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Room temperature ionic liquids (RTILsyre attracting consider-
able attention as reaction solveAtgxtraction solvent$, and
electrolyte materiafsas a result of their remarkable properties,
including a negligibly small vapor pressure, high thermal stability,
and high ionic conductivity. RTILs are now expected to be designer
liquids with controllable physical and chemical properties or even
specific functiong2405Although there have been extensive studies
of RTILs, relations between their structure and physicochemical
properties have not yet been summari¢&TILs have mostly been
designed using a series of cationic derivathfedue to their
convenient chemical modification, but there is much less informa-
tion about the effect of anion structure. We have been developing - —_— - )
novel task-specific RTILs by focusing on the amino acids because Fgure 1. Prepared amino acid ionic liquids. Upper side (left to right):

. . . _ ... [emim][Leu], [emim][Lys], [emim][Met], [emim][Phe], [emim][Pro], [emim]-
such RTILs can behave as anions with various characteristics. With [Ser], [emim][Thr], [emim][Trp], [emim][Tyr], and [emim][Val]. Lower
this approach, we can analyze the effects of anion structure on theside (left to right): [emim][Ala], [emim][Arg], [emim][Asn], [emim][Asp],
properties of the corresponding salts. Moreover, various functional [emim][Cys], [emim][GIn], [emim][Glu], [emim][Gly], [emim][His], and
groups on amino acids should be valuable for designing RTILs for [emim][ile].

a wide range of tasks. Here, we describe novel RTILs that are jytermediates for peptide synthedéshiral solvents2 functional
prepared by coupling the imidazolium cation with 20 different materials, and biodegradable ionic liquids.
natural amino acids. Differential scanning calorimetric measurements showed that

The common way of preparing RTILs is by the anion exchange these amino acid ionic liquids had no melting point, but a glass
of halide salts with metal salts. However, this method seems to be transition temperatureT) ranging from—65 to 6°C (Table 1).
unsuitable for preparing pure and various RTILs due to contamina- also, thermal gravimetric analysis revealed that, except for the
tion of halide salts and the limited variety of commercially available decomposition of [emim][Cys] at 17, all liquids were stable at
metal salts. Furthermore, because amino acids coordinate transitionemperatures of at least 26@. TheT, of these amino acid ionic
metal ions, pure amino acid RTILs cannot be obtained using the |iquids depended on the side-chain structure of the amino acid.
conventional method with metal saltShus, we used a different  [emim][Ala], [emim][Val], [emim][Leu], and [emim][lle] hadTg
method that involves preparing imidazolium hydroxide to neutralize values lower than those of other liquids. An increase of the alkyl
a series of amino acids. side-chain length coincided with a gradual increasgpprobably

Among several onium cations that we tested, 1-ethyl-3-meth- due to an increase of the van der Waals force between alkyl side
ylimidazolium cation exhibited an excellent ability to form RTILS  chains. By comparing the salt pair of [emim][Asn] and [emim]-
with amino acids. All of the resulting amino acid ionic liquids we  [GIn] with the salt pair of [emim][Asp] and [emim][Glu], we found
obtained were transparent, nearly colorless liquids at room tem-the alkyl chain length to have the dominant influence op
perature (Figure 1). The structure of these amino acid ionic liquids regardless of the functional group. On the other hand, RTILs with
was confirmed usingH NMR (JEOL a-500) and elemental analysis  a carboxyl and an amide group had ahigher than that of other
(see Supporting Information). Although these amino acid ionic amino acid ionic liquids. In particular, [emim][Asp] and [emim]-
liquids were insoluble in ethers, as are typical ionic liquids, they [Glu] had the highesT, values at 5 and 8C, respectively. As a
were miscible with various organic solvents, such as methanol, comparison of amino acid ionic liquids with different functional
acetonitrile, and chloroform. Some RTILs prepared from amino side groups, thd, values of these three salts have the following
acids containing two carboxyl groups, such as [emim][Glu] and sequence=47 °C ([emim][Lys]) < —12 °C ([emim][GIn]) < +6
[emim][Asp], were insoluble in chloroform. This miscibility, which  °C ([emim][Glu]). Thus, theTy of [emim][Glu] is 50 °C higher
has never been found in native amino acids, may allow amino acidsthan that of [emim][Lys] although Lys has a longer hydrocarbon
to be used in many new applications. The miscibility of RTILS side chain. On the other hand, [emim][Met] showed unique
with organic solvents was dependent upon the side-chain structurecharacteristics. It has relatively loWly, due to its thioether unit.
of the corresponding amino acid anion. In addition, we found that Introduction of ether units into substituents of the onium cation is
these amino acid ionic liquids dissolved amino acids; for example, known to lower theTy of the corresponding RTILE! A similar
at least 2 wt % ofiL-valine dissolved in [emim][Val] at 25C. effect can be expected in [emim][Met] to lower iTg.

