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I N T R O D U C T I O N

The applications of imidazolium salts are growing steadily
in various fields of chemistry [1-4]. Imidazolium salts substi-
tuted with alkyl chains and various functional groups are now
being utilized for chemical, technological and biological appli-
cations, some of which include reaction media, chemical sensors,
gelators, antimicrobial agents, carbene precursors, electroactive
devices, nanoparticle stabilizers, etc. [5-22]. To date a large
number of attempts have been reported on mono and dicationic
imidazolium salts for variety of applications. But still limited
information available about the polycationic imidazolium salts
and their applications, some of which include reaction media,
stationary phases, catalysts, carbene precursors, nanoparticles
capping agents and biological agents [20,23-47]. Recently, the
use of polycationic imidazolium salts and their hydrogels as

In present strudy, the synthesis and characterization of monocationic
1,3-tetradecylimidazolium; [(C14)2Im]Br and tricationic benzene
centered tris-tetradecyl/hexadecyl imidazolium bromide salts; i.e.
[(C14)3C6H3Im]Br3 and [(C16)3C6H3ImBr]Br3 is reported. The stabilizer
role of imidazolium salts to prepare silver nanoparticles (AgNPs) via
chemical reduction method was investigated. To understand the reaction
medium effect on the size and morphology control of AgNPs, monophasic
(aqueous medium) and biphasic (DCM/H2O) approaches were applied.
The morphology control was noticed for AgNPs protected with
[(C14)3C6H3Im]Br3 (show sphere like morphology) and [(C14)2Im]Br
(show dendritic structures) via biphasic approach. A clear variation in
the size and morphology of AgNPs was noticed by varying the type
of stabilizers and reaction medium. It was also observed that AgNPs
were formed and stabilized only in aqueous medium in both approaches,
thus it is assumed that AgNPs surfaces were protected by imidazolium
salts with bilayer fashion. Anticancer activity of imidazolium salts
was performed by MTT assay against HeLa cancer cell lines. The result
shows that cytotoxic activity of tricationic [(C14)3C6H3Im]Br3 was more
potent than that of monocationic [(C14)2Im]Br. The outcome suggests
that there is an urgent need to develop new polycationic imidazolium
salts for various chemical and medicinal applications.
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stabilizers for silver nanoparticles and silver dendritic structures
has been reported by Rondla et al. [48]. In continuation of our
work to develop new polycationic imidazolium salts to under-
stand their stabilizer role for AgNPs by using different reaction
media and as well as to examine their cytotoxic activity against
the HeLa cancer cell lines by MTT assay. Herein, the synthesis
of monocationic and tricationic imidazolium bromide salts viz.
[(C14)3C6H3Im]Br3 and [(C16)3C6H3ImBr]Br3 is reported. The
stabilizer role of synthesized imidazolium salts for AgNPs by
chemical reduction method is also presented. The size and
morphology control of AgNPs by applying monophasic and
biphasic approaches using H2O and DCM/H2O, respectively
and the cytotoxic activity result of imidazolum salts against
HeLa cells by MTT assay are also described.

E X P E R I M E N T A L

Analytical reagent grade chemicals were purchased and
used in this study. 1H NMR spectra were recorded on Brucker
spectrometer (400 MHz). The IR spectra were recorded on
Perkin-Elmer 337 spectrophotometer. The UV-Vis absorption
spectra of AgNPs stabilized with imidazolium salts were recorded
by Shimadzu UV-2600 spectrophotometer. The morphology
images of AgNPs were recorded by using scanning electron
microscope-SEM with operating voltage of 20 kV.

Synthesis: In present study, neutral 1-tetradecyl imidazole
[C14-Im], monocationic 1,3-di(tetradecyl)imidazolium bromide
[(C14)2Im]Br and tricationic benzene centered tris-tetradecyl/
tris-hexadecyl imidazolium bromide salts viz. [(C14)3C6H3Im]Br3

and [(C16)3C6H3ImBr]Br3 had been synthesized with NaOH base
as reported method [4,18,48]. All the products were obtained
in high yield. However, the use of K2CO3 base was examined
to synthesize C14-Im, which yields a major product of symm-
etrical [(C14)2Im]Br salt and the neutral [C14-Im] compound
was obtained in very low yield. The schematic representation
of synthetic procedure is shown in Scheme-I.

Synthesis of [(C14)3C6H3Im]Br3 and [(C16)3C6H3Im]Br3:
Imidazole (1 g, 0.014 M) was dissolved in 30 mL of tetrahydro-
furan (THF) and few NaOH pellets were added. The reaction

mixture was stirred at room temperature for 30 h. After that
3.6 mL of tetradecylbromide (C14H29Br) was added and stirred
for additional 15 h. The precipitated NaBr was then removed
by filtration and the filtrate was extracted two times by using
dichloromethane (DCM)/H2O and dried over anhydrous MgSO4.
The yellow liquid product of tetradecylimidazole (C14-Im) was
obtained upon evaporation of the solvent by using rotary evapo-
rator. In the next step, [C14-Im] and 1,3,5-tris(bromomethyl)-
benzene (3:1 ratio) were added in 15 mL of acetone. The reaction
mixture was stirred for 3 h at room temperature. The white
crystalline product was collected and removed the solvent.
The similar method was followed for the synthesis of [C16-Im]
and [(C16)3C6H3Im]Br3.

