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ABSTRACT

Ionic Liquids are new emerging monomers or polymer molecules work as green materials and are best known for various
applications in material sciences. Suitable ILs are designed with explicit features to perform specific functions. That can be used
in electrochemical applications such as electrolytes, solvents in Lithium-ion batteries, solvents in fuel cells superconductors and
solar cells. In this article we are focussing on synthesis of some interesting and widely used ionic liquids. The synthetic applicability
of these smart green materials is pawed ways in organic synthesis. They can behave as an excellent solvent as well as catalyst for
such transformations. Here we are highlighting the synthesis of green designer materials which is based on selection of specific
cation and anions for ILs that perform specific function and possess certain specific desirable properties.

Keywords- Tonic liquid; Green designer material; Catalyst; Environment benign.

I. INTRODUCTION

The most crucial tool available nowadays to reduce environsmental risks is green chemistry, a developing area of
science. It addresses a much wider variety of challenges and can help create environmentally friendly reaction conditions,
minimise energy use, and design compounds that are naturally safer and more affordable.

Ionic liquids (ILs) are defined as salts composed of organic cations and anions. These compounds have the unique
property of melting at temperatures below 100° C. ILs are known to contain small amounts of water approximately 200—600
ppm, which can act as nucleophile in reactions. Because IL have the freedom to select the organic cations and anions, they
are adjustable and are known as designer solvents.

ILs have diverse applications due to their favorable characteristics, including ease of handling, processing, thermal
and chemical stability, short reaction time, high yields, efficiency, recyclability, and reusability." They find use in the
production of advanced materials, formulation of vaccines, small molecule drugs,' topical®-*>¥il and transdermal drug
delivery systems. "l

Ionic Liquids are presented as a clean, efficient, and eco-friendly substitute for conventional organic solvents. Their
unique thermal, physical, chemical and biological properties make them attractive for a wide range of applications in
chemical research. ILs can serve as effective catalysts, supporting the development, adjustment and reactivity of reagents
and intermediates in multicomponent transformations.* Functionalized ionic liquids can be synthesized to offer advantages
over existing catalysts. Furthermore, ILs can be recovered after use as catalysts with minimal loss in catalytic activity.*Ionic
liquids (ILs) are gaining recognition as eco-sustainable solvents, particularly as replacements for traditional mediums in
chemical reactions. One of the significant advantages of ILs is their incredibly low vapor pressure. This process is easy to
maintain and keep within a process. While there are multiple advantages to utilizing ILs, there are still limitations that restrict
their full applicability. To overcome the limitations of ILs, a strategy was introduced i.e. immobilizing or supporting ILs on
solid support materials. This approach combines the favorable characteristics of ILs such as their low volatility and high
solvent capacity, with the benefits of using solid support materials in reactions.™
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II. DESIGNER SOLVENTS - FLEXIBILITY OF CHOOSING FUNCTIONAL GROUPS
TO MAKE IONIC LIQUIDS

Ionic liquids are considered as designer solvents because they can be selectively designed by choosing required
components that constitute its molecule i.e., by selective cations and anions. Thus, the flexibility of its chemical and physical
properties can be maintained based on the requirement of experiments designed. Some of the important component cations
and anions are discussed below.

2.1. Common Cations and Common Anions:

Formulation of ionic liquids rely on common ionic liquids including those containing imidazolium, pyridinium,
pyrrolidinium, ammonium, phosphonium cations and anions such as Cl", Br, BF4 . Cations containing both saturated and
unsaturated heterocycles are common.

2.1. a. Organic cations

N,N’-dialkyl imidazolium (I), N-alkylpyridinium(II), N,N-dialkylpyrrolidinium(IIl), Tetra alkyl ammonium (IV),
Alkylphosphonium(V), Alkylsulfonium(VI), Alkylnitride (VII),Dialkylpyrazolium(VIII), Alkyl thiazolium (IX) (Figure:
1).
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Figure: 1
2.1.b. Anions
Halide-based (CI, Br, F"), Halogeno-based (BFs, PF¢, PF¢ ), Halogenoaluminium(Ill), Carborane anions are the most
common and selected anions for designing ionic liquids.

