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Ionic liquids are alternative reaction media of increasing interest and are regarded as an eco-friendly

alternatives, of potential use in place of the volatile organic solvents typically used in current chemical

processing methods. They are emerging as the smart and excellent solvents, which are made of positive and

negative ions that they are liquids near room temperature. The nucleophilic substitution reaction is one of the

important method for inserting functional groups into a carbon skeleton. Many nucleophilic substitution

reactions have been found with enhanced reactivity and selectivity in ionic liquid. In this review, some recent

interesting results of nucleophilic substitution reactions such as hydroxylations, ether cleavages, carbon-X (X

= carbon, oxygen, nitrogen, fluorine) bond forming reactions, and ring opening of epoxides in ionic liquids are

discussed. 
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Introduction

Most of the actual chemical reactions in a synthesis

usually involve incorporation of new functional groups or

functional group exchanges. The nucleophilic substitution

(SN) reaction is a powerful method for inserting functional

groups into a carbon skeleton.1 In 1935, Hughes and Ingold

built a broad theory of nucleophilic aliphatic substitution,

which proceeds by two different mechanisms named bi-

molecular nucleophilic substitution (SN2) reaction and

unimolecular nucleophilic substitution (SN1) reaction.2 The

SN2 reactions follow second order kinetics with inversion of

configuration, where as SN1 reactions follow first order

kinetics with racemization. Solvation is the key to most

nucleophilic reactions. 

Solvent is ubiquitous feature of modern industry and

everyday life with the current usage of volatile organic

compounds (VOCs) worldwide is around £ 4,000,000,000

per annum and is one among the heavily implicated in

causing change to the global climate.3 Today’s chemist is

well-aware of the global warming disaster and is prepared

for designing the synthetic methodologies with high atom

economy. In order to gain true harmony, economic progress

and environmental progress must go hand-in-hand. 

Ionic liquids (ILs) are emerging as smart and excellent

solvents, which are made of positive and negative ions that

pack so poorly together that they are liquids near room

temperature.4 They offer significant properties5 such as

negligible vapor pressure, high thermal stability, lack of

inflammability, decent solubility for organic, inorganic and

organometallic compounds, and non-coordinating but good

solvating ability. Apart from these features each IL shows

unique chemical and physical property by proper varying its

cation and anion.6 As reviewed by Song et al., switching

from an organic solvent to an ionic liquid often results in a

significant improvement in catalytic performance (e.g., rate

acceleration, (enantio)selectivity improvement and an

increase in catalyst stability).7 Thus, catalysts having polar

or ionic character in the ionic liquids can easily be

immobilized without additional structural modification and

thus the ionic solutions containing the catalyst can easily be

separated from the reagents and reaction products, and then,

be reused. 

The ILs known till date comprise organic tetraalkylammo-

Yogesh R. Jorapur was born in Dombivli, Thane, Maharashtra,
India in 1976. He received a B.Sc. (Chemistry) degree in 1998 from
Mumbai University and M.Sc. (Organic Chemistry) degree in 2000
from Pune University. He recently received his Ph.D degree under the
supervision of Professor Dae Yoon Chi, Department of Chemistry,
Medicinal Chemistry Lab, Inha University, Inchon, Korea. His re-
search interest is mainly focused on the applications of Ionic liquids
and Polymer-supported Ionic liquids as environmentally friendly reac-
tion media. E-mail: yogesh_inhauni@yahoo.co.in.
Dae Yoon Chi (b. 1955) received his B.Sc. degree in Chemistry at
Sogang University (1977), M.Sc. degree in Chemistry at KAIST in

1979 and Ph.D. from University of Illinois at Urbana-Champaign
(1986) under the supervision of Professor John A. Katzenellenbogen.
From 1986-1988, he worked at University of California, Berkeley as a
post-doctoral research fellow under Professor John E. Hearst and Pro-
fessor Henry Rapoport. During 1979-1982 and 1988-1992, he worked
as a research scientist at KIST. He also worked as a Director of PET
Center of Samsung Medical Center during 1994-1995. He moved to
Inha University as an Associate Professor in 1995, and then, he was
promoted to full Professor in 2000 (http://med-chem.inha.ac.kr). He
was one of National Research Laboratory directors (2002-2005) and
CEO of FutureChem Co. Ltd., (http://www.futurechem.co.kr).