Synthesis of [(C14)2Im]Br: Imidazole (1 g, 0.014 M, 1
equiv.) was dissolved in 30 mL of acetone and 1.824 g of K2CO3

(0.9 equiv.), 3.6 mL of C14H29Br (0.9 equiv.) were added. The
reaction mixture was allowed for reflux at 55 ºC for 30 h. The
reaction mixture was then filtered to remove precipitated KBr.
The acetonic filtrate was concentrated to 2.5 mL by using rotary
evaporator, which on cooling affords a white solid product
(slightly viscous). The product was washed two times by DCM/
H2O. The DCM layer was concentrated and kept at room temp-
erature, which results a solid. Hexane was added to the solid
to remove unreacted RBr, but initially the solid was completely
dissolved in hexane. The dissolved hexane mixture was then
kept in ice bath and stirred for 2 h. After that the white solid
product [(C14)2Im]Br was precipitated, which was collected
by filtration. The hexane filtrate was concentrated to reduce
volume which contains neutral [C14-Im].

It is to be noted that instead of the expected single yellow
liquid product of neutral tetradecylimidazole [C14-Im], we have
obtained a white solid of [(C14)2Im]Br salt as major product in
this method.

Synthesis of AgNPs by chemical reduction method via
monophasic (H2O) and biphasic (DCM/H2O) approaches:
In this study, AgNPs were prepared by the chemical reduction
method with NaBH4 as reducing agent. To prepare AgNPs,
the monophasic and biphasic approaches were performed
under aqueous and DCM/H2O media respectively.
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Scheme-I: Schematic illustration of the synthesis of neutral 1-tetradecylimidazole, 1,3-ditetradecylimidazolium bromide and benzene centered
tris-tetradecyl/hexadecyl imidazolium bromide salts
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Preparation of AgNPs via biphasic medium (DCM/
H2O) using [(C14)3C6H3Im]Br3 salt: A [(C14)3C6H3Im]Br3 salt
(0.1149 g, 2 mmol) dissolved in 50 mL DCM was taken in
round-bottom flask and 10 mL of 1 mmol aqueous AgNO3

was added dropwise and allowed for stirring for 30 min at room
temperature. Afterwards, 0.019 g, 2 mmol of NaBH4 was added
dropwise until the colourless solution appears in yellow, which
is an indicative of the formation of AgNPs. Initially, obtained
AgNPs were dispersed in all over the biphasic system, where
the brown colour was appeared for DCM and yellow colour
was appeared for water phase. This biphasic mixture was
transferred into separating funnel and shaken vigorously for
2 min and allowed to stand until the two layers were separated.
The AgNPs stabilized with [(C14)3C6H3Im]Br3 salt; denoted as
(C14)3@AgNPs were completely transferred into the upper
aqueous phase and the down DCM layer become clear. The
similar procedure was applied to prepare AgNPs by using
[(C16)3C6H3Im]Br3 and (C14)2-ImBr salts as stabilizers.

Preparation of AgNPs via monophasic medium (H2O)
using [(C14)3C6H3Im]Br3 salt: A (C14)3C6H3Br3 (5 mL, 2 mM)
in water and 60 mL of 2 mM aqueous AgNO3 solution was
mixed and allowed for stirring for 20 min. After that, 4 mM,
an ice cold aq. NaBH4 was added dropwise until the solution
turns brown and the stirring was continued further for 30 min
until the colourless solution appears brown, which is an
indicative of the formation of AgNPs. The synthesized AgNPs
were extracted from the aqueous medium by centrifugation at
13000 rpm for 20 min. The obtained AgNPs were washed with
double distilled water to remove excess of imidazolium salt
and other soluble impurities. The similar procedure was applied
to prepare AgNPs by using [(C16)3C6H3Im]Br3 and (C14)2-ImBr
salts as stabilizers. The synthesized AgNPs were extracted from
the aqueous medium by centrifugation at 13000 rpm for 20
min at room temperature.

MTT assay: For anticancer study, HeLa cancer cell lines
were purchased from The National Centre for Cell Science
(NCCS), Pune, India. The chemicals DHEM, MTT, PBS, FBS
and trypsin were purchased from Sigma Chemicals Co/Gibco.
Anticancer activity of the synthesized compounds was tested
in Synteny Lifesciences Pvt. Ltd. Hyderabad, India. Anticancer
activity of monocationic 1,3-ditetradecylimidazolium bromide;
[(C14)2Im]Br and benzene centered tris-tetradecylimidazolium
bromide salt; [(C14)3C6H3Im]Br3 was evaluated against HeLa
cancer cell lines by MTT assay [49].

