200 μl with 

DMEM. Three independent tests were performed on each dose. Next, the RTCA's plate was 

secured for the final time. For 48 hours, the cells' states of life and death were tracked. RTCA 

Software examined the variation in well triplicates by calculating the standard deviation. 

 

ResultsaAndaDiscussion 

Chemistry 

Inathisastudy, athereaisastartingamaterialaMethylpiperazine. Methylpiperazineawasareacted 

withaethylabromoacetateaandahydrazinhydrateatoaaffordatheacorrespondingaasetohydrazide 

compounds (3) then hydrazide molecule (3) was converted to carbox(thio)amide derivative (4), 

followed by an intramolecular cyclization reaction to obtain 1,2,4-triazoles (5) (Scheme 1). This 

compound was characterized by the presence of a signal at 13.90 ppm in the 1H NMR data as a 

D2O exchangeable singlet confirming the existence of a -SH function. The stretching band 

derived from these groups appeared at 2935 cm-1, at the FT-IR data of this molecule. 

Mannich bases are physiologically reactive agents [45-47]. Mannich bases (6a-e) were obtained 

by treatment of compound (5) with formaldehyde and several biologically active amines 

(Scheme 1) [48, 49]. 
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Scheme 1: i. BrCH2COOEt, EtOH; ii. NH2NH2, EtOH; iii: RNCS, EtOH, iv. NaOH, EtOH, H2O; v: dimethyl 

formamide, seconder amine, room temperature, 24 h. 

Alkylationaofacompounda (5) awith 2-bromo-1-(4-chlorophenyl) aethanoneainaethanol 

affordedatheacorrespondingacompound (7). NHaprotonaattachedatoathe triazole group 

disappeared for compound (5) at the 1H NMR spectra. Newaaromaticapeaksawerearesonated 

inathearegiona7.20-7.35 ppm. In 13C NMRadataaofamolecules, theacarbon atom (C=O) was 

observed between 171.10  ppm for the newly added carbonyl group. The reduction of carbonyl 

group with NaBH4 in (7) to alcohol gave compound (8) which, again, was achieved using 

classical heating. Looking at compound number (8) the carbonyl group peak has evanesced at 

the 13C NMR data and OH peak added between 5.26 ppm in the 1H NMR. The spreading band 

obtained in this group (OH) appeared at 3319 cm-1, in the FT-IR data of molecule. The synthesis 

of compound (9) was achieved by treatment of compound (8) with substituted benzyl chlorides, 

namely 4-chloro-benzyl chlorides in the presence of NaH. (Scheme 2). In both FT-IR and 1H 

NMR data of the molecule, the peaks due to the -OH group have disappeared. Other peaks 

approving molecule structures were displayed at the concerned chemical ranges in the 1H NMR 

and 13C NMR spectra. Moreover, [M+1] ion signals were appeared at the concerned m/z ranges 

auxiliary the offered structure of molecule (9) (Scheme 2). 
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Scheme 2: i: 2-Bromo-1-(4-chlorophenyl)ethanone, NaOEt, reflux,; ii: NaBH4, EtOH, reflux; iii: 4-

chlorobenzylchloride, THF, NaH, reflux, 

 

 



Antimicrobial Activity 

Table 1 displays the results of antimicrobial activity testing performed on all novel products 

usingathea minimalainhibitionaconcentration (MIC) approach. Compounds (2-9) were 

examined for their ability to inhibit the growth of four different bacteria and three different  

yeasts. Compounds (2, 5, 6a-e, and 7-9) had moderate activity against the tested 

microorganisms, while compounds (3, 4, and 5) showed stronger activities against M. 

smegmatis, Y. pseudotuberculosis, and E. coli. That means that compounds (2) and (9) are more 

effective against M. smegmatis than the other molecules, with MIC values of 7.81 g/mL and 

respectively. The mannich bases (6a, 6d, and 6e) ashowedatheabestaand mostaeffective activity 

againstabothagram-positiveaandagram-negativeabacteria, awithaMIC valuesaof 0.24 g/mL, 

but they had no effect onayeastastrains. aAtatheasameatime, whenacomparedatoatheastandard 

drug Streptomycin, theseacompounds were much better at killing M. smegmatis than 

Streptomycin. The conazole derivative compound (9) showed only moderate efficacy against 

both gram-positive and gram-negative bacteria and yeasts. 

