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Novel organic ionic liqulids‘ (OILs) ’incorpOrating cations
derived from the antifungal drug miconazole.

James H. Davis, Jr.*f, Kerri J. Forrester, and Travis Merrigan
o
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) ) Abstract »
The imidazole-rihg containing antifungal drug miconazole reacts with a variety of alkyl iodides to form
imidazolium cations. After anion metathesis “}ith NaPF;, organic ionic liquids (QILs) are obtzu_'ned. These new
ionic liquids are believed to be the ﬁrét to be derived from a bioactive molecule. One of the new OILs also

exhibits lyotropic liquid crystalline behavior while inducing the gelation of benzene. © 1998 Elsevier Science Ltd. All
rights reserved. ' . : .

Keywords: jonic Ii;luids; liquid crystals; ;anﬁfgngals; imidazoles

Organic ionic liquids (OILs), may be defined as materials which incorpqréte at least one
organic ion in an ion pair which is liquid at temperatures of ~150°C or lower [1-3]. Because of
a number of useful properties which they possess, OILs are of interest for development in
several areas, including catalysis, electrochemistry and as solvents for "green" chemistry [2-4]. '
Most of the OILs described to date are combinations of a 1-butyl-3-methylimidazolium
[bmim]*, 1-ethyl-3-methylimidazblium [emim]* or AM-butylpyridinium cation and a 'charge-
diffused inorganic anion [4]. |
| In connection with an ongoing project involving the use of azolium ions as carbene ligand
precursors, we have prepared several novel imidazolium catibns derived from drugs and natural
products [5]. The side chains of these cations are structurally complex and funcfionally diverse
compared to those commonly used in OILs. As an adjunct to our carbene work, we deemed it
worthwhile to determine if these or related imidazolium ions might be utilized as the cation

comjao_rient of OILs. We now report the initial results.of one of these studies, in which

T jdavis@jaguarl.usouthal.edu -

0040-4039/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)02070-X




REVIEWS

Tonic Liquids—New “Solutions” for Transition Metal Catalysis

Peter Wasserscheid* and Wilhelm Keim

(Ionic liquids are salts that are liquid at
low temperature (< 100°C) which rep-
resent a new class of solvents with
nonmolecular, ionic character. Even
though the first representative has
been known since 1914, ionic liquids
have only been investigated as solvents
for transition metal catalysis in the past
ten years. Publications to date show
that replacing an organic solvent by an

improvements in well-known process-
es. Tonic liquids form biphasic systems
with many organic product mixtures.
This gives rise to the possibility of a
multiphase reaction procedure with
easy isolation and recovery of homo-
geneous catalysts. In addition, ionic

liquids have practically no vapor pres: »

sure which facilitates product separa-
tion by distillation. There are also

mal organic solvent to an ionic liquid
can lead to novel and unusual chemical
reactivity. This opens up a wide field
for future investigations into this new
class of solvents in catalytic applica-
tions.

Keywords: biphasic catalysis + homo-
geneous catalysis - ionic liquids -
solvent effects

ionic liquid can lead to remarkable

N

indications that switching from a nor- )

1. Introduction

In general, an jonic liquid is a liquid that consists only of
ions. However, this term includes an ‘additional special
definition to distinguish it from the classical definition of a
molten salt.'! While a molten salt is generally thought to refer
to a high-melting, highly viscous and very corrosive medium,
ionic liquids are already liquid at low temperatures (< 100°C)
and have relatively low viscosity. The apparently somewhat
arbitrary line drawn between molten salts and ionic liquids at

a melt temperature of 100°C can be justified by the abrupt

improvement in the range of applications for liquid salts
below thxs temperature. Even though some examples are
known in which high-temperature salt melts have been
successfully used as reaction media for synthetic "applica-
tions,” only a liquid range below 100°C can enable the
versatile substitution of conventional, organic solvents by
ionic liquids. ‘

The development of jonic liquids goes back to 1914. First
research efforts dealt with the synthesis of ethylammonium
nitrate.®! This salt is liquid at room temperature but usually
- contains a 'small amount of water (200600 ppm).“!

The first ionic liquids with chloroaluminate ions were
~developed in 1948 by Hurley and Wier at the Rice Institute in

(*] Dr. P. Wasserscheid, Prof. W. Keim
Institut fiir Technische Chemie und
Makromolekulare Chemie der RWTH Aachen
Worringer Weg 1, 52074 Aachen (Germany)
Fax: (+49)241-8888177
E-mail: Wasserscheidp@itc.rwth-aachen.de

Angew. Chem. [nt. Ed. 2000, 39, 3772 -3789
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Texas as bath solutions for electroplating aluminum.ls) How-
ever, these systems were not studied further until the late
1970s when the groups of Osteryoung and Wilkes rediscov-
ered them. For the first time, they succeeded in preparing
room —temperature liquid chloroaluminate melts.!! Research
and development concentrated mainly on electrochemical
applications at this time.