R E S U L T S A N D   D I S C U S S I O N

Spectral analysis: The 1H NMR spectra of the neutral
1-tetradecyl-1H-imidazole [C14-Im]; 1,3-ditetradecylimida-
zolium bromide [(C14)2Im]Br and benzene centered tris-tetra-
decylimidazolium bromide  [(C14)3C6H3Im]Br3 with the typical
chemical shift values (δ ppm) for protons in various chemical
environments are shown in Figs. 1-3, respectively. The mass
spectra of 1,3-ditetradecylimidazolium bromide and benzene
centered tris-imidazoliumbromide salt shows the correspon-
ding molecular ion peaks [M]+ at m/z 461 and [M]+3 at m/z
303 (Figs. 4 and 5), respectively.

AgNPs stabilized with mono and tricationic imidazolium
salts under aqueous (monophasic approach) and DCM/H2O

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

N

N1-tetradecyl-1 -imidazoleH

Fig. 1. 1H NMR spectrum of 1-tetradecyl-1H-imidazole [48]. 1H NMR
(ppm, CDCl3): δ = 7.46 (s, 1H, CH), 7.05 (s, 1H, CH), 6.90 (s, 1H,
CH), 3.91 (t, 3J = 7Hz, 2H, CH2), 1.76-1.80 (m, 2H, CH2), 1.22-
1.29 (m, 22H, CH2), 0.88 (t, 3J = 7Hz, 3H, CH3)
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N

N
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Fig. 2. 1H NMR spectrum of 1,3-ditetradecylimidazolium bromide. 1H
NMR (ppm, CDCl3) δ = 10.74 (s, 1 H, CH), 7.24 (s, 2 H, CH), 4.35
(t, 3J = 7 Hz, 4 H, CH2), 1.90 (m, 3J = 7 Hz, 4 H, CH2), 1.24-1.32
(m, 44H, CH2), 0.86 (t, 3J = 7 Hz, 6H, CH3)
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Fig. 3. 1H NMR spectrum of benzene centered tris-tetradecylimidazolium
bromide salt [48]. 1H NMR (ppm, CDCl3): δ = 10.4 (s, 3H, CH),
8.6 (s, 3H, CH), 8.1 (s, 1H, CH), 8.0 (s, 1H, CH), 7.7 (s, 1H, CH),
7.2 (s, 3H, CH), 5.6 (s, 6H, CH2), 4.2 (t, 3J = 7Hz, 6H, CH2), 1.9 (s,
12H, CH2), 1.2-1.35 (m, 60H, CH2), 0.9 (t, 3J = 7Hz, 9H, CH3)

medium (biphasic approach): In this study, a role of mono
and tricationic imidazolium salts as stabilizers for the synthesis
of AgNPs via chemical reduction method by using monophasic
(H2O) and biphasic medium (DCM/H2O) approaches were also
examined. For ease of understanding, AgNPs stabilized with
[(C14)3C6H3Im]Br3, [(C14)2C6H3Im]Br3 and [(C14)3-Im]Br were
denoted as (C14)3@AgNPs, (C16)3@AgNPs and (C14)2@ AgNPs
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Fig. 4. Mass spectrum of 1,3-ditetradecylimidazolium bromide shows the
corresponding molecular ion peak [M]+ at m/z 461
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Fig. 5. Mass spectrum of benzene centered tetradecyl substituted tris-
imidazolium bromide [48] salt shows the corresponding molecular
ion peak [M]+3 at m/z 303

respectively. The characterization of AgNPs was carried out
by UV-vis spectroscopy, SEM and EDAX analysis.

The appearance of yellow/brown coloured solution during
the chemical reduction was the first indicative of formation of
AgNPs in both approaches. It is important to note that in the
biphasic (DCM/H2O) approach the AgNPs were formed initially
in DCM layer. After sometime the nanoparticles were compl-
etely transferred into aqueous layer as shown in Fig. 6a. This
phenomenon was noticed with all imidazolium stabilizers. The
UV-vis spectra of (C14)3@AgNPs, (C16)3@AgNPs and (C14)2@
AgNPs shows the characteristic SPR bands for AgNPs around
420 nm (shown in Figs. 6b, 7a,b and 8a respectively)

The SEM image of (C14)3@AgNPs obtained by aqueous
medium (monophasic approach) shows ~100-800 nm sized
AgNPs with spherical and nanoprism morphology (Fig. 6d)
[48]. In case of (C16)3@AgNPs, slightly smaller sized AgNPs
(~50-500 nm) with spherical shape (Fig. 7c) was observed.
The SEM morphology image of (C14)2@AgNPs obtained in
aqueous medium shows majority of micro sized Ag particles
with irregular shapes (Fig. 8c). In the EDX spectra of (C14)3@
AgNPs, the peak at 3 kev (Fig. 6c) confirmed the formation of
AgNPs.