346     Bull. Korean Chem. Soc. 2006, Vol. 27, No. 3 Yogesh R. Jorapur and Dae Yoon Chi

nium, trialkylsulphonium, tetraalkylphosphonium, 1,3-di-

alkylimidazolium, N-alkylpyridinium, N,N-dialkylpyrroli-

dinium, N-alkylthiazolium, N,N-dialkyltrizolium, N,N-

dialkyloxazolium, or N,N-dialkylpyrazolium cations (Figure

1).8-17 The anions4d are either organic or inorganic, includ-

ing: BF4,
18 PF6,

19 CF3CO2,
20 SbF6,

21,22 ZnCl3, CuCl2, SnCl3,

N(CF3SO2)2,
23-26 N(C2F5SO2)2, N(FSO2)2,

23 C(CF3SO2)3,
23,24,26

CF3SO3,
23-25 CH3SO3, CH3CO2,

6a OTs, NO2,
6a NO3,

6a HSO4,

carborane, and halides20; polynuclear anions including:

Al2Cl7, Al3Cl10, AuCl7, Fe2Cl7, Sb2F11. In the near future, the

list of cations and anions will be extended to a nearly

limitless number.

We do not discuss regarding the synthesis of various

classes of ILs, as this is outside the scope of this review. This

review is restricted to aliphatic bimolecular nucleophilic

substitution (SN2) reactions and will summarize the recent

research on the applications of ILs in this context. 

Ether Cleavage

Usually, cleavage of aromatic alkyl ether bonds to regener-

ate phenols is achieved by treatment with boron tribromide,

hydrobromic acid, or aluminium chloride. Recently, cleav-

age of aromatic methyl ethers by chloroaluminate ionic

liquids, such as trimethylammonium chloroaluminate

([TMAH][Al2Cl7]) and [bmim][Al2Cl7], have been reported

(Table 1).27 This method exhibited a remarkably high

selectivity in comparison with aluminium chloride. In

addition, the reaction time is drastically shortened. 

Another dealkylation of ethers in ionic liquid was

achieved by using the enhanced halide nucleophilicity of an

ionic liquid anion in the presence of classical acid.28 This

combination of the nucleophilicity of an ionic liquid anion

(bromide of [bmim][Br]) and the lower acidity of p-

toluenesulfonic acid was first attempted for the cleavage of

ether. As shown in Table 2, the demethylation reaction of 2-

methoxynaphthalene with concentrated hydrobromic acid

alone with 5 or 2 mmol equiv in [bmim][BF4] was

completed in 7 h and 9 h, affording 2-naphthol in excellent

yields (96% and 97%, respectively). The same reaction with

a lower mole ratio (1.1 mmol equiv) also furnished the

desired product in good yield, but the reaction rate decreased

significantly and required longer reaction time to complete

(32 h, 94%). Use of other protic acids, such as p-toluene-

sulfonic acid (p-TsOH), methanesulfonic acid (MsOH),

hydrochloric acid and sulfuric acid alone in [bmim][BF4],

resulted in poor conversion (30, 27, 25, and 29%, respec-

tively). This difference can be attributed to the catalytic

influence of bromide ion concentration on the rate of ether

cleavage. The combination of ionic liquid [bmim][Br] and p-

toluenesulfonic acid at about 115 oC afforded the demethyl-

ated product within 22 h in excellent yield (97%).

Carbon-Carbon Bond Forming Reactions

A. Meldrum’s Acid Alkylation. The alkylation of active

methylene compounds are very important methods for the

formation of carbon-carbon bond in organic synthesis.29

Room temperature ionic liquid (RTIL) such as [bpy][BF4]

found to be an alternative to classical molecular solvents for

alkylation of Meldrum’s acid.30 IL was easily recovered and

the yields of the reactions in recovered IL were not

decreased even after repeated runs.