III. TONIC LIQUID AS CATALYST WITHOUT AND WITH SOLID SUPPORT

Ionic liquids can perform dual functions as catalyst and at the same time as a solvent system in many organic
transformations.* *¥ Though it can work as an efficient catalyst with or without solid support, many solid supports are
available for fabrication and use as recyclable, reusable catalyst for organic transformations™".

IV.  APPROACH APPLIED FOR SYNTHESIS OF IONIC LIQUID

The general synthetic procedure for the synthesis of ionic liquids can be achieved through the formation of the
desired cation and the anion exchange. The desired cation can be synthesized either by the protonation of the amine by an
acid or through quaternization reactions of amine with a haloalkane and heating the mixture. Anion exchange reactions can
be carried out by treatment of halide salts with Lewis acids to form Lewis acid-based ionic liquids or by anion metathesis.*"!
(Scheme 1)
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2.+ Brensted acid [H]+[A]--HX
3. Ion exchange resin

(Scheme 1) :Synthesis paths for the ILs
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V. VARIOUS IONIC LIQUIDS AVAILABLE

5.1. [(Me)sC]*[ Al:Brs] Ionic Liquid

[(Me);C]'[ ALLBr7]" was formed from tert-butyl bromide using aluminium bromide and in the absence of a solvent
(Scheme 2). The low nucleophilicity of [Al,Br7] ion stabilises the tert-butyl cation and therefore considered as a convenient
source of Bronsted acidic tert-butyl cation.*"1i

Me .+ _Me -

Y Bl ) (Scheme2)
Me 5.2. Carbonium
Pseudo Tonic

°C —> 1t Liquid

2 ABrs (s) + MesCBr(l 0°C LEENS 0 o .
° 3GBr() No solvent T>27C)|T<2°C Carbonium
pseudo ILs
(CPILSs) resemble
Me . . Me . ionic liquids with
\( [AlzBr7] (s) metal complex
Me but have a

different composition (Scheme 3). Butyl halides make the hard acid AlCI; soft to form highly polarized liquids. **1i

MesCCl + AICl; — > Me3C--Cl-AlCl; Me;3C--Cl--Al;Clg

CPIL CPIL

(Scheme 3)
5.3. Maleimide-modified phosphonium ionic liquids
To create TSIL the structure of the IL was altered to include N-substituted maleimide. Shown below is the synthesis of
maleimide-modified phosphonium ionic liquids (Scheme 4).%
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(Scheme 4)
5.4. Benzaldehyde-functionalized ionic liquids
N-alkylimidazole was quaternized with benzaldehyde-functionalized alkyl bromides to form the benzaldehyde-
functionalized ionic liquids on being exposed to microwave radiation™ (Scheme 5).
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5.5. Synthesis of Ionic Liquids based on Sulphonic acids:

Strong acids (HX) were used to protonate the sulfonate anion and create the ionic liquids that contain mono- and
bis-sulfonic acids, respectively. These acids included chlorosulfonic acid, methanesulfonic acid, sulfuric acid,
trifluoromethanesulfonic acid and p-toluenesulfonic acid. (Scheme 6).**
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100 °C

HX = CH3SO3H, H,SOy, p-CH3CgH4SO3H, CF3SO3H, CISO3H
(Scheme 6)

5.6. Imidazolium based IL:
5.6.1. 3-Methyl-1-sulfonic acid imidazolium chloride ([Msim]Cl) Ionic Liquid

I-methylimidazole and chlorosulfonic acid on combination resulted in the formation of 3-methyl-1-sulfonic acid
imidazolium chloride ([Msim]Cl), a bronsted acidic ionic liquid at room temperature (Scheme 7).