The SEM image of (C14)3@AgNPs obtained via DCM/
H2O medium (biphasic approach) shows ~100-500 nm sized
AgNPs with sphere like morphology (Fig. 6e). While in case
of (C16)3@AgNPs micro sized cubic and irregular shaped Ag
particles (Fig. 7d) were observed. The SEM image of (C14)2@
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Fig. 6. a) Transfer of AgNPs from DCM layer to aqueous layer; b) (C14)3@AgNPs exhibits SPR band at 420 nm; c) EDX spectra of (C14)3@AgNPs
shows the peak at 3 keV, confirms the AgNPs d) SEM images of (C14)3@AgNPs obtained in aqueous medium shows spherical and
nanoprism morphology [48]; and e) SEM image of C14)3@AgNPs obtained in DCM/H2O medium shows sphere like morphology
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Fig. 7. a) & b) (C16)3@AgNPs obtained via mono phasic and bipjasic approaches exhibits SPR bands around 420 nm; c) SEM images of
(C16)3@AgNPs obtained in aqueous medium shows spherical morphology; and d) SEM image of C16)3@AgNPs obtained in DCM/
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Fig. 8. a) (C14)2@AgNPs exhibits SPR bands at 400 and 440 nm, possibly due to the agglomerated AgNPs; b) EDX spectra of (C14)2@AgNPs
exhibits the peak at 3 keV, which indicates the silver metallic structures; c) SEM images of (C14)2@AgNPs obtained in aqueous
medium shows irregular shaped microparticles; and d) SEM image of (C14)2@AgNPs obtained in DCM/H2O medium shows silver
dendritic morphology
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AgNPs obtained via biphasic approach shows dendritic Ag
nanostructures (Fig. 8d) with the length of ~1 µm. The EDX
spectra of (C14)2@AgNPs obtained in aqueous medium shows
the peak at 3 kev (Fig. 8b), which indicates the formation of
metallic AgNPs.

The results show that the AgNPs obtained via biphasic
approach were completely transferred into aqueous layer (Figs.
6a and 9a) and thus in all the experiments AgNPs were obtained
in the water irrespective of the type of approach. Possibly the
AgNPs surfaces are protected by the imidazolium salts in bilayer
fashion [49] as shown in Fig. 9b. There is a clear variation in
the size and morphology of AgNPs by varying the type of
stabilizers and as well as reaction medium. One could achieve
the morphology control of AgNPs for (C14)3@AgNPs and (C14)2

@AgNPs by varying the reaction medium. Because (C14)3@
AgNPs obtained via monophasic approach (H2O) shows spherical
and nanoprism morphology, whereas they show uniform sphere
like morphology via biphasic medium (DCM/H2O). On the other
hand, (C14)2@AgNPs with irregular morphology obtained via
monophasic approach, whereas the dendritic structures were
obtained via biphasic approach.

a) b)
Imidazolium

head 
group

Alkyl chains

Fig. 9. a) Transfer of AgNPs from DCM layer to aqueous layer in the
biphasic approach; b) Proposed bilayer fashion of imidazolium salt
protected AgNPs

Cytotoxic effect of mono and tricationic imidazolium
salts by MTT assay: Anticancer activity of monocationic 1,3-
ditetradecylimidazolium bromide [(C14)2Im]Br and tricationic
benzene centered tris-tetradecylimidazolium bromide salt
[(C14)3C6H3Im]Br3 was evaluated against HeLa cancer cell lines
by MTT assay [50]. The monocationic [(C14)2Im]Br and tri-
cationic [(C14)3C6H3Im]Br3 compounds show IC50 values 39.08
(µg/mL) and 22.7 (µg/mL), respectively (Tables 1 and 2). The
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Fig. 10.Graphical representation of cytotoxic effect of [(C14)2Im]Br (a) and [(C14)3C6H3Im]Br3 (b) compounds on HeLa cells and the comparison
chart (c)

TABLE-1 
RAW DATA OF CYTOTOXIC EFFECT OF [(C14)2Im]Br COMPOUND ON HeLa CELLS 

Conc. 
(µg/mL) 

Absorbance at 570 nm Cell viability (%) Average Cytotoxicity 
(%) 

IC50 

(µg/mL) 
100 2.030 2.000 1.985 100 100 100 100 0 
75 0.667 0.658 0.693 95.6 94.40 99.4 96.4 3.6 
50 0.387 0.375 0.386 55.5 53.8 55.43 54.91 45.09 
25 0.243 0.230 0.219 34.8 32.9 31.4 33.03 66.97 
10 0.232 0.231 0.232 33.2 33.1 33.2 23.16 76.84 
5 0.140 0.149 0.145 20.0 21.3 20.80 20.7 79.3 

39.08 
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graphical representation of cytotoxic effects of applied imida-
zolium compounds on HeLa cells determined by MTT assay
is shown in Fig. 10. It appears that [(C14)3C6H3Im]Br3 displayed
high activity against Hela cancer cell line with the IC50 22.7
µg/mL. This result supports literature stating that the
polycationic imidazolium salts show higher anticancer activity
than that of mono and dicationic imidazolium salts [51].

