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Two new organoselenium analogs, (3,3'-(1,2-phenylenebis(methylene))bis(2-selenoxo-2,3-

dihydro-1H-imidazole-3,1-diyl))bis(methylene) dibenzoate (III) and 3,3'-(1,2-phenylenebis(methylene)) 

bis(1-benzyl-1H-imidazole-2(3H)-selenone) (V), were derived from newly synthesized organic salts 1,1'-

(1,2-phenylenebis(methylene))bis(3-(2-phenoxyacetyl)-1H-imidazol-3-ium) chloride (II) and 1,1'-(1,2-

phenylenebis(methylene))bis(3-benzyl-1H-imidazol-3-ium) chloride (IV), and each was characterized by 

various analytical techniques, such as Fourier-Transform Infrared Spectroscopy (FT-IR), UV–visible, and 

Nuclear Magnetic Resonance (NMR) spectroscopy, as well as Ultra-high performance liquid chromato-

graphy mass spectrometry/Photodiode array (UHPL-MS/PDA). All synthesized compounds were tested 

for their antioxidant and anticancer potential. Very good radical scavenging results were obtained for salts 

II and IV, with cell viability values of 84.6 ± 3.5 and 56.7 ± 5.5 %, respectively, compared to their orga-

noselenium adducts. All synthesized products showed significant activity against MCF-7 breast cancer 

cells, but compounds II and III showed better results, with cell viability values of 40.5 ± 2.0 % and 34.4 

± 1.5 %, respectively. 
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СИНТЕЗА НА НОВИ ОРГАНОСЕЛЕНСКИ СОЕДИНЕНИЈА:  

КАРАКТЕРИЗАЦИЈА И БИОЛОШКИ ИСПИТУВАЊА 

 

Два нови органоселенски аналози, (3,3'-(1,2-фениленбис(метилен))бис(2-селеноксо-2,3-

дихидро-1H-имидазол-3,1-диил))бис(метилен) дибензоат (III) и 3,3'-(1,2-фениленбис(метилен))бис 

(1-бензил-1H-имидазол-2(3H)-селенон) (V), беа дериватизирани од новосинтетизирани органски 

соли 1,1'-(1,2-фениленбис(метилен))бис(3-(2-феноксиацетил)-1H-имидазол-3-иум) хлорид (II) и 

1,1'-(1,2-фениленбис(метилен))бис(3-бензил-1H-имидазол-3-иум) хлорид (IV). Секој од нив беше 

карактеризиран со разни аналитички техники: фуриеова трансформна инфрацрвена 

спектроскопија (FT-IR), UV-видлива и нуклеарна магнетна резонантна (NMR) спектроскопија, 

како и ултра-високоефикасна хроматографија со масена спектрометрија/низа од фотодиоди 

(UHPL-MS/PDA). Сите синтетизирани соединенија беа тестирани за нивните антиоксидациски и 

антиканцерогени потенцијали. Многу добри резултати во однос на уништувачката способност на 

радикали беа добиени за солите II и IV, со вредности на клеточна животоспособност, соодветно, 

од 84.6 ± 3.5 и 56.7 ± 5.5 %, споредено со нивните органоселенови адукти. Сите синтетизирани 

соединенија покажуваат значајна активност против клетките MCF-7 на рак на дојка, меѓутоа 

соединенијата II и III покажуваат подобри резултати каде вредностите на клеточната 

животоспособност, се соодветно 40,5 ± 2,0 % и 34,4 ± 1,5 %. 

 

Клучни зборови: N-хетроцикличен карбен; селен; органоселен; антиоксидациско средство; 

антиканцерогено средство 
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1. INTRODUCTION 

 

Carbenes contain a divalent neutral carbon 

atom that is surrounded by six electrons. Four out 

of these six electrons are involved in σ-bonding, 

while two of these electrons exist as a lone pair on 

the carbon atom [1, 2]. Since they do not follow 

the octet rule, they are considered intermediates 

[3]. In N-heterocyclic carbenes, the carbene center 

takes advantage of the π-electron-donating and σ-

electron-withdrawing character of the neighboring 

nitrogen atoms and becomes an electron-rich nu-

cleophilic species. Attributed to their strong σ-

electron-donating properties, NHC ligands can 

form strong bonds with metal centers [4]. The ste-

ric and electronic properties of the NHC ligands 

can be tuned easily. The steric properties depend 

on the type of N-substituents, while the electronic 

structure can be altered by changing the type of 

heterocyclic ring or its substituents [5].  