— CH,CI —
N+ cisoH —2 2 /S o
Me \&N rt Me \7N\803H

[MSim]CI
(Scheme 7)

5.6.2. Imidazolium based trifluoroborates for ionic liquids with specific properties

A unique synthetic platform for ionic liquids (ILs) has been presented that is based on the
polyfluorophenyltrifluoroborate anions, Q[4-XCsF4BF3] (X = F, RO). By ion exchange (metathesis) reactions of Q" X" (X =
Cl, Br; Q = Et4N or directly by nucleophilic substitution of BMIM [CsFsBF3], new ionic liquids can be made at high yields
(Scheme 8). The starting chemicals for the reactions were easily soluble in solvents like acetonitrile or acetone, but the
potassium halide was not. Alkali metal chlorides ions were desirable starting materials because they dissolve in acetone less
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readily (by 200-300 times less than similar bromides) than do bromides, resulting in halogen-free ionic liquids that may be
removed by dissolving the reaction mixture in dichloromethane.

The physicochemical properties of ILs were influenced by the sort of substituents present in the fluorinated ring.
The fundamental properties of ionic liquids controlled by the Coulomb interaction and the formation of hydrogen bonds
between the fluorine atoms of the BF; moiety and the hydrogen atom H-2 of the imidazolium cation. This opens up a variety
of possibilities for their use as functional materials in many fields.

R F R F
+Q*X" /-KX
K|F BF, > QI|F BF,
acetone, 25°C
F F or H,0, 40-60°C F F

Q =EN (a), EMIM (b), BMIM (c), OMIM (d), BMMIM
(e); X =Ci, Br
Preparation of the ionic liquids based on the C¢FsBF3 anion.
(Scheme 8)

BMIMCI reacted with the necessary salts resulting in the formation of 2,3,5,6-tetrafluorophenyltrifluoroborates 1-
butyl-3-methylimidazolium using acetone. The replacement of the p-fluorine atom in the pentafluorotrifluoroborate anion
with the proper nucleophiles™ resulted in the production of the salts. L(-)-isopulegol and L(-)-borneol formed the chiral
salts g and h following the same method. (Scheme 9)

FF R F
BMIMCI
K| RO BF;|] —————> BMIM|F BF3
acetone,
F F 25°C F F

R =Me ( b) t-Bu (c) PACH,CH, (d) PHCH,
) Ph (f) é\(g) 5& (h)

Preparation of the ionic 11qu1ds based on the [4-ROC¢F4- BF3]-anions.
(Scheme 9)
BMIM[CFsBF3] underges direct conversion into ionic liquids either through nucleophilic substitution or use of
appropriate reagent (Scheme 10).

FF FF
ROH
BMIM| F BFs| “pur ~ BMIM|RO BF,
(o]
E - 130°C F F
R =

e

An alternative approach to preparation of ionic liquids
(Scheme 10)
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5.7. Carboxyl-functionalized ionic liquids or benzylic alcohol-functionalized ionic liquids

The aldehyde-functionalized ionic liquids can be employed as task-specific ionic liquids or as intermediates. They
can be transformed into other functionalized ionic liquids thereby broadening a range of applications. These aldehyde-
functionalized ionic liquids further form the corresponding carboxyl-functionalized ionic liquids or benzylic alcohol-
functionalized ionic liquids. They were oxidised in the presence of H,O»/KOH or reduced by NaBHyleading to the formation
of products containing benzylic alcohol. Condensation of these functionalized ones with hydrazine hydrate and aniline were
done under reductive amination conditions (Scheme 11).**"
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H,0,/KOH @ |\ OH
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0 NaBH, @ Sy OH
R ~ =
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R
\\ N,Ph
PhNH, @ H
\ =