Figure 1. Cation types in Ionic Liquids.

Table 1. Cleavage of Aromatic Methyl Ethers by [TMAH][Al2Cl7]
(IL)

entry substrate
Conversion (%)a

IL AlCl3

1 99 (96:4) 89 (70:30)

2 99 (50:50) 91 (90:10)

aDetermined by GC and NMR spectroscopy. The reaction mixture was
warmed to reflux and the reaction was monitored by GC and TLC until
the reaction was complete. *Indicates which methoxyl group is cleaved
predominantly.

Table 2. Demethylation of 2-Methoxynaphthalene with Various
Protic Acids in [bmim][BF4]

a

entry protic acid equiv
[bmim][Br] 

(equiv)
time (h)

yieldb 

(%)

1 HBr (47%) 5 − 7 96

2 HBr (47%) 2 − 9 97

3 p-TsOH 2 2 22 97

4 p-TsOH 3 2 22 30

5 MsOH 3 3 14 97

6 HCl (35%) 3 3 22 93

7 H2SO4 (50%) 3 3 22 93

aAll reactions were carried out on a 1.0 mmol reaction scale of 2-
methoxynaphthalene 1 in 1.0 mL of [bmim][BF4] at 115 °C. bIsolated
yield.
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B. Pyrrole Alkylation. Pyrrole chemistry, particularly C-

alkylation of pyrroles remains a challenge for the synthetic

chemists because of its sensitivity to acids and air.31

However, ILs proved to be the best alternative as an

environmentally benign media for pyrrole C-alkylation.

Recently, we have achieved alkylation of pyrrole on C2 or

C5 position with various alkyl halides and mesylates in good

yields with minimal byproducts under relatively mild

conditions in various ILs (Table 3).32 The experimental

procedure found to be simple and convenient, and in

addition did not require any aqueous workup, thereby

avoiding the generation of toxic waste.

C. Schiff Base Alkylation. A phase-transfer catalyst33

(PTC) facilitates the reaction between the organic reactant in

the organic phase and the nucleophile in the aqueous phase

as an inorganic salt. In a conventional reaction using PTC,

the organic solvents such as dichloromethane or toluene as

an environmentally undesirable media have been used.

However, the use of the RTIL [bmim][PF6] as an efficient

phase-transfer catalyst and solvent for several representative

nucleophilic substitution reactions under aqueous-RTIL

phase-transfer conditions have been explored by Nuno et

al.34 The alkylations of N-(diphenylmethylidene)glycine

esters 1 and 2 were achieved using KOH in water-IL mixture

solvent system as shown in Table 4. Further, they have

studied other nucleophilic substitution reactions, which will

be discussed later in Tables 12 and 13. 

Carbon-Oxygen Bond Forming Reactions

A. Hydroxylation. The displacement of various alkyl

halides and sulfonates by oxygen nucleophiles is well-

studied. Generally, a strong base or alkali metal hydroxide/

alkoxide with or without phase-transfer reagents is employ-

ed to generate oxygen nucleophiles. Also, these methods35

involve use of polar aprotic solvents such as dimethyl

sulfoxide (DMSO), hexamethyl phosphoric triamide (HMPA),

or N-methylpyrrolidinone (NMP). But the above conditions

often results in the formation of the undesired elimination

products, complication during work-up, separation, and

purification steps. The first example of significantly enhanc-

ed nucleophilicity of water in ionic liquids to generate

alcohol from alkyl halides in good to excellent yields have

been reported by our group (Table 5).36

B. Metal Carbonate Alkylation. Utility of alkyl organic

carbonates in the area of synthetic organic chemistry is well-

recognized.37 Common synthetic methods leading to carbon-

ates include use of classical toxic and harmful chemicals like

phosgene, pyridine, and carbon monoxide.38 However,

recently we have reported a new phosgene free method via

alkylation of metal carbonates with various alkyl halides and

sulfonates in [bmim][PF6] as an eco-friendly reaction media

(Table 6).39

This methodology was found to be simple and works well

for all alkyl halides and sulfonates with the yield > 80%.