Selenium was discovered in 1817 by Berze-

lius, a Swedish chemist [6]. Selenium is an essen-

tial micronutrient for bacteria, humans and ani-

mals, and it plays a significant role in many cellu-

lar processes [7] making it an essential trace ele-

ment for biological functions [8]. It is important 

for the upkeep of several cellular functions in liv-

ing bodies. Particularly in humans, selenium is es-

sential for the synthesis of at least 25 selenopro-

teins, which include iodothyronine deiodinase 

(ID), glutathione peroxidase (GPx) and thioredoxin 

reductase (TrxR) families [9].  

All elemental forms of selenium are highly 

reactive towards reagents, so they can be incorpo-

rated into organic compounds. Some electrophilic 

or nucleophilic reagents can be used to introduce 

selenium into organic compounds [10, 11]. Orga-

noselenium compounds are considered very im-

portant in ligand chemistry, biochemistry, cataly-

sis, semiconducting materials, and pharmaceuticals 

[12, 13]. Selenium compounds are good anti-

cancer, anti-inflammatory, antioxidant and antivi-

ral agents [14–16]. In a complex, when selenium is 

near the heteroatom, it contributes to the intermo-

lecular and intramolecular interactions. These in-

teractions stabilize the organoselenium complex 

and sometimes also contribute to the biological 

activity of these compounds [17].  

Organoselenium compounds have great po-

tential as antioxidants [18]. Selenium controls the 

function of the GPx enzyme, which is involved in 

antioxidant activity. GPx neutralizes reactive oxy-

gen species in order to reduce the oxidative stress, 

thus protecting the cellular integrity [19]. Selenium 

compounds are important in the maintenance of the 

redox balance of the cellular environment. On the 

other hand, selenium levels that are higher than the 

homeostatic requirements are toxic for living or-

ganisms. This is because organic or inorganic sele-

nium compounds act as electrophiles, which oxi-

dize high and low molecular weight thiols and 

cause oxidative stress [9].  

When the selenium compounds are com-

bined with some cytotoxic drug, they have tremen-

dous chemotherapeutic and antitumor efficacy. The 

selenium compound diphenylmethyl selenocyanate 

(DMSE) sensitizes tumor cells and can induce 

apoptosis alone or in combination with cyclophos-

phamide [20]. Therefore, selenium and orga-

noselenium compounds are now being used as an-

tioxidants and anticancer agents. The present study 

was done with the hope of synthesizing new N-

heterocyclic complexes and organoselenium prod-

ucts to obtain better antioxidant and anticancer 

agents. The selenium compounds were synthesized 

from imidazolium salt precursors and were evalu-

ated for their antioxidant and anticancer activity. 

 
2. RESULTS AND DISCUSSION 

 

2.1. Synthesis 

 

First, efforts were made to prepare N-

alkylated imidazole by reaction of imidazole and 

phenoxyacetyl chloride in dimethyl sulfoxide 

(DMSO) in the presence of a strong base (KOH). 

The following reaction was predicted (Scheme 1).