NaBH,

(Scheme 11)
5.8. Chiral sulphate anions based Ionic Liquid
Alcohols were used to create chiral sulphate anions in high quantities. Tetra(n-butyl)phosphonium and 1-butyl-3-
methylimidazolium (BMIM) cations were produced through ion metathesis (Scheme 12)."i
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|
H
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(Scheme 12)
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5.9. Ionic liquids containing prochiral keto-functionalized cations

Prochiral keto-functionalized cations were hydrogenated in the presence of their chiral, enantiomerically pure
counterion using ruthenium catalyst. [N-(30 oxobutyl)-N-methylimidazole] [(C)-camphorsulfonate] was created as an
illustration of an N, N’ -dialkylated, prochiral imidazolium salt (Scheme 13).!”

Me Me Me

Me SO4H S04
— 3 —
NF,\N + —0 CH20|2 N/—//\'\-]—\ =0
Me™ Me~ "~ "H

M Me
Me e -
A( ’4\ + SO,
N~ —0
O) - Mej(\/N\// Me
EtOH, A 5
(Scheme 13)
5.10. Chiral ionic liquids with the chiral sulfonate anions

(R)-phenylethylamine and the bisulfite adduct of formaldehyde, or sodium vinylsulfonate were used to synthesize Bronsted
basic chiral ionic liquids with the chiral sulfonate anions (Scheme 14).*

Me Me
Me y
1+ CHp=CHSO:Na 4>j|20 ph)\N/\/SO3Na PBu,Cl Ph/kN/\/so3 .
Ph™ “NH, ged;; H CH,Cl,/H,0 H PBu,
Me Me
Me Y
/'\ + OHCH,SO3Na % ph/'\N/\/SO3Na M» Ph/'\N/\/SO3 +
Ph™ > NH, ﬁ;ﬂr?x H CH,Cly/H,0 H PBu,

(Scheme 14)
5.11. Ionic liquid supported tin reagents
a) The different methods of synthesis of IL-supported tin reagents are shown in (Schemes 15). Hydrostannylation of the
terminal double bond of an ionic liquid created an ionic liquid supported tin reagent.

Me . Me + Me. At
N/%N BI’W N\SN/\/\ NaBF4 NS N/\_/\

Br BF4

Me. A+ Me. +
NTINNX N"SN\\_SnBu,Ph
\—/ . Catalyst, acetone _ \—/ X
nBu,PhSnH
X = Br, BF,

Catalyst: AIBN, Pd(OH),
(Scheme 15)

b) lonic liquid supported tin reagents were synthesized using tin reagents and imidazoles containing halogen atoms in their
alkyl chains, followed by the formation of the ionic liquid by simple addition of methyl iodide (Scheme 16). Vi
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(Scheme 16)

5.12. Halogen-free Sulfonic acid-functionalized IL:

Synthesis of a-aminophosphonates was performed using Sulfonic acid-functionalized halogen-free imidazolium-
based ionic liquids. The process involves efficient and recyclable catalyst at room temperature and the overall reaction comes
under one-pot three-component condensation reaction in aqueous media. Products were obtained in good yields (Scheme
17).XXV|1|

o) NH

)J\ + RoNH, + P(OEt); or H(O)P(OEt), L» )\//
R4 H

—\ +
IL: Me/NvN\/(/\)\/SOSH
n
n=1,2 _
A = HSO, , H,PO,

(Scheme 17)

5.13. Heteropolyacid-Containing Ionic Liquid-Catalyzed Multicomponent Synthesis of Bridgehead Nitrogen
Heterocycles: Mechanisms and Mitochondrial Staining

An effective and catalytic MCR process was created to produce hexahydroimidazo[1,2-a]pyridine derivatives. A
task-specific ionic liquid using heteropolyacids as the catalyst enabled synthesis of 10 novel derivatives all in the trans
configuration. The use of the elegant charge tag strategy enabled a catalytic cycle to be developed for this transformation.
The incorporation of coumarin scaffolds in the structure made the dye prone to be used as a live-cell imaging probe. The use
of the new compound in bioimaging showed the MCR adduct had a preference for mitochondria.**(Scheme 18)

o) o) O
H MSI5PW =
H Me N srv =
+ ’
MSI;PW \)
—_—
o) NN

®
Solvent ~NIN A~ -SO:H

Me + HN~ N2 3
[PW42040]*

Model Reaction for the Synthesis of HImP Catalyzed by MSI;PW
(Scheme 18)