Conclusion

In this work, synthesis of monocationic and tricationic-
imidazolium bromide salts and their stabilizer role for AgNPs
via chemical reduction method was presented. To examine the
effect of reaction medium on the size and morphology control
of AgNPs, the monophasic (aqueous medium) and biphasic
approach (DCM/H2O) were applied. It was observed that AgNPs
were formed and stabilized in aqueous medium in both appro-
aches. Thus it was assumed that AgNPs surfaces are protected
by the imidazolium salts in bilayer fashion. The cytotoxic activity
against HeLa cancer cells shows that tricationic imidazolium
salts ([(C14)3C6H3Im]Br3) are more potent than that of mono-
cationic imidazolium ([(C14)2Im]Br) salts.

A C K N O W L E D G E M E N T S

One of authors, RR gratefully acknowledges for providing
the financial assistance under UGC-PDF scheme for women
(No. F.15-1/2015–17/PDFWM2015-17-TEL-31280 (SA-II)).
The authors also grateful to the Department of Chemistry,
Osmania University, Hyderabad, India for providing the
research facilities.

R E F E R E N C E S

1. K. Goossens, K. Lava, C.W. Bielawski and K. Binnemans, Ionic Liquid
Crystals: Versatile Materials, Chem. Rev., 116, 4643 (2016);
https://doi.org/10.1021/cr400334b

2. K. Binnemans, Ionic Liquid Crystals, Chem. Rev., 105, 4148 (2005);
https://doi.org/10.1021/cr0400919

3. S.N. Riduan and Y. Zhang, Imidazolium Salts and their Polymeric
Materials for Biological Applications, Chem. Soc. Rev., 42, 9055 (2013);
https://doi.org/10.1039/c3cs60169b

4. R. Rohini, C.K. Lee, J.T. Lu and I.J.B. Lin, Symmetrical 1,3-Dialkyl-
imidazolium Based Ionic Liquid Crystals, J. Chin. Chem. Soc., 60, 745
(2013);
https://doi.org/10.1002/jccs.201200598

5. S. Wang and X. Wang, Imidazolium Ionic Liquids, Imidazolylidene
Heterocyclic Carbenes and Zeolitic Imidazolate Frameworks for CO2

Capture and Photochemical Reduction, Angew. Chem. Int. Ed., 55, 2308
(2016);
https://doi.org/10.1002/anie.201507145

6. I.M. Marrucho, L.C. Branco and L.P.N. Rebelo, Ionic Liquids in
Pharmaceutical Applications, Annu. Rev. Chem. Biomol. Eng., 5, 527
(2014);
https://doi.org/10.1146/annurev-chembioeng-060713-040024

7. B. Gopalan, K. Narayanan, Z. Ke, T. Lu, Y. Zhang and L. Zhuo,
Therapeutic Effect of a Multi-Targeted Imidazolium Compound in
Hepatocellular Carcinoma, Biomaterials, 35, 7479 (2014);
https://doi.org/10.1016/j.biomaterials.2014.05.022

8. L. Palkowski, J. Blaszczynski, A. Skrzypczak, J. Blaszczak, A. Nowaczyk,
J. Wroblewska, S. Kozuszko, E. Gospodarek, R. Slowinski and J. Krysinski,
Prediction of Antifungal Activity of Gemini Imidazolium Compounds,
BioMed Res. Int., 2015, 392326 (2015);
https://doi.org/10.1155/2015/392326

9. M.A. DeBord, M.R. Southerland, P.O. Wagers, K.M. Tiemann, N.K.
Robishaw, K.T. Whiddon, M.C. Konopka, C.A. Tessier, L.P. Shriver,
S. Paruchuri, D.A. Hunstad, M.J. Panzner and W.J. Youngs, Synthesis,
Characterization, in vitro SAR and in vivo Evaluation of N,N′-bis-
naphthylmethyl 2-Alkyl Substituted Imidazolium Salts against NSCLC,
Bioorg. Med. Chem. Lett., 27, 764 (2017);
https://doi.org/10.1016/j.bmcl.2017.01.035

10. A. Monge-Marcet, R. Pleixats, X. Cattoën and M.W.C. Man,
Imidazolium-Derived Organosilicas for Catalytic Applications, Catal.
Sci. Technol., 1, 1544 (2011);
https://doi.org/10.1039/c1cy00287b