Table 3. Alkylation of Pyrrole with 1-Bromo-3-phenylpropane in
the Presence of K2CO3 in Various Ionic Liquids and Co-solvents

entry [bmim][X] co-solvent time(h) yield (%)

1 SbF6 CH3CN 44 81

2 PF6 CH3CN 46 68

3 NTf2 CH3CN 48 65

4 OTf CH3CN 72 51

5 BF4 CH3CN 45 25

6 SbF6 toluene 46 57

7 SbF6 1,4-dioxane 46 60

Table 4. Alkylation of Schiff bases 1 and 2 using Aqueous-RTIL
System

entry R R'-X time (min) yield (%)

1 R = t-Bu MeI 150 44

2 R = t-Bu BnBr 40 82

3 R = Et MeI 90 60

4 R = Et BnBr 20 84

Reactions were preformed in a two phase system containing aqueous
KOH solution (50%, 0.5 mL), [bmim][PF6] (1.0 mL), 1 (0.24 mmol) or 2
(0.26 mmol), alkyl halide (1.2 equiv), rt, vigorous stirring.

Table 5. Hydroxylation of Bromoalkane Using H2O in Various ILsa

entry [bmim][X] time (h) yield (%)b

1 [BF4] 65 94

2 [OTf] 48 92

3 [PF6] 24 62

4 [PF6] 72 61

5 [SbF6] 48 86

aAll reactions were carried out on a 1.0 mmol reaction scale of
bromoalkane using 1.5 mL of H2O in IL (4.0 mL) and 1,4-dioxane (2.5
mL) at 110 oC. bIsolated yield.
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C. Peracetylation and Perbenzoylation. Peracetylation

and perbenzoylation plays vital role in protection strategies,

separation, and characterization of carbohydrates.40 Acetic

anhydride is the most widely used reagent for peracetylation

and benzoyl chloride, well-known for its corrosiveness and

pungent smell, for benzoylation of carbohydrates.41 Toxic

and odoriferous solvent, pyridine, is widely used as solvent/

catalyst in these reactions. However, recently dialkylimid-

azolium benzoates, room temperature ionic liquids (Figure

2, Table 7) were used in the peracetylation and perbenzo-

ylation with excellent yields in short reaction times.42

D. Ring Opening of Epoxides. Chlorohydrins and other

halohydrins are an important class of organic compounds

and versatile intermediates in the synthesis of a vast range of

biologically active natural and synthetic products, unnatural

amino acids, and chiral auxiliaries for asymmetric synthesis.

The cleavage of epoxides was achieved with TMSCl in

[bmim][PF6] ionic liquid43 at ambient conditions. The

advantages of the protocol include high yielding reaction

that can be conducted at low temperature and formation of

high regio- and stereoselective ring opened products under

environmental benign conditions. 

Song et al. achieved Co(III)(salen)-catalyzed hydrolytic

kinetic resolution of racemic epoxides in the presence of ILs.

Selective terminal epoxide ring opening hydroxylations

provided 89.0-91.9% ee of diols and remained >99% ee of

chiral epoxides using 0.5 mol% of Jacobsen’s catalyst 3. The

mole ratio of epoxide:water:catalyst was 1.0:0.7:0.005.44

Carbon-Nitrogen Bond Forming Reactions

A. N-Alkylation. For the alkylation of less nucleophilic

indole or 2-naphthol, dipolar aprotic solvent such as DMF or

DMSO is generally used in the presence of stiochiometric

amount of strong bases such as NaH or alkyllithiums.45

However, the relatively high boiling points of these solvents,

their thermal instability, and the environmental issues have

been made their overall usage on the downside. Seddon et

al.46 investigated and well utilized the unique behavior of IL

in the regioselective alkylation of indole and 2-naphthol.

They reported quantitative yields with the ease of IL

recovery.