VL. CONCLUSION

In conclusion, synthesis of various ionic liquids are discussed along with varied pathways. Different ionic liquids
prepared can be utilized in numerous organic transformations toproduce complex structure. They are promising green
materials with wide applications in material science. Their unique properties, such as low volatility, recyclability, and
catalytic efficiency, make them excellent alternatives to conventional solvents. They can act as both solvents and catalysts,
supporting sustainable organic synthesis. Functionalized ILs further expand their usefulness. Immobilizing ILs on solid

Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences ISSN: 2583-4053
and Biotechnology Special Issue : ICACES 2025 || PP. 49-58

www._jrasb.com https://doi.org/10.55544/jrasb.icaces.5

supports helps overcome limitations, combining stability with efficiency. Overall, ionic liquids represent eco-friendly,
versatile, and efficient tools for modern chemical research.

ACKNOWLEDGEMENTS

Research Scholar Mr. Natwar Kumar Jha is grateful to PG Dept of Chemistry, M R M College, Darbhanga India

for providing necessary help in constructing the article in current format.

(1]

(2]
(3]

(4]

(3]
(6]
(7]
(8]

[9]
[10]
[11]
[12]

[13]
[14]

[15]
[16]
[17]
[18]

[19]

[20]
(21]

[22]

(23]

REFERENCES

Qiao Y, Ma W, Theyssen N, Chen C, Hou Z. Temperature-responsive ionic liquids: fundamental behaviors and
catalytic applications. Chemical reviews. 2017 May 24;117(10):6881-928.

Welton T. Ionic liquids: a brief history. Biophysical reviews. 2018 Jun;10(3):691-706.

Pei Y, Zhang Y, Ma J, Fan M, Zhang S, Wang J. lonic liquids for advanced materials. Materials Today Nano. 2022
Mar 1;17:100159.

Uddin MN, Basak D, Hopefl R, Minofar B. Potential application of ionic liquids in pharmaceutical dosage forms for
small molecule drug and vaccine delivery system. Journal of Pharmacy & Pharmaceutical Sciences. 2020 May
13;23:158-76.

Dobler D, Schmidts T, Klingenhofer I, Runkel F. Ionic liquids as ingredients in topical drug delivery systems.
International journal of pharmaceutics. 2013 Jan 30;441(1-2):620-7.

Ali MK, Moshikur RM, Goto M, Moniruzzaman M. Recent developments in ionic liquid-assisted topical and
transdermal drug delivery. Pharmaceutical research. 2022 Oct;39(10):2335-51.

Adawiyah N, Moniruzzaman M, Hawatulaila S, Goto M. Ionic liquids as a potential tool for drug delivery systems.
MedChemComm. 2016;7(10):1881-97.

Md Moshikur R, Shimul IM, Uddin S, Wakabayashi R, Moniruzzaman M, Goto M. Transformation of hydrophilic
drug into oil-miscible ionic liquids for transdermal drug delivery. ACS Applied Materials & Interfaces. 2022 Dec
12;14(50):55332-41.

Neto BA, Rocha RO, Lapis AA. What do we know about the ionic liquid effect in catalyzed multicomponent
reactions?: A critical review. Current Opinion in Green and Sustainable Chemistry. 2022 Jun 1;35:100608.

Sharma S, Sharma K, Pathak S, Kumar M, Sharma PK. Synthesis of medicinally important quinazolines and their
derivatives: A review. The Open Medicinal Chemistry Journal. 2020 Nov 27;14(1).