As early as 1967, a publication by Swain et al described the
use of tetra-n-hexylammonium benzoate as a solvent for
kinetic and electrochemical investigations.”? Even though the
liquid salt was a hemihydrate at room temperature, this
research work had a pioneering signiﬁéance because it
already contained a quantitative determination of the i joniza-
thIl strength of the ionic medium. .

In the early 1980s the groups of Seddon and Hussey began
to use chloroaluminate melts as nonaqueous, polar solvents
for the investigation of tramsition metal complexes. The
investigations generally started with the electrochemical
aspects of the relevant transition metal complexes;® spectro-
scopic and complex chemistry experiments followed.l It is
specially thanks to Seddon’s work that ionic liquids became
more familiar to a broad public.

The first publications in which ionic liquids were descnbed
as new reaction media and catalysts for organic synthesis
appeared at the end of the 1980s. Acidic ionic liquids with
chloroaluminate ions proved to be effective Friedel - Crafts
catalysts;!" phosphonium halide melts were used successfully
in nucleophilic aromatic substitution reactions.i*!

The use of jonic liquids as solvents for homogeneous
transition metal catalysts was described for the first time in

1433-7851/00/3921-3773 § 17.50+.50/0 3773
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|. Introduction

An ionic liquid (IL) is a liquid consisting
of ions only, but this definition is different
from' the classic definition of a molten salt.’
The latter is a high-melting, highly viscous,
and highly corrosive liquid, while an ionic
liquid is liquid at a much lower temperature
(< 100 °C) and has a lower viscosity.
Currently, a major drive is underway in
industry and academia to substitute more
environmentally friendly technologies for
traditional ones in which damaging and
volatile organic solvents are “heavily
used. JIomic liquids are considered as
environmentally friendly substitutes for
volatile organic solvents, not only because of
their low vapor pressures, but, more

Hua Zhao and Sanjay V. Malhotra*

Department of Chemistry and Environmental Science

importantly, also because of their ability to
act as catalysts. Moreover, ionic liquids
possess several other attractive properties,
including chemical and thermal stability,
nonflammability, high ionic conductivity,

and a wide electrochemical
window.

Ambient-temperature, alkylpyridinium
(RPy*) chloroaluminate based ionic liquids
were first reported in the early 1950s.?
However, the report by Wilkes and co-
workers® of 1,3-dialkylimidazolium-based
chloroaluminate ionic liquids, that possess
favorable physical and electrochemical
properties, provided the impetus for a
dramatic increase in activity in this area.®
Ionic liquids usually consist of inorganic
anions and nitrogen-containing organic
cations, and their chemical and physical
properties can be finely tuned for a range of
applications by varying the cations or
anions.* For example, varying the anion X in
[EMIM][X] changes the melting point of the
ionic liquid in the range of ~14 to 87 °C.* The
fact that they can now be produced with
melting points at or below room temperature
(as low as ~96 °C) has been an important
reason why ionic liquids have been explored
in many applications.!

potential

New Jersey Institute of Technology
‘ University Heights
Newark, NJ 07102, USA

E-mail: malhotra@njit.edu

Recent reviews have surveyed the
behavior of halogenoaluminate(Ill) ionic

liquids in many reactions including
dimerization, polymerization, and multiphase
hydrogenation3¢ Since halogenoaluminate(ILD)-
type ionic liquids are sensitive to moisture,
their applications in chemical reactions have

_been limited. Stable, room-temperature ionic

liquids (RTILs) have been studied in many
chemical processes, for example, . bio-
processing operations,’ as electrolytes in
electrochemistry,® in gas separations such as
the capturing of CO,," in liquid-liquid
extractions,'"? and as heat-transfer fluids.”
However, since most studies have employed
ionic liquids as green solvents or catalysts for
organic synthesis, this review will summarize
recent research on the applications of RTILs
in organic reactions.

2. Composition of lonic Liquids

The most commonly used cations in
room-temperature  ionic  liquids are
alkylammonium, alkylphosphonium, N,N'-
dialkylimidazolium ([RR’IM]), and N-
alkylpyridinium ({RPy]) cations (Figure 1)}
The most commonly utilized alkyl chains are

“methyl, ethyl, butyl, hexyl, octyl, and decyl.

The most commonly investigated IL anions
are shown in Table 1.444%

Aldrichimica ActA voL. 35, NO. 3+ 2002 75