Table 6. Symmetrical Organic Carbonate Synthesis from 1-Bromo-
3-phenylpropane in the Presence of K2CO3 in Various ILs

entry ionic liquid time (h) yield (%)

1 [bmim][PF6] 30 89

2 [bmim][SbF6] 32 83

3 [bmim][BF4] 32 85

4 [bmim][OTf] 36 80

5 [bmim][NTf2] 48 22

Figure 2.

Table 7. Peracetylation and Perbenzoylation of Various Unsub-
stituted Saccharides in RTILs at Room Temperature

entry compound (RCO)2O
[alkylmim]

[benzoate]
 time (h)

yield (%)/

(α:β)

1 β-D-glucose Ac2O [emim] 4 100 (0:1)

2 D-mannose Ac2O [emim] 3 78 (1:0)

3 D-galactose Ac2O [emim] 4.5 71 (1:1)

4 β-D-glucose Ac2O [hmim] 7 68 (1:0.2)

5 D-mannose (PhCO)2O [emim] 6 53 (1:0)
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B. N-Benzylation. Shieh et al. found that ionic liquids

could effectively accelerate the slow N-benzylation reactions

utilizing dibenzyl carbonate as an alkylating reagent.47 This

methodology was a replacement for hazardous reagent such

as carcinogenic benzyl chloride and lachrymose benzyl

bromide.48 Excellent yields of 80-90% were observed in

ammonium-type ILs over imidazolium-type ones. 

Further, Shieh et al. observed additional enhancements in

the reaction rate from hours to minutes by applying

microwave irradiation in the presence of the same IL.

Recently, our group developed the very mild methodology

for the N-alkylation of indole and pyrrole using potassium

carbonate in [bmim][BF4] as the sustainable reaction media

with acetonitrile as the cosolvent.49 N-alkylation in IL

provides good yields with alkyl halides as well as sulfonates

as the electrophiles. Cesium carbonate was also found to be

a consistent base in the N-alkylation.

C. Ring Opening of Epoxides. Epoxides underwent

smooth ring-opening with aryl amines in ionic liquids,

[bmim][BF4], or [bmim][PF6], under mild and neutral condi-

tions to afford the corresponding β-amino alcohols in

excellent yields with high regioselectivity.50 Utilization of

ionic liquids as promoters for this transformation avoids the

use of moisture sensitive and heavy metal Lewis acids.

Cr-salen catalyzed51 asymmetric ring opening reactions of

epoxides with TMSN3 proceeded readily in the room

temperature ionic liquid 1-butyl-3-methylimidazolium salts

[bmim][X] with easy catalyst/solvent recycling (Table 8).

This methodology does not include hazardous workup

stages such as distillation of the azide product, and

moreover, provides not only simple recycling of catalyst but

also the additional advantage that the catalyst can be used

without any modification of the structure.

Carbon-Fluorine Bond Forming Reactions

A. Fluorination by Nucleophilic Substitution. Due to

their unique biological significance as a bioisostere for

hydrogen, fluorine containing compounds have gained high

potential past many decades.52 The nucleophilic displace-

ment of various sulfonates and halides by fluoride is the

typical method for the introduction of a single fluorine atom

into aliphatic organic compounds.53 However, lack of

solubility of alkali metal fluoride in organic solvent and low

nucleophilicity made it unfavorable methodology. PTC

proved to be less efficient particularly, tetra-n-butylammo-

nium fluoride (TBAF) led to elimination and hydroxylation.

Due to the basicity of fluoride, the eliminated olefin product

is formed and an inevitable water impurity of TBAF played

a role of a nucleophile providing hydroxylated product.

Recently, our group54 proved the significantly enhanced

reactivity and selectivity of alkali metal fluoride using IL as

a reaction media (Table 9).