Sharma J, Kumar P, Sillanpaa M, Kumar D, Nemiwal M. Immobilized ionic liquids on Fe304 nanoparticles: A
potential catalyst for organic synthesis. Inorganic Chemistry Communications. 2022 Nov 1;145:110055.

Nasirpour N, Mohammadpourfard M, Heris SZ. Ionic liquids: Promising compounds for sustainable chemical
processes and applications. Chemical Engineering Research and Design. 2020 Aug 1;160:264-300.

Parvulescu VI, Hardacre C. Catalysis in ionic liquids. Chemical Reviews. 2007 Jun 13;107(6):2615-65.

Dai C, Zhang J, Huang C, Lei Z. lonic liquids in selective oxidation: catalysts and solvents. Chemical reviews. 2017
May 24;117(10):6929-83.

Steinrueck HP, Wasserscheid P. lonic liquids in catalysis. Catalysis Letters. 2015 Jan;145(1):380-97.

Ratti R. Tonic liquids: synthesis and applications in catalysis. Advances in Chemistry. 2014;2014(1):729842.

Scholz F, Himmel D, Scherer H, Krossing 1. Superacidic or Not... ? Synthesis, Characterisation, and Acidity of the
Room-Temperature Ionic Liquid [C (CH3) 3]+[Al2Br7]—. Chemistry—A European Journal. 2013 Jan 2;19(1):109-16.
Gao J, Meng H, Lu Y, Zhang H, Li C. A carbonium pseudo ionic liquid with excellent extractive desulfurization
performance. AIChE Journal. 2013 Mar;59(3):948-58.

Tindale JJ, Hartlen KD, Alizadeh A, Workentin MS, Ragogna PJ. Maleimide-Modified Phosphonium Ionic Liquids:
A Template Towards (Multi) Task-Specific Ionic Liquids. Chemistry—A European Journal. 2010 Aug 9;16(30):9068-
75.

Hajipour AR, Rafiee F. Recent progress in ionic liquids and their applications in organic synthesis. Organic
Preparations and Procedures International. 2015 Jul 4;47(4):249-308.

Sim SE, Kwon S, Koo S. Bis-sulfonic acid ionic liquids for the conversion of fructose to 5-hydroxymethyl-2-furfural.
Molecules. 2012 Oct 31;17(11):12804-11.

Zolfigol MA, Khazaei A, Moosavi-Zare AR, Zare A. lonic liquid 3-methyl-1-sulfonic acid imidazolium chloride as a
novel and highly efficient catalyst for the very rapid synthesis of bis (indolyl) methanes under solvent-free conditions.
Organic Preparations and Procedures International. 2010 Feb 2;42(1):95-102.

Prikhod'ko SA, Shabalin AY, Bardin VV, Eltsov IV, Shundrina IK, Parmon VN, Adonin NY. 1-Alkyl-3-
methylimidazolium 4-organyloxy-2, 3, 5, 6-tetrafluorophenyltrifluoroborates as a new platform for ionic liquids with
specific properties. RSC advances. 2017;7(28):17497-504.

Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences ISSN: 2583-4053
and Biotechnology Special Issue : ICACES 2025 || PP. 49-58

www._jrasb.com https://doi.org/10.55544/jrasb.icaces.5

[24] Shabalin AY, Adonin NY, Bardin VV, Prikhod’ko SA, Timofeeva MN, Bykova MV, Parmon VN. Synthesis of K [4-
ROCG6F4BF3] from potassium pentafluorophenyltrifluoroborate and O-nucleophiles. Journal of Fluorine Chemistry.
2013 May 1;149:82-7.

[25] Huang Q, Zheng B. Facile Synthesis of Benzaldehyde-Functionalized Ionic Liquids and Their Flexible Functional
Group Transformations. Organic Chemistry International. 2012;2012(1):208128.

[26] Winkel A, Wilhelm R. New chiral ionic liquids based on enantiopure sulfate and sulfonate anions for chiral
recognition.