Table 1. Screeningforantimicrobialactivity of thecompounds (μg/μl). 

No 

  

Stoc. 

μg/ml 
Microorganisms  and Minimal Inhibition Concentration  

Ec Yp Pa Sa Ef Bc Ms Ca Sc 

2  7.81 7.81 31.2

5 

31.25 62.5 31.25 7.81 - - 

3  - - - - - - - - - 

4  - - - - - - - - - 

5  - - - 125 - - - 250 125 

6a  <0.24 <0.24 <0.2

4 

<0.24 <0.24 <0.24 <0.2

4 

- 125 

6b  125 125 - - - - - - - 

6c  125 125 - - - - - - - 

6d  <0.24 <0.24 <0.2

4 

<0.24 <0.24 <0.24 <0.2

4 

62.5 15.65 

6e  <0.24 <0.24 <0.2

4 

<0.24 <0.24 <0.24 <0.2

4 

62.5 15.65 

7  62.5 125 - 62.5 - 125 15.65 125 62.5 

8  31.25 125 - 500 - 125 62.5 125 62.5 

9  125 125 125 125 - 125 7.81 125 125 

DMS

O 

 125 125 125 - - 500 125 500 - 

Amp.  10 18 >128 35 10 15    



Strep.        4   

Flu         <8 <8 

 

Ec: Escherichia coli ATCC 25922,  Yp: Yersinia pseudotuberculosis ATCC 911, Pa: Pseudomonas  aeruginosa 

ATCC 27853, Sa: Staphylococcus aureus ATCC 25923, Ef: Enterococcus faecalis ATCC 29212, Bc: Bacillus 

cereus 702 Roma, Ms: Mycobacterium smegmatis ATCC607, Ca: Candida albicans ATCC 60193, Saccharomyces 

cerevisiae RSKK 251, Amp.: Ampicillin, Str.: Streptomycin, Flu.: Fluconazole, (—): no activity 

Anticancer Activity  

Abay's [44] method was used to test the molecules' potential antiproliferative activity against 

HeLa cells. The samples' antiproliferative activity ranged throughout 3 doses (Figure 1 and  

Figure 2). The wells that did not contain the molecules samples resulted in a high Cell Index 

(red line). In the wells where the molecules were introduced, CI values dropped. Only DMEM 

medium was added to the last three wells. A assessment was established using these three wells. 

No change in impedance was detected in the DMEM-only wells. For these three wells, the Cell 

Index (CI) values remained constant throughout the experiment (green line). The red line 

represents the CI values obtained from wells containing only DMEM and cells. The rapidly 

increasing CI can be directly attributed to the unimpeded proliferation of HeLa cells. This 

demonstrates that there is no negative proliferation effect when acellsaareaattachedatoagold-

plated microelectrodes in aawell-groundaexperiment. aTheaimpedance shift is proportional to 

the number of cellsathat have adhered to the bottom electrodes of the plate. In turn, the CI value 

rises as a consequence of this. However, a drop in CI value indicates that cell growth is being 

restrained. The transfer of the e-Plate 96 from the RTCA station in the incubator (95% CO2, 37 

0C) to the sterile cabinet and the subsequent addition of the sample account for the sharp drop 

in CI observed at the 2-hour mark. Once the molecular samples had been added, the E-Plate 96 

was placed back into the CO2 incubator's station. The CI values for cells in wells where no 

samples were added rose sharply (red line). However, the molecules from the samples 

significantly inhibited cell growth in the wells where they were introduced. Because of this, the 

CI values were quite low. 



 

Figure 1. Time-CIa (Cell Index) aplotashowingatheaantiproliferativeaactivityatestaresultsaof 

compounda6daagainstaHeLaacellalinea (theaconcentrationaunitais μg/mL). 

 

 

Figure 2. Time-CIa (CellaIndex) aplotashowingatheaantiproliferativeaactivityatestaresultsaof 

compounda6eaagainstaHeLaacellalinea (theaconcentrationaunitaisaμg/mL). 
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Figure 3. AddingadifferentadosesaofaDMSOatoaHeLaacellawellsa (theaconcentrationaunitais 

μg/mL). 

 

 

Figure 4. Effectaofaalla5FUadosesausedaasapositivecontrol (the concentrationaunit is μg/mL). 