The fluorination of 2-(3-methanesulfonyloxypropoxy)-

Table 8. Cr-Salen Catalyzed Ring Opening of Epoxides Carried
out in Ionic Liquids

entry ionic liquid time (h) yield (%) ee (%)

1 [bmim][PF6] 28 76 94

2 [bmim][SbF6] 28 75 87

3 [bmim][BF4] 28 5 3

4 [bmim][OTf] 28 trace −

Table 9. Fluorinations of Mesylate with KF in ILsa

entry Ionic liquids time (h) yield (%)b

1 [bmim][BF4] 1.5 94

2 [bmim][PF6] 2 90

3 [bmim][SbF6] 2 93

4 [bmim][OTf] 4 79

5 [bmim][NTf2] 5 35

6 18-crown-6 24 40

aAll reactions were carried out on a 1.0 mmol reaction scale of mesylate.
bIsolated yield.
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naphthalene with potassium fluoride in the presence of

[bmim][BF4] ionic liquid proceeded well at 100 oC within

1.5 h to generate 94% of 2-(3-fluoropropoxy)naphthalene

(Table 9). In this methodology, IL not only enhanced the

nucleophilicity of KF but also reduced the formation of

byproducts such as alkenes and/or alcohols. Furthermore,

we have observed good nucleophilicity of alkali metal

fluorides, particularly CsF, which found to be most reactive

(Table 10).55 

However, alkali earth and transition-metal fluorides found

to be of less useful in fluorination. Aromatic fluorinations in

ILs were also studied by our group.56 Fluorination of 1-(4-

acetylphenyl)-3,3-(pentanediyl)triazene (1.0 mmol) and p-

toluenesulfonic acid (1.2 mmol) in an ionic liquid, 1-butyl-3-

methylimidazolium tetrafluoroborate ([bmim][BF4], 2.5

mL) proceeded very smoothly at 80 oC with or without an

external source of fluoride, providing 73% yield in 30 min.

We have also demonstrated various facile nucleophilic

substitutions such as halogenations, acetoxylation, nitrilation,

and alkoxylations, which will be discussed in Table 14.

B. [18F]Fluorination for Radiopharmaceuticals. 2-

[18F]Fluoro-2-deoxy-d-glucose ([18F]FDG) is the most wide-

ly used radiopharmaceutical for positron emission  tomo-

graphy (PET). Recently, new [18F]FDG syntheses without a

distillation step have been reported.57 The fluorination was

performed in an IL containing medium. The method was

found to be rapid and straight forward and can be achieved

by eliminating all evaporation steps. The 18F fluorination

proceeded with a labeling efficiency of 74.6 ± 7.4% (n = 8)

for optimized conditions.

Another application of ILs in the field of radiopharma-

ceuticals was reported by our research group as shown in

Table 11.58 We have demonstrated a process for effecting

nucleophilic [18F]fluorination of some halo- and mesyloxy-

alkanes to the corresponding [18F]fluoroalkanes using [18F]-

fluoride ion and Cs2CO3 in [bmim][OTf] in the presence of

appropriate amount of water. This method not only provides

the product rapidly in good yield and high effective specific

activity, but it is particularly convenient because it tolerates a

certain amount of water. Thus, [18F]fluoride in water, as

obtained from the production target, can be added directly to

the reaction media without having to be dehydrated, which is

typically a time-consuming step required in other radio-

fluorination methods.

Other Nucleophilic Displacement Reactions

Afonso’s group34 studied the effect of IL for phenoxide,

iodide, cyanide, and azide displacements. Significantly

enhanced nucleophilicity was observed with catalytic

amount of RTIL. They applied this methodology to various

alkyl halides to generate corresponding ethers, iodides,

nitriles, and azides as shown in Tables 12 and 13. Further,

they have found that the recycling and reuse of the

[bmim][PF6] is feasible for the azide formation with a yield

>94% for each cycle.