[27] Dien Pham P, Vitz J, Chamignon C, Martel A, Legoupy S. Stille cross-coupling reactions with tin reagents supported
on ionic liquids.

[28] Fang D, Jiao C, Ni C. SO3H-functionalized ionic liquids catalyzed the synthesis of a-aminophosphonates in aqueous
media. Heteroatom Chemistry. 2010;21(7):546-50.

[29] Alvim HG, Correa JR, Assumpgao JA, da Silva WA, Rodrigues MO, de Macedo JL, Fioramonte M, Gozzo FC, Gatto
CC, Neto BA. Heteropolyacid-containing ionic liquid-catalyzed multicomponent synthesis of bridgehead nitrogen
heterocycles: mechanisms and mitochondrial staining. The Journal of Organic Chemistry. 2018 Mar 16;83(7):4044-
53.

i Qiao Y, Ma W, Theyssen N, Chen C, Hou Z. Temperature-responsive ionic liquids: fundamental behaviors and catalytic applications. Chemical reviews.
2017 May 24;117(10):6881-928.

ii_Welton T. Ionic liquids: a brief history. Biophysical reviews. 2018 Jun;10(3):691-706.

ii Pei Y, Zhang Y, Ma J, Fan M, Zhang S, Wang J. Tonic liquids for advanced materials. Materials Today Nano. 2022 Mar 1;17:100159.

¥ Uddin MN, Basak D, Hopefl R, Minofar B. Potential application of ionic liquids in pharmaceutical dosage forms for small molecule drug and vaccine
delivery system. Journal of Pharmacy & Pharmaceutical Sciences. 2020 May 13;23:158-76.

V. Dobler D, Schmidts T, Klingenhofer I, Runkel F. Ionic liquids as ingredients in topical drug delivery systems. International journal of pharmaceutics.
2013 Jan 30;441(1-2):620-7.

¥, Ali MK, Moshikur RM, Goto M, Moniruzzaman M. Recent developments in ionic liquid-assisted topical and transdermal drug delivery. Pharmaceutical
research. 2022 Oct;39(10):2335-51.

vii, Adawiyah N, Moniruzzaman M, Hawatulaila S, Goto M. Ionic liquids as a potential tool for drug delivery systems. MedChemComm. 2016;7(10):1881-
97.

Vi, Md Moshikur R, Shimul IM, Uddin S, Wakabayashi R, Moniruzzaman M, Goto M. Transformation of hydrophilic drug into oil-miscible ionic liquids
for transdermal drug delivery. ACS Applied Materials & Interfaces. 2022 Dec 12;14(50):55332-41.

i Neto BA, Rocha RO, Lapis AA. What do we know about the ionic liquid effect in catalyzed multicomponent reactions?: A critical review. Current
Opinion in Green and Sustainable Chemistry. 2022 Jun 1;35:100608.

*. Sharma S, Sharma K, Pathak S, Kumar M, Sharma PK. Synthesis of medicinally important quinazolines and their derivatives: A review. The Open
Medicinal Chemistry Journal. 2020 Nov 27;14(1).

% Sharma J, Kumar P, Sillanpaa M, Kumar D, Nemiwal M. Immobilized ionic liquids on Fe304 nanoparticles: A potential catalyst for organic synthesis.
Inorganic Chemistry Communications. 2022 Nov 1;145:110055.

% Nasirpour N, Mohammadpourfard M, Heris SZ. Ionic liquids: Promising compounds for sustainable chemical processes and applications. Chemical
Engineering Research and Design. 2020 Aug 1;160:264-300.

vl parvulescu VI, Hardacre C. Catalysis in ionic liquids. Chemical Reviews. 2007 Jun 13;107(6):2615-65.

¥ Dai C, Zhang J, Huang C, Lei Z. Ionic liquids in selective oxidation: catalysts and solvents. Chemical reviews. 2017 May 24;117(10):6929-83.