The eplate was transferred to theasterileacabineta80 minutes after theacells wereaaddedatoathe 

wells. Wells were prepared with 100, 50, and 10 gmL-1 sample concentrations. There were three 

separate assessments of each sample dose. We tracked the molecules' antiproliferative effect on 

HeLa cells in real time for 48 hours, measuring their performance every 10 minutes. Standard 

deviations for the well mean CI values are displayed as vertical bars in the xCelligence RTCA 

SP software. 

Investigating the dose effect requires thinking about concepts like hormesis and inverse 

hormesis as well as dose-dependent effects and dose-dependent reverse effects. [42–44] Figures 

1 and 2 display the inhibitory effectsaofatheseamolecules onaHeLa cell proliferation. The CI 
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valuesameasured in cell-free wells rose sharply (red line). No DMSO-induced antiproliferative 

activity was detected when HeLa cells were cultured in the presence of varying concentrations 

of DMSO (Figure 3). Alladosesaofa5FUausedaasaaapositiveacontrolahadaaasizableaeffect, 

andatheavalues for the CI were all very close. No antiproliferative effect was seen at 

concentrations of the molecules below 10 gmL-1 (turquoise line). The CI from the low doses of 

the molecules was equivalent to that fromatheaplaceboagroup. Atatheaendaofatheaexperiment, 

onlyathealowadoseaofacompound 6d was significantly different from the control group (after 

35 hours). A net antiproliferative effect cannot be inferred from the current circumstances. 

Figure 4 shows a graph of 5FU, whichaisausedaasaaapositiveacontrol, and itaisaclearathatathe 

CIafor the low dose (turquoise line) is significantly different from the CI values shown in red 

(negative control). Strong antiproliferative activity was observed at middleadosesaofa6d and 

6eamolecules (50 gmL-1, pinkaline). Their antiproliferativeaactivity wasaconsistent throughout 

the study. Additionally, it has been discovered that high concentrations of molecules have 

potent antiproliferative effects. The 6e molecule exhibited potent antiproliferative activity at 

high concentrations (100 gmL-1, darkabluealine). The 6d molecule had a potent antiproliferative 

effectaonaHeLaacells even at high concentrations (100 gmL-1; dark blue line). Extremely high 

concentrations of 6e molecules produced CI values that were identical to the CI values of wells 

in which no cells had been added (green line). The experiment's strong effect persisted 

throughout. To a greater extent than with any other molecules, the dose-effect differences of 6d 

and 6e were observed. The structural forms of these molecules are responsible for their 

antiproliferative effects. Antiproliferative activity potentials of molecules showing no oraweak 

effectaagainstaHeLaacells shouldabe examined and their effects should be investigatedaagainst 

otheracanceracellalines. 

Experimental 

Chemistry 

Fluka Chemie AG (Buchs, Switzerland) supplied the chemicals, which were purchased and 

used as-is. AllameltingapointsawereameasuredainaopenacapillariesausingaaaBüchi B-540 

meltingapointaapparatusaandahaveanotabeenaadjustedaforatemperature. TLC was used to 

track reactions on aluminum sheets coated with silica gel 60 F254. Detection was done with 

UV light, and the mobile phase was composed of ethyl acetate and diethyl ether (1:1). TheaFT-

IRaspectraawereaobtained with aaPerkinaElmera1600aseriesaspectrometer. Spectraawere 

recorded inaDMSO-d6ausingaaaBrukeraAveneaIIa400aNMRaspectrometerafor 1H NMR and 



13C NMRa (400aMHzafor 1Haanda100aMHzafor 13C). Quattro GC-MSa (70aeV) ainstrument 

wasausedatoacollectatheaelectronaionizationa (EI) amassaspectra. 

Methyl (4-methylpiperazin-1-yl)acetate (2) 

Toaaasolutionaofatheamethylpiperazina (10 mmol) ainatetrahydrofuran, atriethylamine (20 

mmol) aandaethylabromoacetatea (10 mmol) awereaaddedaandatheamixtureawasastirred at 

roomatemperatureafora24ahours. Theaprecipitateawasaremovedabyafiltration and the resulting 

solutionawasaevaporatedaunderareducedapressureatoadryness. Theacrude product obtained 

wasapurifiedabyacolumnachromatographya (silicaagel, ahexane/ethylaacetate 7:3). 