 

 

 
 

Scheme 1. Attempt to synthesize the step I product (intermediate) for the synthesis of salts 



Synthesis of new organoselenium compounds: characterization and biological studies 

Maced. J. Chem. Chem. Eng. 39 (1), 1–10 (2020) 

3 

Despite several attempts, product A given in 

Scheme 1 could not be obtained. Therefore, it was 

suggested that the given pathway is not suitable for 

the formation of the product and some other proce-

dure should be followed. Furthermore, it was spec-

ulated that in the presence of a strong base, the 

carbonyl group reacts with imidazole; hence, the 

required product was not formed [21]. Product I 

was designed (Scheme 2) because it could lead to 

the formation of azolium salts II and IV. Salt IV 

was found to be very hygroscopic since it absorbed 

onto the filter paper within three days. Further-

more, organoselenium products III and V were 

synthesized by incorporation of selenium into II 

and IV. The pathway for the synthesis of all the 

products is given in Scheme 2. 
 

 

 
 

Scheme 2. Synthesis of azolium salts II and IV and the respective organoselenium compounds III and V 
 

 

2.2. Characterization 

 

Strong electrostatic forces exist between the 

molecules of ionic compounds, leading to higher 

melting points. In organic compounds, polarity and 

H-bonding are the major causes of the higher melt-

ing points. For the synthesized products, the boil-

ing point of II ranged from 143 °C to 145 °C. Af-

ter selenium incorporation, liquid salt II was con-

verted into solid organoselenium product III, with 

a melting point of 234–236 °C. The substantial 

change in the state of the product while going from 

II to III indicated the formation of a new product. 

For product IV, the melting point range was 235–

237 °C, while for its respective organoselenium 

compound V it was 162–164 °C. This reduction in 

melting point lead to the product changing its na-

ture from polar IV to non-polar V. 

The λmax for product II was 300 nm, while 

for organoselenium compound III it was 330 nm 

(UPLC-PDA/UV, 223.8 nm and 260.5 nm, Fig. 1). 

In addition, the absorption pattern above 480 nm 

was similar. Salt IV had an absorption maximum 

at 330 nm, while its respective selenium compound 

V had an absorption maximum at 350 nm (UPLC-

PDA/UV, 260.5 nm and 227.3 nm, Figure 2, Sup-

plementary file, Figs. S1–S2). Furthermore, the 

absorption pattern for each salt was different from 

its resulting organoselenium product, possibly in-

dicating a successful synthesis. 

In the region of 1400–1750 cm–1 in the Fou-

rier-Transform Infrared (FT-IR) spectra, the vibra-

tional bands of the ligands (Figs. S3, S5) were dif-

ferent from the vibrational bands of the Se–NHC 

compounds (Figs. S4, S6) [18, 21, 22]. The at-

tachment of selenium was confirmed by the peak at 

around 1457 cm–1, which was given by selenium. 

A peak appeared at 1235 cm–1 in the spectrum of 

product III, which was due to the C=Se stretching 

[22]. The phenolic C–O peak shifted from 1295 

cm–1 to 1291 cm–1. There were some new bands in 

the range of 700–1100 cm–1, which were not pre-

sent in the spectrum of the ligand. Furthermore, 

CH2 bending, which is at 1490 cm–1 in Figure S3, 
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shifted to 1440 cm–1 in the organoselenium com-

pounds. This shifting of the band up to 50 cm–1 

indicates that CH2 was no longer involved in the 

conjugation. The multiple broad peaks from 2600 

to 3400 cm–1 due to the azolium ion (Fig. S5) dis-

appeared in the spectrum of product V (Fig. S6), 

which indicates the attachment of selenium. This 

was further confirmed from the band at 1457 cm–1, 

which exhibits the presence of selenium. There 

was a negative shift for the CH2 bending peak, 

which moved from 1574 cm–1 to 1507 cm–1, show-

ing that the conjugation disappeared as the lone 

pair of electrons of the carbene made a bond with 

selenium. For the aromatic amine, the band shifted 

from 1295 cm–1 to 1235 cm–1. 

In the 1H NMR spectrum of product III (Fig. 

S7), the singlet peak at 3.37 ppm is given by the 

methylene protons [23]. This upfield value is due 

to the presence of the CH2 between the two rings. 