¥ Steinrueck HP, Wasserscheid P. Ionic liquids in catalysis. Catalysis Letters. 2015 Jan;145(1):380-97.

*i_ Ratti R. Tonic liquids: synthesis and applications in catalysis. Advances in Chemistry. 2014;2014(1):729842.

Wi Scholz F, Himmel D, Scherer H, Krossing 1. Superacidic or Not... ? Synthesis, Characterisation, and Acidity of the Room-Temperature Ionic Liquid [C
(CH3) 3]+[AI2Br7]-. Chemistry—A European Journal. 2013 Jan 2;19(1):109-16.

Wil Gao J, Meng H, Lu Y, Zhang H, Li C. A carbonium pseudo ionic liquid with excellent extractive desulfurization performance. AIChE Journal. 2013
Mar;59(3):948-58.

*ix Tindale JJ, Hartlen KD, Alizadeh A, Workentin MS, Ragogna PJ. Maleimide-Modified Phosphonium Ionic Liquids: A Template Towards (Multi) Task-
Specific Ionic Liquids. Chemistry—A European Journal. 2010 Aug 9;16(30):9068-75.

xx. Hajipour AR, Rafiee F. Recent progress in ionic liquids and their applications in organic synthesis. Organic Preparations and Procedures International.
2015 Jul 4;47(4):249-308.

=i Sim SE, Kwon S, Koo S. Bis-sulfonic acid ionic liquids for the conversion of fructose to 5-hydroxymethyl-2-furfural. Molecules. 2012 Oct
31;17(11):12804-11.

i Zolfigol MA, Khazaei A, Moosavi-Zare AR, Zare A. Ionic liquid 3-methyl-1-sulfonic acid imidazolium chloride as a novel and highly efficient catalyst
for the very rapid synthesis of bis (indolyl) methanes under solvent-free conditions. Organic Preparations and Procedures International. 2010 Feb
2;42(1):95-102.

il Prikhod'ko SA, Shabalin AY, Bardin VV, Eltsov IV, Shundrina IK, Parmon VN, Adonin NY. 1-Alkyl-3-methylimidazolium 4-organyloxy-2, 3, 5, 6-
tetrafluorophenyltrifluoroborates as a new platform for ionic liquids with specific properties. RSC advances. 2017;7(28):17497-504.

¥ Shabalin AY, Adonin NY, Bardin VV, Prikhod’ko SA, Timofeeva MN, Bykova MV, Parmon VN. Synthesis of K [4-ROC6F4BF3] from potassium
pentafluorophenyltrifluoroborate and O-nucleophiles. Journal of Fluorine Chemistry. 2013 May 1;149:82-7.

¥ Huang Q, Zheng B. Facile Synthesis of Benzaldehyde-Functionalized Ionic Liquids and Their Flexible Functional Group Transformations. Organic
Chemistry International. 2012;2012(1):208128.

i Winkel A, Wilhelm R. New chiral ionic liquids based on enantiopure sulfate and sulfonate anions for chiral recognition.

i Dien Pham P, Vitz J, Chamignon C, Martel A, Legoupy S. Stille cross-coupling reactions with tin reagents supported on ionic liquids.

il Fang D, Jiao C, Ni C. SO3H-functionalized ionic liquids catalyzed the synthesis of a-aminophosphonates in aqueous media. Heteroatom Chemistry.
2010;21(7):546-50.

xxixX. Alvim HG, Correa JR, Assumpgao JA, da Silva WA, Rodrigues MO, de Macedo JL, Fioramonte M, Gozzo FC, Gatto CC, Neto BA. Heteropolyacid-
containing ionic liquid-catalyzed multicomponent synthesis of bridgehead nitrogen heterocycles: mechanisms and mitochondrial staining. The
Journal of Organic Chemistry. 2018 Mar 16;83(7):4044-53.

58 Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