Yield: % 89, m.p: 85-87°C. FT IR (υmax, cm-1): 1734 (C=O). a1H NMR (DMSO-d6, aδ ppm): 

1.17-1.20a (3H, am, aCH3), 1.99 (2H, as, aCH2), 2.14 (2H, as, aCH2), 2.30 (2H, s, CH2), a3.17 

(2H, as, aCH2), 3.39 (2H, as, aCH2), a4.06-4.10 (3H, m, CH3).
 13C NMR (DMSO-d6, δ ppm): 

14.57 (CH3), 46.17 (CH3), 53.24 (CH2), 55.06 (CH2), 58.98 (CH2), 60.20 (CH2), 63.93 (CH2), 

170.36 (C=O).  EI MS m/z (%): 173.25 ([M+1]+, 100), 195.40 ([M+Na]+, 70).  

2-(4-methylpiperazin-1-yl)acetohydrazide (3) 

 

Aasolutionaofacompounda2a (10ammol) ainaethanolawasarefluxedawithahydrazineahydrate 

(25ammol) afora15 h. Theacrudeaproductaobtainedawasapurifiedabyacolumn chromatography 

(silicaagel, ahexane/ethylaacetatea7:3). 

 

Yield: % 85, m.p: 134-136°C. aFT IR (υmax, cm-1): 1734 a (C=O). a1H NMRa (DMSO-d6, δ 

ppm): 2. 14a (3H, as, aCH3), 2.30 (2H, as, aCH2), 2.40 (4H, as, a2CH2), 2.88a (4H, as, a2CH2), 

3.75 (2H, abrs, aNH2), a8.84 (1H, as, aCH2).
 13C NMR (DMSO-d6, δ ppm): 46.20 (CH3), 53.21 

(2CH2), 55.01 (2CH2), 60.37 (CH2), 168.69 (C=O).  EI MS m/z (%): 173.89 ([M+1]+, 100), 

195.75 ([M+Na]+, 75).  

N-benzyl-2-[(4-methylpiperazin-1-yl)acetyl]hydrazinecarbothioamide (4) 

Aamixtureaofacompounda3a (10 mmol) aandatheacorrespondingabenzyliso(thio)cyanate (10 

mmol) ainadichloromethaneawasastirredaataroomatemperatureafora24 h. Theasolid precipitate 

wasacollectedabyafiltrationaandarecrystallizedafromaethanolatoaafford the desired compound. 



Yield: % 81, am.p: 139-141°C. aFT IR (υmax, cm-1): 3057 (aromaticaCH), 3117 (NH), 3218 

(NH), 1703a (C=O). a1H NMRa (DMSO-d6, δ ppm): a1.86 (3H, s, CH3), a2.00 (2H, s, CH2), 

2.17 (2H, as, aCH2), 2.36 (2H, as, aCH2), 2.47a (2H, as, aCH2), 3.02 (2H, as, aCH2), a4.72 

(2H, s, CH2), 7.22-7.32a (5H, am, aarH), 8.38 (1H, as, aNH), 8.50a (1H, as, aNH), 9.30 (1H, 

s, NH).13C NMR (DMSO-d6, δ ppm): 45.97a (CH3), a47.19a (CH2), a47.40a (CH2), 52.97 

(CH2), a54.81a (CH2), a60.19a (CH2), a63.96a (CH2), arC: [127.08 (CH), a127.48 (CH), 

127.74 (CH), 128.44 (CH), 128.51 (CH), 139.70 (C)], 169.58 (C=O), 182.63 (C=S). EI MS m/z 

(%): 322.45 ([M+1]+, 100), 201.26 (89), 178.10 (67), 166.10 (43). 

4-benzyl-5-[(4-methylpiperazin-1-yl)methyl]-4H-1,2,4-triazole-3-thiol (5) 

 

The a solution a of a the corresponding a compound a 4 (10 mmol) in a ethanol:water (1:1) was 

refluxedainatheapresencea100amLaofa2%aNaOHafora6h.  

Thena the a resulting solutionawasacooledatoaroomatemperatureaandaacidifiedatoapH 

4awitha37%aHCl. A 

The precipitateaformedawasafilteredaoff, washedawithawateraandarecrystallizedafromaethyl 

acetateatoaaffordatheadesiredacompound. 