11. K.M. Hindi, M.J. Panzner, C.A. Tessier, C.L. Cannon and W.J. Youngs,
The Medicinal Applications of Imidazolium Carbene-Metal Complexes,
Chem. Rev., 109, 3859 (2009);
https://doi.org/10.1021/cr800500u

12. F. D’Anna and R. Noto, Di- and Tricationic Organic Salts: An Overview
of Their Properties and Applications, Eur. J. Org. Chem., 2014, 4201 (2014);
https://doi.org/10.1002/ejoc.201301871

13. R.F.M. Elshaarawy, Z.H. Kheiralla, A.A. Rushdy and C. Janiak, New
Water Soluble Bis-imidazolium Salts with a Saldach Scaffold:
Synthesis, Characterization and in vitro Cytotoxicity/Bactericidal
Studies, Inorg. Chim. Acta, 421, 110 (2014);
https://doi.org/10.1016/j.ica.2014.05.029

14. D. Kumar, A. Chandra and M. Singh, Influence of Imidazolium Ionic
Liquids on the Interactions of Human Hemoglobin with DyCl3, ErCl3,
and YbCl3 in Aqueous Citric Acid at T = (298.15, 303.15, and 308.15)
K and 0.1 MPa, J. Chem. Eng. Data, 62, 665 (2017);
https://doi.org/10.1021/acs.jced.6b00695

15. C. Cagliero, C. Bicchi, C. Cordero, E. Liberto, B. Sgorbini and P. Rubiolo,
Room Temperature Ionic Liquids: New GC Stationary Phases with a
Novel Selectivity for Flavor And Fragrance Analyses, J. Chromatogr.
A, 1268, 130 (2012);
https://doi.org/10.1016/j.chroma.2012.10.016

16. U. More, Z. Vaid, S. Rajput, Y. Kadam and N. Malek, Effect of
Imidazolium-based Ionic Liquids on the Aggregation Behaviour of
Twin-Tailed Cationic Gemini Surfactant in Aqueous Solution, J.
Dispers. Sci. Technol., 38, 393 (2017);
https://doi.org/10.1080/01932691.2016.1170610

17. P. Ganapathi and K. Ganesan, Anti-Bacterial, Catalytic and Docking
Behaviours of Novel Di/Trimeric Imidazolium Salts, J. Mol. Liq., 233,
452 (2017);
https://doi.org/10.1016/j.molliq.2017.02.078

18. R.T.W. Huang, R. Rondla, W.J. Wang and I.J.B. Lin, Gemini
Imidazolium salts comprising Cl−, BF4

−, PF6
−, AuCl4

− Counterions:
Synthesis, Thermotropic Liquid Crystal Study and use of AuCl4

− Salt
Precursor to AuNPs, J. Mol. Liq., 242, 1285 (2017);
https://doi.org/10.1016/j.molliq.2017.07.088

19. G. Achar, P. Agarwal, K.N. Brinda, J.G. Malecki, R.S. Keri and S.
Budagumpi, Ether and Coumarin–Functionalized (benz)Imidazolium
Salts and their Silver(I)–N–Heterocyclic Carbene Complexes: Synthesis,
Characterization, Crystal Structures and Antimicrobial studies, J.
Organomet. Chem., 854, 64 (2018);
https://doi.org/10.1016/j.jorganchem.2017.11.005

TABLE-2 
RAW DATA OF CYTOTOXIC EFFECT OF [(C14)3C6H3Im]Br3 COMPOUND ON HeLa CELLS 

Conc. 
(µg/mL) 

Absorbance at 570 nm Cell viability (%) Average Cytotoxicity 
(%) 

IC50 

(µg/mL) 
100 1.433 1.422 1.399 100 100 100 100 0 
75 1.017 1.115 1.119 100 100 100 100 0 
50 0.577 0.589 0.590 82.7 84.5 84.6 83.9 16.1 
25 0.196 0.200 0.195 28.1 28.6 27.9 28.2 71.8 
10 0.350 0.354 0.358 50.2 50.7 51.3 50.7 49.3 
5 0.227 0.230 0.290 32.5 32.9 41.6 35.6 64.4 

22.7 

 

Asian Journal of Organic & Medicinal Chemistry  173



20. J. Gonzalez-Alvarez, D. Blanco-Gomis, P. Arias-Abrodo, D. Diaz-
Llorente, N. Rios-Lombardia, E. Busto, V. Gotor-Fernandez and M.D.
Gutierrez-Alvarez, Characterization of Hexacationic Imidazolium Ionic
Liquids as Effective and Highly Stable Gas Chromatography Stationary
Phases, J. Sep. Sci., 35, 273 (2012);
https://doi.org/10.1002/jssc.201100830

21. K.V. Axenov and S. Laschat, Thermotropic Ionic Liquid Crystals,
Materials, 4, 206 (2011);
https://doi.org/10.3390/ma4010206