The triplet at 6.93–6.96 ppm is due to two aromatic 

CH groups. The multiplet at 7.28–7.32 ppm shows 

the presence of a benzene ring in the structure. The 

absence of a peak at around 8.6–9.5 ppm shows the 

attachment of selenium on the carbene carbon of 

the imidazole ring [24]. The 1H NMR spectrum of 

product V (Fig. S8) shows a signal at 3.38 ppm, 

which is given by CH2. The singlet at 7.09 ppm 

and the multiplet at 7.31–7.28 ppm belong to ben-

zene and imidazole rings, respectively. The ab-

sence of a peak between 8.6 ppm and 9.5 ppm 

shows that delocalization of the imidazole ring 

electrons disappeared, indicating that selenium is 

attached to the carbene center. In the 13C NMR 

spectrum of the organoselenium compounds, the 

peak at around 163.1 ppm is due to the C–Se bond, 

which indicates the formation of the expected or-

ganoselenium products [21, 22]. 

Ultra-performance liquid chromatography-

mass spectrometry/photodiode array (UHPLC-

MS/PDA) analysis was carried out to assess the 

ionic molecular peaks of each Se–NHC compound 

(III and V). The molecular masses were found to 

be close to the proposed molecular structures. The 

spectral features are shown in Figures 1–2. 
 
 

 
Fig. 1. Ultra-high performance liquid chromatography-mass spectrometry/photodiode array (UPLC-MS/PDA) analysis of Se–NHC 

compound III. a) Major UPLC peak of compound III, and the window labelled with UPLC-PDA/UV indicates a simultaneous UV 

spectrum of the UPLC peak for compound III. b) 3D plot of time, intensity, and wavelength. c) Molecular ionic peaks of MS  

and d) 3D plot of time, intensity, and m/z ratio. 
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Fig. 2. Ultra-high performance liquid chromatography-mass spectrometry/photodiode array (UPLC-MS/PDA) analysis of Se–NHC 

compound V. a) Major UPLC peak of compound V, and the window labelled with UPLC-PDA/UV indicates a simultaneous UV 

spectrum of the UPLC peak for compound V. b) 3D plot of time, intensity, and wavelength. c) Molecular ionic peaks of MS  

and d) 3D plot of time, intensity, and m/z ratio. 
 

 

2.3. Biological activity 

 

2.3.1. Antioxidant activity 

 

The antioxidant activity of the synthesized 

compounds is given in Figure 3. The radical scav-

enging activity of a compound depends upon the 

electron rich environment in the scavenging mole-

cule or the delocalization of the free electrons over 

the entire molecule [25]. Figure 3 shows a compar-

ison of the antioxidant activity of the synthesized 

compounds. It demonstrates that salts are more 

potent antioxidants than their organoselenium 

compounds. 
 

 

 
 

Fig. 3. Comparison of the antioxidant activity of the synthesized products 
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Thus, products II and IV show better activi-

ty. Product II is still better than product IV due to 

the presence of phenoxy and carbonyl groups, 

which are more active than the benzyl group pre-

sent in IV. If the results are compared for both or-

ganoselenium products, i.e., III and V, III shows 

better radical scavenging activity than V due to the 

same reason. 

 

2.3.2. Anticancer activity 
 

Today, cancer is the leading cause of death 

worldwide [26, 27]. According to an estimate in 

2020, 1.8 million cancer cases and 0.60 million 

cancer deaths are expected in the United States of 

America alone [28]. Consequently, drug develop-

ment for the cure of cancer is one of the leading 

trends in medicinal chemistry [29, 30]. The de-

crease in the survivability of the cancer cells in a 

synthesized sample ultimately exhibits the better 

anticancer activity of that particular compound. 

Figure 4 presents the comparison of anticancer ac-

tivity as the percent viability of the synthesized 

products compared to that of the control. The re-

sults show that compounds II and III are better 

anticancer agents since cancer cells have less via-

bility in the presence of these two compounds, 

with 40.52 % and 34.45 % viability, respectively, 

while compounds IV and V are moderately cyto-

toxic, with 64.7 % and 74.6 % cell viability, re-

spectively. This may be due to the size and sym-

metry of the substitution on the nitrogen of the N-

heterocyclic ring [31, 32]. If the substituted mole-

cule is larger, it is less symmetric and has greater 

cytotoxicity [33]. Hence, compounds II and III are 

the compounds with phenoxyacetyl group as N-

substitution which contains additional acetyl group 

in addition to benzene ring making molecule bio-

logically more significant. 