Yield: % 71, m.p: 155-157°C. FT IR (υmax, cm-1): 3071 (aromatic CH),a2935 (SH). 1H NMR 

(DMSO-d6, δ ppm): 2.17 (3H, s, CH3), 2.61 (2H, s, CH2), 4.29 (2H, d, J= 8.0 Hz, CH2), 5.11 

(2H, s, CH2), 5.19 (2H, s, CH2), 5.24 (2H, s, CH2), 5.32 (2H, s, CH2), 7.20-7.35 (5H, m, arH), 

13.90a (1H, as, aSH). 13C NMRa (DMSO-d6, aδ ppm): 11.72 (CH3), 44.68 (CH2), 45.83 (CH2), 

46.16 (CH2), 46.65 (CH2), 51.52 (CH2), 52.69 (CH2), arC: [127.68 (CH), 127.92 (CH), 128.23 

(CH), 128.58 (CH), 128.79 (CH), 152.53 (C)], 164.84 (triazole C-3), 167.56 (triazole C-5). 

General Method for The Synthesis of Compounds 6a-e 

Toaaasolutionaofacorrespondingacompounda5a (10 mmol) ainadimethyladifferentaamines 

wasaaddedaandatheamixtureawasastirredaat room temperature in the presence of formaldehyde 

(30ammol) afora24 h. Theasolidaprecipitateawasacollectedabyafiltration, awashedawithawater 

andarecrystallizedafromadimethylsulfoxide:watera (1:1) atoagiveatheadesiredacompound. 



4-benzyl-5-((4-methylpiperazin-1-yl)methyl)-2-(morpholinomethyl)-2H-1,2,4-triazole-

3(4H)-thione (6a) 

Yield: a% 83, m.p: a178-180a0C. aFT IRa (υmax, cm-1): a3088 (aromaticaCH), a1593 (C=N).  

1H NMR (DMSO-d6, δ ppm): a2.78a (3H, as, aCH3), 3.37 (10H, s, 5CH2), 3.59 (10, s, 5CH2), 

5.04 (2H, s, CH2), 6.94 (1H, s, arH), 7.24-7.28 (1H, m, arH), 7.47 (1H, s, arH), 7.57 (1H, s, 

arH), 8.48 (1H, s, arH). 13C NMR (DMSO-d6, δ ppm): 19.70 (CH3), 20.25 (CH2), 46.41 (CH2), 

47.03 (CH2), 48.69 (CH2), a49.78a (CH2), a51.39a (CH2), a53.78 (CH2), 55.69a (CH2), 

a57.23a (CH2), 58.09 (CH2), 59.11 (CH2), arC: [119.85 (CH), 120.21 (CH), 121.58 (CH), 

122.03 (CH), 125.79 (CH), 130.52 (C)], 161.20a (triazole C-3), a162.78a (triazole C-5). EI MS 

m/z (%): 403.89a ([M+1]+, a100), 298.78a (85), 170.12a (51). 

4-benzyl-5-((4-methylpiperazin-1-yl)methyl)-2-((4-phenylpiperazin-1-yl)methyl)-2H-

1,2,4-triazole-3(4H)-thione (6b) 

Yield: % 76, m.p: 183.185°C. FT IR (υmax, cm-1): 3073 (aromatic CH), 1589 (C=N).  1H NMR 

(DMSO-d6, aδ ppm): 2.60a (3H, d, J= 4.0 Hz, aCH3), 2.95a (2H, d, aJ= 4.0 Hz, aCH2), 2.99 

(2H, as, aCH2), 3.14 (2H, as, aCH2), 3.15 (2H, as, aCH2), 3.42a (12H, as, a6CH2), 5.13a (2H, 

s, CH2), 6.77a (1H, as, aarH), 6.92 (3H, d, J= 8.0 Hz, arH), 7.21-7.26 (4H, m, arH), 7.54-7.59 

(1H, s, arH), 8.45 (1H, s, arH). 13C NMR (DMSO-d6, δ ppm): 17.22 (CH3), 46.07 (CH2), 47.53 

(CH2), 48.67 (CH2), 49.09 (CH2), 50.51 (CH2), 51.79 (CH2), 52.65 (CH2), 53.64 (CH2), 56.79 

(CH2), 57.98 (CH2), 60.49 (CH2), arC: [117.89 (CH), 118.69 (CH), 119.43 (CH), 120.31 (CH), 

121.96 (CH), 122.49 (CH), 123.10 (CH), 125.80 (CH), 126.98 (CH), 129.03 (CH), 130.78 (C), 

133.59 (C)], 165.90 (triazole C-3), 167.59 (triazole C-5). EI MS m/z (%): 478.69 ([M+1]+, 100), 

219.46 (87), 173.41 (45). 