The nucleophilic substitution reactions such as halo-

genations, acetoxylation, nitrilation, and alkoxylations in ILs

were also well studied by our group.55 As shown in Table 14,

halogenations completed within 30 min at 100 oC in

[bmim][BF4] affording the desired compounds in >90%

yield. The nucleophilic acetoxylation of bromoalkane using

potassium acetate at 25 oC resulted in 95% of acetoxy

compound in [bmim][BF4] ionic liquid. The same reaction

was studied in various ILs with a yield above 90%. The

Table 10. Fluorinations of Mesylate with Various Metal Fluorides
in [bmim][BF4]

entry MF time (h) yield (%)

1 KF 1.5 94

2 RbF 30 min 93

3 CsF 20 min 95

4 AgF 48 5

Table 11. Fluorination of Mesylate in [bmim][OTf] under Various
Reaction Conditions

entry
18F−/H2O 

(µL)
base

time 

(min)

temp 

(°C)

radio TLC 

yield (%)
yielda (%)

1 50 K2CO3 20 120 91 80

2 50-60 KHCO3 30 20 98.7 ± 1.6 82 ± 0.4

3 50-60 Cs2CO3 5-10 120 97.6 ± 0.9 93 ± 1.2

4 250 Cs2CO3 20 120 90 85

5 250 KHCO3 60 140 28 26

6 [18F] TBAF − 15-20 110 85.3 ± 6.4 72 ± 10.8

aIsolated yield after decay correction.

Table 12. Effect of the [bmim][PF6] on Aqueous-dichloromethane
Biphasic Nucleophilic Substitution Reactions on Benzyl Bromide

entry
M+Nu− 

(equiv)

[bmim][PF6] 

(equiv)

time 

(h)

conversion (%) 

(by 1H NMR)

1a NaOPh (1.0) − 3 3

2a NaOPh (1.0) 0.5 3 80

3b KCN (2.0) − 16 5

4b KCN (2.0) 0.5 16 47

5b NaN3 (2.0) − 5 37

6b NaN3 (2.0) 0.5 5 90

aReaction was performed in a two phase system containing NaOH (6.0
equiv) in water (1.0 mL), phenol (1.0 mmol), and benzyl bromide (1.2
equiv) in dichloromethane (0.5 mL) with vigorous stirring. bReaction
was performed in a two phase system containing KCN or NaN3 (2.0
equiv) in water (1.0 mL), and benzyl bromide (1.0 equiv) in
dichloromethane (0.5 mL) with vigorous stirring.
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nitrilation using potassium cyanide, which did not occur in

acetonitile even after 48 h at 100 oC, whereas the same

reaction proceeded well in [bmim][BF4] within 1 h at 50 oC

with a yield of 93%. The methoxylation, which usually was

preformed under basic conditions resulting in eliminated

compound, provided 92% of methoxylated compound in IL

at 25 oC within 15 h. 

The use of RTILs as environmentally benign solvents for

the cyanide displacement on benzyl chloride replacing

phase-transfer catalyzed biphasic systems has been demon-

strated by Wheeler et al.59

Reactions were carried out at 40, 60, and 80 oC, and were

carefully monitored for analysis by HPLC equipped with a

UV-Visible detector.

Phenacyl esters, attractive protecting groups, which are

stable to many reactive conditions used in organic synthesis

and can be released under very mild conditions such as zinc

in acetic acid. The utility of IL to accelerate the nucleo-

philicity of potassium salts of aromatic acids toward α-

aryloxy ketone synthesis is recently been explored by Chen

and co-workers.60

The same group also reported one-pot procedure for the

preparation of α-aryloxy ketones by oxidation of ketones

with [hydroxy(tosyloxy)iodo]benzene (HTIB) and nucleo-

philic substitution with potassium salts of aromatic acids in

IL. 

Another nucleophilic displacement reaction involving

chloride displacement on benzyl chloride by benzyl salicyl-

ate at room temperature in ILs is documented by Judeh et

al.61 The reaction was found to proceed with an excellent

conversion up to 96%.

 

Chiappe et al.62 studied substrate and solvent effect in the

reaction of sodium azide and potassium cyanide with alkyl

halides and tosylates in RTILs as environmentally benign

solvents. Primary, secondary, and tertiary azides were

obtained in high yields without any elimination byproducts.

Recently, Welton’s group used a series of 1-butyl-3-

methylimidazolium ionic liquid for the study of anion effects

on halide nucleophilicity.63 The reaction was studied with

methyl p-nitrobenzenesulfonate as a model compound with

the halide to give methyl halide and p-nitrobenzenesulfonate

anion.