 

 
 

Fig. 4. Comparison of the anticancer activity of the synthesized products 
 

 

3. EXPERIMENTAL 

 

3.1. Materials and methods 

 

All chemicals were used as received. The 

melting and boiling points of the synthesized com-

pounds were determined using a Sanyo Gallen-

kamp MPD350 melting point apparatus. The λmax 

values were calculated by ultraviolet-visible (UV–

vis) spectrophotometry (AE-S60 spectrophotome-

ter). FT-IR spectral patterns were plotted with an 

attenuated total reflection (ATR)-based instrument, 

while 1H NMR was recorded with a Bruker 300 

MHz Ultrasheild spectrometer with DMSO-d6 or 

deuterated chloroform (CDCl3) as solvents. The 

molecular masses were calculated through the 

UHPLC-MS/PDA (Waters, USA) equipped with 

an electrospray ionization (ESI) mass spectrome-

ter. The instrumental conditions were optimized at 

a capillary voltage of 0.8 KV for both (possitve 

and negative) ionization modes and at a cone volt-

age of 15 V for both positive and negative scan 

modes, with scanning at a broad range of 300–700 

Da. For chromatography, the mobile phase was a 

mixture of methanol and water (80:20), with a flow 

rate of 0.3 ml/minute and octadecylsilyl (ODS) 
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column (50 × 1.5 mm, 1.7 µm). Data were pro-

cessed through Empower 3.0 software and present-

ed in terms of the chromatogram for the total ion 

current (TIC), and the spectrum of both UV–

visible spectra and mass spectra were obtained at 

major peaks. 

 

3.2. Synthesis of salts 
 

3.2.1. Synthesis of 1,1'-(1,2-

phenylenebis(methylene))bis(3-(2-phenoxyacetyl)-

1H-imidazol-3-ium) chloride (II) 
 

Imidazole (29.4 mmol, 2.0 g) was dissolved 

in 25 ml of DMSO, and KOH (57.9 mmol, 3.25 g) 

was added. After 30 minutes of stirring, α,α̍-

dibromo-o-xylene (14.5 mmol, 3.82 g) was added 

and the mixture was refluxed for 8 hours. The re-

fluxed product was added to 300 ml of water. After 

24 hours, N-alkylated product I was recovered. 

Finally, alkylated product I (11 mmol, 2.64 g) was 

taken and phenoxy acetyl chloride (29.0 mmol, 

4.96 g) was added and refluxed in 40 ml of 1,4-

dioxane. The obtained solution was evaporated in 

at fume hood to recover NHC-containing ligand II 

as a thick honey-like fluid. Boiling point 143–145 

°C, λmax 300 nm, yield 76 % (5.25 g). FT-IR (ATR, 

νmax, cm–1); 691 (mono-substituted benzene), 754 

(o-disubstituted benzene), 1174 (C–Oester), 1208 

(aromatic amine), 1295 (C–Ophenolic), 1490 (CH2 

bending, s), 1548 (C=N+ conjugating), 1595 (N–

C=O stretching, s), 1735 (C=O stretching, s) [34], 

2400–3050 (multiple broad peaks of ammonium 

ion), 3056 (C–Harom or benzene), 3132 (C–H 

stretching in imidazole). Anal. Calc. for 

C30H28Cl2N4O4: C, 53.91; H, 4.22; N, 8.38. Found: 

C 54.05, H, 4.24; N, 8.40.  