4-benzyl-2-((furan-2-ylmethylamino)methyl)-5-((4-methylpiperazin-1-yl)methyl)-2H-

1,2,4-triazole-3(4H)-thione (6c) 

Yield: % 78, m.p: 178-180°C. FT IR (υmax, cm-1): 3210 (OH), 3093 (aromatic CH), 1585 (C=N).  

1H NMR (DMSO-d6, δ ppm): 1.63 (3H, s, CH3), 2.74 (2H, s, CH2), 2.90 (2H, s, CH2), 3.13 (2H, 

s, CH2), 3.33 (2H, s, CH2), 3.41 (4H, s, 2CH2), 3.62 (2H, s, CH2), 4.17 (2H, s, CH2), 7.26-7.33 



(5H, m, arH), 7.96 (1H, s, CH), 13.82 (1H, s, NH). 13C NMR (DMSO-d6, δ ppm): 16.10 (CH3), 

45.21 (CH2), 46.52 (CH2), 47.41 (CH2), 48.96 (CH2), 50.23 (CH2), 51.73 (CH2), 53.59 (CH2), 

54.90 (CH2), arC: [110.52 (CH), 112.36 (CH), 114.78 (CH), 115.37 (CH), 123.70 (CH), 139.07 

(C), 142.43 (C)], 163.89 (triazole C-3), 164.70 (triazole C-5). EI MS m/z (%): 413.87 ([M+1]+, 

100), 199.10 (66), 163.41 (49), 110.12 (31). 

7-(4-((4-benzyl-3-((4-methylpiperazin-1-yl)methyl)-5-thioxo-4,5-dihydro-1,2,4-triazol-1-

yl)methyl)piperazin-1-yl)-1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 

(6d) 

Yield: % 89, m.p: 242-244°C. FT IR (υmax, cm-1): 3410 (OH), 3095 (aromatic CH), 1699 (C=O), 

1725 (C=O), 1582 (C=N).  1H NMR (DMSO-d6, δ ppm): 1.40 (3H, s, CH3), 2.73 (3H, s, CH3), 

2.89 (4H, s, 2CH2), 3.03 (4H, s, 2CH2), 3.34 (8H, s, 4CH2), 4.59 (4H, s, 2CH2), 5.16 (4H, s, 

2CH2), 6.93 (1H, s, arH), 7.25 (1H, s, arH), 7.48 (1H, s, arH), 7.87-7.90 (2H, m, arH), 8.48 (1H, 

s, arH), 8.93 (1H, s, CH), 15.35 (1H, s, OH). 13C NMR (DMSO-d6, δ ppm): 11.20 (CH3), 17.52 

(CH3), 45.23 (CH2), 45.98 (CH2), 46.19 (CH2), 46.89 (CH2), 50.51 (CH2), 51.97 (CH2), 52.10 

(CH2), 52.88 (CH2), 53.41 (CH2), 54.41 (CH2), 55.79 (CH2), 56.70 (CH2), arC: [113.52 (CH), 

114.79 (CH), 115.28 (CH), 117.34 (CH), 118.61 (CH), 119.39 (CH), 120.31 (CH), 128.41 (C), 

129.80 (C), 130.76 (C), 131.31 (C), 132.70 (C), 133.74 (C)], 161.67 (triazole C-3), 163.79 

(triazole C-5), 170.46 (C=O), 173.52 (C=O). EI MS m/z (%): 635.78 ([M+1]+, 100), 510.42 

(88), 413.89 (71), 217.52 (43). 