It was found that the nucleophilicities of all the halides

were lower in all of the ILs than in dichloromethane.

Changing an anion affected the order of halide nucleo-

philicity, e.g., in [bmim][BF4] the order of nucleophilicity

was Cl– > Br– > I– whereas in [bmim][NTf2] the order was

Cl– < Br– < I–. Their studies came up with the conclusion that

the reaction in the ILs has a high activation free energy

barrier, due to the solvent-solute interactions within the ILs.

Table 14. Nucleophilic Substitutions with Various Potassium Salts
in [bmim][BF4]

entry KY time (min) temp (°C) yield (%)

1 KCl 30 100 95

2 KBr 30 100 96

3 KI 15 100 93

4 KOAc 120 25 95

5 KCN 60 50 93

6 KOMe 15 h 25 92

Table 13. Nucleophilic Substitution Reactions on Various Alkyl
Halides in Aqueous-RTIL System

entry RCH2X
M+Nu−

(equiv)

time 

(h)

temp

 (°C )

yield

(%)

1a BnBr phenol 3 25 98

2a BnBr 4-chlorophenol 3 25 97

3 1-bromooctane KI (5.0) 12 75 67

4 BnBr NaN3 (2.0) 5 25 84

5b 2-bromoacetophenone NaN3 (2.0) 1 25 98

aReaction was performed in a two phase system containing NaOH (6.0
equiv) in water (1.0 mL), phenol or 4-chlorophenol (1.0 mmol), and
benzyl bromide (1.2 equiv) in [bmim][BF4] (0.5 mL) with vigorous
stirring. bReaction was performed in a two phase system containing
water (1.0 mL), and [bmim][BF4] (0.5 mL) with vigorous stirring. 
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Further, Crowhurst et al. reported the effect of ILs on a

class of charge-neutral nucleophiles.64 The reactions of n-

butylamine, di-n-butylamine, and tri-n-butylamine with p-

nitrobenzenesulfonate in [bmpy][NTf2], [bmpy][OTf], and

[bmim][OTf] and their rate behavior was well-investigated

in comparison with molecular solvents dichloromethane and

acetonitrile. With IL the activated complex formation from

the charge-neutral species was observed.

In addition, Lancaster recently reviewed organic reactivity

in ionic liquids with some mechanistic insights into

nucleophilic substitution reactions.65 The principal findings

of studies on nucleophilic substitutions in ionic liquids are

reviewed. The review mentioned that there have been few

other quantitative studies of nucleophilic substitutions in

ionic liquids. These data are compared to related reactions in

molecular solvents, and used to show, where ionic liquids do

(and do not) offer advantages over molecular solvents for

nucleophilic substitutions. Although many experimantal

results were obtained with better yields in nucleophilic

substitution reactions from our group and other groups, there

has been a controversy regarding the enhancement of

nucleophilicity in ionic liquid.

ILs are known to be relatively inert and tolerate a variety

of chemical transformations. Mostly it is found to have

significant number of applications in nucleophilic substitu-

tion reactions. However, its sustainability at a high temper-

ature under microwave conditions is in doubt. Recently, an

uncommon decomposition of N,N'-dialkylimidazolium

cation through the SN2 attack of the nucleophile on the

electrophilic alkyl groups attached to the imidazoline ring

under microwave heating has been reported (Table 15).66

They have also observed in some cases significant quan-

tities of substitution products even at the temperature of

125 oC. 

Conclusions

In conclusion, this review is for those beginners, who are

willing to have an in depth knowledge about reactions in

ILs. Ionic liquid technology considered to be young

chemistry, which has gained tremendous potential not only

in organic synthesis but also in catalysis, biocatalysis,

pharmaceuticals, radiopharmaceuticals, biotransformation,

and further spreading its web to each and every lab including

academia and industry. Indeed, IL without any obstacle will

find its way in many applications, where conventional

organic solvents are used today. There still remains hidden

and unique chemistry about ILs. We hope that the chemists,

who are willing to adapt IL technology will find this review

worthy.
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