 

3.2.2. Synthesis of 1,1'-(1,2-

phenylenebis(methylene))bis(3-benzyl-1H-

imidazol-3-ium) chloride (IV) 
 

Compound I (8.39 mmol, 2.0 g) was dis-

solved in 50 ml of acetonitrile. Then, benzyl chlo-

ride (16.6 mmol, 2.11 g) was added. After 8 hours 

of stirring, the obtained solution was filtered to 

recover the white paste-like product IV. Melting 

point 235–237 °C, λmax = 330 nm, yield = 72 % 

(4.97 g). FT-IR (ATR, νmax, cm–1); 713 (mono-

substituted benzene), 754 (disubstituted benzene), 

1295 (aromatic amine), 1543 (CH2 bending), 1574 

(C–C aromatic), 1625 (C–C), 1650 (C–N), 2600–

3400 (ammonium ion, multiple broad peaks), 2819 

(C–H aliphatic), 2849 (C–CH2), 3050 (benzene), 

3125 (C–H imidazol), 3360 (H2O). Anal. Calc. for 

C28H28Cl2N4: C, 68.43; H, 5.74; N, 11.40. Found: 

C, 68.54; H, 5.77; N, 11.42.  

 

3.3. Synthesis of organoselenium compounds 

 

3.3.1. Synthesis of compound (1,1'-(3,3'-(1,2-

phenylenebis(methylene))bis(2-selenoxo-2,3-

dihydro-1H-imidazole-3,1-diyl))bis(2-

phenoxyethanone)) (III) 
 

Salt II (1.64 mmol, 1.0 g) was mixed in 50 

ml of distilled water in a round bottom flask. Then, 

Na2CO3 (6.56 mmol, 0.69 g) and selenium (4.92 

mmol, 0.39 g) were added. After refluxing for 3 

hours, the hot solution was filtered. The residue 

was washed with chloroform and then evaporated 

to obtain organoselenium product IV as a white 

powder. Melting point 159–161 °C, λmax = 330 nm, 

yield = 75 % (0.82 g). FT-IR (ATR, νmax, cm–1); 

736 (mono-substituted benzene), 751 (o-disub-

stituted benzene), 1235 (C=Se stretching), 1291 

(C–Ophenolic), 1440 (CH2 stretching), 1457 (Se), 

1700 (C=O, w), 3116 (C–Harom stretching imidaz-

ole ring). 1H NMR (300 MHz, DMSO-d6) δ ppm; 

3.37 (s, 4H, 2 × CH2), 5.32 (s, 4H, 2 × CH2-O), 

6.96–6.93 (t, 4H, 4 × CHarom), 7.09 (s, 2H, 2 × 

CHarom), 7.31–7.28 (q, J1 = 9 Hz, J2 = 2.4 Hz, 2H, 2 

× CHarom), 7.71 (s, 2H, 2 × CHarom). 13C NMR (75 

MHz, DMSO-d6) δ ppm: 34.6 (2 × CH2–N), 46.9 

(s, CH2–O), 120.0 (2 × CHarom), 130.4 (CHarom), 

138.6 (CHarom), 164.5 (s, C–Se). UPLC-MS 

[CH3CN]: m/z [M+1]+ = 665.02 (96.3 %). Calcu-

lated for [C30H27N4O4Se2]+ and found 664.98. UV–

vis λmax: 260.5, 223.8 nm. Anal. Calc. for 

C30H26N4O4Se2: C, 54.23; H, 3.94; N, 8.43. Found: 

C, 54.05; H, 3.94; N, 8.40. 

 

3.3.2. Synthesis of compound (3,3'-(1,2-

phenylenebis(methylene))bis(1-benzyl-1H-

imidazole-2(3H)-selenone)) (V) 
 