7-(4-((4-benzyl-3-((4-methylpiperazin-1-yl)methyl)-5-thioxo-4,5-dihydro-1,2,4-triazol-1-

yl)methyl)piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid (6e) 

Yield: % 91, m.p: 238-240°C. FT IR (υmax, cm-1): 3421 (OH), 3089 (aromatic CH), 1703 (C=O), 

1718 (C=O, 1578 (C=N).  1H NMR (DMSO-d6, δ ppm): 1.16 (3H, s, CH3), 1.30 (2H, s, CH2), 

1.32 (2H, s, CH2), 3.05 (2H, s, CH2), 3.37 (2H, s, CH2), 3.80 (14H, s, 7CH2), 5.16 (2H, s, CH2), 

6.94 (1H, s, arH), 7.23-7.27 (2H, s, arH), 7.49-7.59 (2H, s, arH), 7.87-7.90 (2H, m, arH), 8.46 

(1H, s, CH), 8.65 (1H, s, CH), 15.20 (1H, s, OH). 13C NMR (DMSO-d6, δ ppm): 13.41 (CH3), 



46.10 (CH2), 47.13 (CH2), 48.48 (CH2), 49.11 (CH2), 50.03 (CH2), 50.77 (CH2), 51.13 (CH2), 

52.78 (CH2), 53.90 (CH2), 54.78 (CH2), 55.13 (CH2), 56.41 (CH2), 58.03 (CH2), arC: [112.70 

(CH), 113.90 (CH), 115.03 (CH), 116.70 (CH), 119.63 (CH), 120.09 (CH), 121.10 (CH), 

130.70 (C), 131.52 (C), 132.08 (C), 133.70 (C), 135.78 (C), 136.10 (C)], 159.20 (triazole C-3), 

160.41 (triazole C-5), 172.52 (C=O), 174.96 (C=O). EI MS m/z (%): 647.89 ([M+1]+, 100), 

488.10 (73), 310.41 (51), 170.43 (31). 

2-(4-benzyl-3-((4-methylpiperazin-1-yl)methyl)-5-thioxo-4,5-dihydro-1,2,4-triazol-1-yl)-

1-(4-chlorophenyl)ethanone (7) 

Theasolutionaofaproductsa5 (10 mmol) andasodiumaethoxida (1ammol) ina10 mLaof ethanol 

wasarefluxedafora6 h. Afterathata2-bromo-1-(4-chlorophenyl)ethanonea (10ammol) was 

addedaintoait, andatheasolutionawasarefluxedaforaaa16 h. Afteraevaporationatheasolvent 

underareducedapressure, aacrudeaacquired. Theacrudeasubstanceawasacollectedabyafiltration 

andarecrystallizedafromaacetone:watera (1:3) ato theaacquiredadesiredamolecules. 

Yield: % 90, m.p: 203-205 0C. FT IR (υmax, cm-1): 3097 (aromatic CH), 1725 (C=O), 1598 

(C=N).  1H NMR (DMSO-d6, δ ppm): 2.27 (3H, d, J= 4.0 Hz, CH3), 2.40 (2H, s, CH2), 2.55 

(2H, d, J= 4.0 Hz, CH2), 3.39 (2H, s, CH2), 4.39 (2H, s, CH2), 4.57 (2H, s, CH2), 5.10 (2H, s, 

CH2), 5.48 (2H, s, CH2), 7.19 (1H, s, arH), 7.20 (1H, s, arH), 7.26 (1H, s, arH), 7.26 (1H, s, 

arH), 7.35 (1H, s, arH), 7.63 (1H, s, arH). 13C NMR (DMSO-d6, δ ppm): 20.14 (CH3), 45.98 

(CH2), 46.01 (CH2), 47.13 (CH2), 48.36 (CH2), 49.48 (CH2), 50.79 (CH2), 51.29 (CH2), arC: 

[113.52 (CH), 114.42 (CH), 119.43 (CH), 120.12 (CH), 121.49 (CH), 123.20 (CH), 124.80 

(CH), 127.94 (CH), 129.43 (CH), 134.12 (C), 136.41 (C), 137.49 (C)], 151.14 (triazole C-3), 

156.79 (triazole C-5), 171.10 (C=O). EI MS m/z (%): 456.12 ([M+1]+, 100), 288.12 (78), 197.12 

(51). 

4-benzyl-2-(2-(4-chlorophenyl)-2-hydroxyethyl)-5-((4-methylpiperazin-1-yl)methyl)-2H-

1,2,4-triazole-3(4H)-thione (8) 

Aasolutionaofatheacorrespondingacompound 7 (10 mmol) ainaabsoluteaethanola (50 mL) was 

refluxedainathe presenceaofaNaBH4a (30ammol) afora18 h. Afteraevaporating the solvent 



underareducedapressure, anaoilyamassaappeared. Thisawasarecrystallizedafromaacetone: 

water (1:3) toaaffordadesiredaproduct. 