22. B. Izmaylov, D. Di Gioia, G. Markova, I. Aloisio, M. Colonna and V.
Vasnev, Imidazolium Salts Grafted on Cotton Fibres for Long-term
Antimicrobial Activity, React. Funct. Polym., 87, 22 (2015);
https://doi.org/10.1016/j.reactfunctpolym.2014.12.007

23. D.W. Armstrong and E. Wanigasekara, Tetraionic Liquid Salts and
Methods of Use Thereof, US Patent 068944 A1, (2011).

24. N. Sinha, T.T.Y. Tan, E. Peris and F.E. Hahn, High-Fidelity, Narcissistic
Self-Sorting in the Synthesis of Organometallic Assemblies from Poly-
NHC Ligands, Angew. Chem. Int. Ed., 56, 7393 (2017);
https://doi.org/10.1002/anie.201702637

25. E. Sedghamiz and M. Moosavi, Tricationic Ionic Liquids: Structural
and Dynamical Properties via Molecular Dynamics Simulations, J.
Phys. Chem. B, 121, 1877 (2017);
https://doi.org/10.1021/acs.jpcb.6b10766

26. S. Ruiz-Botella, P. Vidossich, G. Ujaque, E. Peris and P.D. Beer, Tripodal
Halogen Bonding Iodo-Azolium Receptors for Anion Recognition, RSC
Adv., 7, 11253 (2017);
https://doi.org/10.1039/C6RA28082J

27. I. Nath, J. Chakraborty and F. Verpoort, Synthesis and Characterization of
Sterically Congested Mesityltris(imidazolium) Salts and the Corresp-
onding Highly Crystalline Tris-selone Derivatives, ChemistryOpen, 6,
682 (2017);
https://doi.org/10.1002/open.201780541

28. N.N. Al-Mohammed, R.S. Duali Hussen, Y. Alias and Z. Abdullah,
Tris-Imidazolium and Benzimidazolium Ionic Liquids: A New Class
of Biodegradable Surfactants, RSC Adv., 5, 2869 (2015);
https://doi.org/10.1039/C4RA14027C

29. N. Sinha, F. Roelfes, A. Hepp, C. Mejuto, E. Peris and F.E. Hahn,
Synthesis of Nanometer-Sized Cylinder-Like Structures from a 1,3,5-
Triphenylbenzene-Bridged Tris-NHC Ligand and AgI, AuI and CuI,
Organometallics, 33, 6898 (2014);
https://doi.org/10.1021/om500973b

30. M. Planellas, W. Guo, F. Alonso, M. Yus, A. Shafir, R. Pleixats and T.
Parella, Hydrosilylation of Internal Alkynes Catalyzed by Tris-
Imidazolium Salt-Stabilized Palladium Nanoparticles, Adv. Synth.
Catal., 356, 179 (2014);
https://doi.org/10.1002/adsc.201300641

31. C. Mejuto, G. Guisado-Barrios and E. Peris, Novel Rhodium and
Iridium Complexes Coordinated to C3-Symmetric Tris-NHC Ligands
Based on a 1,3,5-Triphenylbenzene Core. Electronic and Catalytic
Properties, Organometallics, 33, 3205 (2014);
https://doi.org/10.1021/om500547g

32. E. Faggi, R. Porcar, M. Bolte, S.V. Luis, E. Garcia-Verdugo and I. Alfonso,
Chiral Imidazolium Receptors for Citrate and Malate: The Importance
of the Preorganization, J. Org. Chem., 79, 9141 (2014);
https://doi.org/10.1021/jo5014977

33. B. Roy, A.K. Bar, B. Gole and P.S. Mukherjee, Fluorescent Tris-
Imidazolium Sensors for Picric Acid Explosive, J. Org. Chem., 78, 1306
(2013);
https://doi.org/10.1021/jo302585a

34. R. Zhong, Y.N. Wang, X.Q. Guo and X.F. Hou, Effect of Counterions
and Central Cores of Tripodal Imidazolium Salts on Palladium-
Catalyzed Suzuki–Miyaura Cross-Coupling Reactions, J. Organomet.
Chem., 696, 1703 (2011);
https://doi.org/10.1016/j.jorganchem.2010.12.012

35. Z. Xu, N.R. Song, J.H. Moon, J.Y. Lee and J. Yoon, Bis- and tris-
Naphthoimidazolium Derivatives for the Fluorescent Recognition of
ATP and GTP in 100% Aqueous Solution, Org. Biomol. Chem., 9, 8340
(2011);
https://doi.org/10.1039/c1ob06344h

36. A. Rit, T. Pape, A. Hepp and F.E. Hahn, Supramolecular Structures
from Polycarbene Ligands and Transition Metal Ions, Organometallics,
30, 334 (2011);
https://doi.org/10.1021/om101102j