Compound IV (2.03 mmol, 1.0 g) was 

mixed in 50 ml of distilled water in a round bottom 

flask. Then, Na2CO3 (9.2 mmol, 0.97 g) and sele-

nium (6.09 mmol, 0.48 g) were added and the reac-

tion mixture was reflux for about 3 hours and fil-

tered. The residue was washed with chloroform 

and the solvent was evaporated to obtain white 

crystalline organoselenium product V. Melting 

point 162–164 °C, λmax = 350 nm, yield = 82.5 % 

(1.41 g). FT-IR (ATR, νmax, cm–1); 732 (mono-

substituted benzene), 747 (disubstituted benzene), 

1235 (C=Se stretching), 1457 (Se), 1507 (C–Carom 

stretch), 2922 (benzene ring), 3112 (C–H imidaz-

ole stretching). 1H NMR (300 MHz, DMSO-d6) δ 
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ppm; 3.38 (s, 4H, 2 × 1CH2–N), 5.32 (s, 4H, 2 × 
2CH2), 6.934–6.96 (t, 4H, 4 × CHarom), 7.09 (s, 2H, 

2 × CHarom), 7.31–7.28 (q, J1 = 9Hz, J2 = 2.4 Hz, 

2H, 2 × CHarom), 7.71 (s, 2H, 2 × CHarom). 13C 

NMR (75MHz, DMSO-d6) δ ppm: 38.7 (Ar–CH2–

N), 46.2 (CH2–Ar), 120.2 (2 × CHimidazole), 128.4–

129.2 (CHaromatic), 135.7 (CHbenzyl), 163.08 (s, C–

Se). MS (ESI) [CH3CN]: m/z [M+1]+ = 577.21. 

Calculated for [C28H27N4Se2]+ and found 577.23. 

UV–vis: λmax: 260.5, 227.3 nm. Anal. Calc. for 

C28H26N4Se2: C, 58.34; H, 4.55; N, 9.72. Found: C, 

58.12; H, 4.54; N, 9.68.  

 

3.4. Antioxidant study 
 

The antioxidant activity or the radical scav-

enging potential of the synthesized products (II, 

III, IV and V) were evaluated in terms of radical 

scavenging or hydrogen donating ability. For this 

purpose, 1,1-diphenyl-2-picrylhydrazyl (DPPH) 

was used as the reagent, which is a stable radical 

since the electrons delocalize over the entire mole-

cule [35]. The DPPH molecule requires an addi-

tional electron to become a stable molecule (pale 

violet color), suggesting that the tested product is 

an anti-oxidizing agent [36].  

 

3.5. Anticancer activity 
 

The cytotoxicity of all products was evaluated 

against MCF-7 breast cancer cells. These cells were 

cultured under optimal incubator conditions in Dul-

becco’s Modified Eagle’s Medium (DMEM). The 

medium was further supplemented with streptomycin 

(100 µg/ml), penicillin (100 units/ml), and 10 % fetal 

bovine serum. The culture was maintained at 37°C 

and was supplied with 5 % CO2. A 0.05 % solution 

of the synthesized compounds was prepared in 

DMSO, which was then added to the wells contain-

ing the cell culture [37].  

After addition of the products to the cell cul-

ture, the microtitre plate was left over night. Then, 

50 μl of the 3-(4,5-dimethylthiazol-2-Yl)-2,5-

diphenyltetrazolium bromide (MTT) lysis solution 

(DMSO) was added to each well, and the plate was 

further incubated for about 10 minutes. Finally, the 

absorbance of the samples was recorded at 490 nm 

with a standard ELIZA reader. The data was ana-

lyzed to assess the effects of the test substances on 

cell viability [38]. 

 
4. CONCLUSION 

 

New bis-imidazolium salts and their corre-

sponding organoselenium compounds were synthe-

sized and characterized by UV–vis, FT-IR and 1H 

and 13C NMR spectroscopy. The antioxidant activi-

ty of the synthesized products was checked against 

the DPPH radical. The results showed that the bis-

imidazolium salts have better activity than the cor-

responding organoselenium compounds. The anti-

cancer activity was evaluated against MCF-7 (hu-

man breast adenocarcinoma cell line) using the 

MTT assay. All products were moderately active 

against cancer cells, but organoselenium product 

III showed the best results. Hence, imidazolium 

salts showed the best antioxidant activities due to 

the presence of acidic hydrogen, whereas orga-

noselenium compounds showed the best anticancer 

activity, probably due to the presence of selenium. 
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