Yield: % 71, m.p: 128-130 0C. FT IR (υmax, cm-1): 3319 (OH), 3078 (aromatic CH), 1585 (C=N).  

1H NMR (DMSO-d6, δ ppm): 2.30 (3H, s, CH3), 2.44 (2H, s, CH2), 2.48 (4H, s, 2CH2), 2.68 

(2H, s, CH2), 4.09 (2H, s, CH2), 4.63 (2H, s, CH2), 4.84 (2H, s, CH2), 4.84 (2H, s, CH2), 4.97 

(1H, s, CH), 5.26 (1H, s, OH), 7.02 (1H, s, arH), 7.16 (1H, s, arH), 7.18 (1H, s, arH), 7.25 (2H, 

s, arH), 7.28 (2H, s, arH), 7.36 (2H, s, arH). 13C NMR (DMSO-d6, δ ppm): 20.90 (CH3), 39.12 

(CH2), 46.56 (CH2), 47.41 (CH2), 49.03 (CH2), 49.95 (CH2), 50.07 (CH2), 51.59 (CH2), 126.12 

(CH), arC: [130.12 (CH), 131.19 (CH), 132.85 (CH), 133.76 (CH), 134.09 (CH), 135.90 (CH), 

136.98 (CH), 137.12 (C), 138.90 (C), 140.52 (C)], 153.70 (triazole C-3), 155.97 (triazole C-5). 

EI MS m/z (%): 458.90 ([M+1]+, 100), 311.89 (73), 298.10 (55), 170.12 (41). 

2-(2-(4-chlorobenzyloxy)-2-(4-chlorophenyl)ethyl)-4-benzyl-5-((4-methylpiperazin-1-

yl)methyl)-2H-1,2,4-triazole-3(4H)-thione (9) 

TheaadditionaofaNaHa (1 mmol) atoaaasolutionaofacompounda8a (1 mmol) in tetrahydrofuran 

wasafollowedabya6 h ofarefluxaheating. Toatheamixtureawasathenaaddedatheaappropriate 

benzylachlorideaandatheamixtureawasarefluxed for an additional 8–12 h. Following 

concentrationaunderareducedapressure, the resultingaoilyamassawasatreatedawith aasolution 

of K2CO3a (1ammol) aandatheacombinationawasaextractedawithaethyl acetatea (3X15 mL). 

Na2SO4 wasausedato dry theaorganic layer, whichawasathenaconcentratedaunderareduced 

pressure. Acetoneawasausedatoacrystallizeathearesidue. 

Yield: % 58, m.p: 69-71 0C. FT IR (υmax, cm-1): 3055 (aromatic CH), 3092 (aromatic CH), 1579 

(C=N).  1H NMR (DMSO-d6, δ ppm): 2.27 (3H, s, CH3), 2.36 (2H, s, CH2), 2.39 (4H, s, 2CH2), 

2.57 (2H, s, CH2), 3.83 (2H, s, CH2), 4.45 (2H, s, CH2), 4.58 (2H, s, CH2), 4.65 (2H, s, CH2), 

4.85 (1H, s, CH), 5.08 (1H, s, OH), 7.14-7.19 (7H, m, arH), 7.25-7.26 (6H, m, arH).13C NMR 

(DMSO-d6, δ ppm): 23.07 (CH3), 40.63 (CH2), 47.90 (CH2), 48.66 (CH2), 49.12 (CH2), 50.88 

(CH2), 51.23 (CH2), 52.44 (CH2), 56.37 (CH2), 119.10 (CH), arC: [121.53 (CH), 123.20 (CH), 

124.33 (CH), 126.50 (CH), 127.81 (CH), 128.64 (CH), 129.40 (CH), 134.39 (CH), 135.70 



(CH), 136.86 (CH), 139.40 (CH), 141.33 (CH), 142.50 (CH), 143.23 (C), 144.03 (C), 145.30 

(C), 146.23 (C), 147.34 (C), 148.78 (C)], 156.89 (triazole C-3), 157.13 (triazole C-5). EI MS 

m/z (%): 582.29 ([M+1]+, 100), 389.25 (73), 219.46 (57), 188.90 (40). 
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