37. A.E. Hargrove, S. Nieto, T. Zhang, J.L. Sessler and E.V. Anslyn,
Artificial Receptors for the Recognition of Phosphorylated Molecules,
Chem. Rev., 111, 6603 (2011);
https://doi.org/10.1021/cr100242s

38. Z. Xu, S.K. Kim and J. Yoon, Revisit to Imidazolium Receptors for the
Recognition of Anions: Highlighted Research During 2006–2009,
Chem. Soc. Rev., 39, 1457 (2010);
https://doi.org/10.1039/b918937h

39. A. Rit, T. Pape and F.E. Hahn, Self-Assembly of Molecular Cylinders
from Polycarbene Ligands and AgI or AuI, J. Am. Chem. Soc., 132,
4572 (2010);
https://doi.org/10.1021/ja101490d

40. C.E. Ellul, G. Reed, M.F. Mahon, S.I. Pascu and M.K. Whittlesey,
Tripodal N-Heterocyclic Carbene Complexes of Palladium and Copper:
Syntheses, Characterization and Catalytic Activity, Organometallics,
29, 4097 (2010);
https://doi.org/10.1021/om100758x

41. T. Payagala, Y. Zhang, E. Wanigasekara, K. Huang, Z.S. Breitbach, P.S.
Sharma, L.M. Sidisky and D.W. Armstrong, Trigonal Tricationic Ionic
Liquids: A Generation of Gas Chromatographic Stationary Phases, Anal.
Chem., 81, 160 (2009);
https://doi.org/10.1021/ac8016949

42. M. Trilla, R. Pleixats, T. Parella, C. Blanc, P. Dieudonne, Y. Guari and
M.W.C. Man, Ionic Liquid Crystals Based on Mesitylene-Containing
Bis- and Trisimidazolium Salts, Langmuir, 24, 259 (2008);
https://doi.org/10.1021/la702305t

43. P.S. Sharma, T. Payagala, E. Wanigasekara, A.B. Wijeratne, J. Huang
and D.W. Armstrong, Trigonal Tricationic Ionic Liquids: Molecular
Engineering of Trications to Control Physicochemical Properties, Chem.
Mater., 20, 4182 (2008);
https://doi.org/10.1021/cm800830v

44. C.E. Willans, K.M. Anderson, P.C. Junk, L.J. Barbour and J.W. Steed,
A Small tris(Imidazolium) Cage forms an N-Heterocyclic Carbene
Complex with Silver(I), Chem. Commun., 3634 (2007);
https://doi.org/10.1039/b708692j

45. N. Alhashimy, D.J. Brougham, J. Howarth, A. Farrell, B. Quilty and K.
Nolan, Homochiral Tripodal Imidazolium Receptors: Structural and
Anion-Receptor Studies, Tetrahedron Lett., 48, 125 (2007);
https://doi.org/10.1016/j.tetlet.2006.10.143

46. J. Howarth and N.A. Al-Hashimy, A Homochiral Tripodal Receptor
with Selectivity for Sodium (R)-2-Aminopropionate over Sodium (S)-
2-aminopropionate, Tetrahedron Lett., 42, 5777 (2001);
https://doi.org/10.1016/S0040-4039(01)01108-X

47. K. Sato, S. Arai and T. Yamagishi, A New Tripodal Anion Receptor
with C−H···X− hydrogen bonding, Tetrahedron Lett., 40, 5219 (1999);
https://doi.org/10.1016/S0040-4039(99)00942-9

48. R. Rondla, R. Malikanti and M.R. Puchakayala, Thermoreversible
Fibrous Hydrogel of Benzene-Centered Tris-dodecylimidazolium
Bromide: A Dual Role as Stabilizer and Directing Agent for Silver
Dendrites, ChemistrySelect, 4, 8220 (2019);
https://doi.org/10.1002/slct.201902028

49. J. Yang, J.Y. Lee and J.Y. Ying, Phase Transfer and its Applications in
Nanotechnology, Chem. Soc. Rev., 40, 1672 (2011);
https://doi.org/10.1039/B916790K

50. A. Venkanna, B. Siva, B. Poornima, P.R. Rao Vadaparthi, K.R. Prasad,
K.A. Reddy, G.B.P. Reddy and K.S. Babu, Phytochemical Investigation
of Sesquiterpenes from the Fruits of Schisandra chinensis and their
Cytotoxic Activity, Fitoterapia, 95, 102 (2014);
https://doi.org/10.1016/j.fitote.2014.03.003

51. W. Youngs, M. Panzner, C. Tessier, M. Deblock, B. Wright, P. Wagers
and N. Robishaw, Azoliumand Puriniumsalt Anticancer and Antimicrobal
Agents, US Patent 0142307 A1 (2014).

174  Rohini et al.

https://doi.org/10.1016/S0040-4039(01)01108-X
https://doi.org/10.1016/S0040-4039(99)00942-9