Studies have shown that RTILs have a strong hydrogen bonding  Starting from [emim][Ala], we explored the effects of substituents
ability that is useful for dissolving biomaterials, such as DNA, on theT, of the corresponding salts. When we added a hydroxyl
cellulose? and other carbohydraté&Thus, in various fields, such  group ([emim][Ser]), Ty increased by 8C, whereas introduction

as industrial chemistry and pharmaceutical chemistry, these aminoof carboxylate ([emim][Asp]) increasei, by 62°C. Although these
acid ionic liquids should provide a variety of applications, such as values are not universal, they can act as a guide to the functional
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Table 1. Thermal Properties and lonic Conductivity of 20 Kinds of
Amino Acid lonic Liquids

i (Slem) 0i(Slem)
salt T, (°C) at25°C salt Ty (°C) at25°C

[emim][Gly] —65 5.7x 10 [emim][Trp] —31 9.1x10°
[emim][Ala] —57 6.4x 10* [emim][His] —24 1.0x 1077
[emim][Met] —57 2.4x 10* [emim][Tyrf] —23 4.0x 108
[emim][Val] —52 8.8x 10> [emim][Cys] —19 3.5x10°
[emim][lle] —52  6.9x 10°° [emim][Arg] —18 9.0x 107/
[emim][Leu] —51 8.1x 10> [emim][Asn] —16 1.1x 10°®
[emim][Ser] —49 6.5x10* [emim][GIn] -12 1.7x 1077
[emim][Lys] —47 7.8x10°° [emim][Asp] 5 1.7x10°
[emim][Thr] —40 1.0x 10* [emim][Glu] 6 5.0x107
[emim][Phe] —36 6.0x 10°° [emim][Pro] —48 1.6x 104
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Figure 2. Relation between ionic conductivity (2&) and glass transition
temperatureTg) of amino acid ionic liquids 4 and M, amino acid ionic

liquids; O, imidazolium-type ionic liquids prepared by the neutralization

in our laboratory).

groups of uninspected RTILs. For [emim][Ph&],is —36 °C, which

In summary, we synthesized new ionic liquids from a series of
amino acids. The amino acid ionic liquids were miscible with
organic solvents and could dissolve native amino acids. From the
trends found in this study, one can estimate the glass transition
temperature, the ionic conductivity, and the miscibility with organic
solvents based on the structure of the side chains on the component
ions. These findings should be useful for designing suitable ionic
liquids for specific applications.
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is 21 °C higher than that of [emim][Ala] due to the stacking

interaction of the phenyl groups. Introduction of a hydroxyl group
to this Phe anion increasdd as in the previous case (see [emim]-

[Tyr] in Table 1; T, = —23 °C). Therefore, these substituents are
akind of “Ty indicator” for uninspected RTILs containing functional

groups.

The ionic conductivity of these amino acid ionic liquids ranges
from 107° to 10~* S/cm at 25°C. Figure 2 shows the relation
between the ionic conductivity at 2& andT, for these liquids.

In this figure, the open circles)) are data for imidazolium-type
ionic liquids prepared in our previous studfeBhe ionic conductiv-

ity of previously synthesized RTILs is closely related to thgjr
This strong correlation indicates that the ionic conductivity of a
given number of carrier ions is governed mainly by their mobility.
In this study, the major amino acid ionic liquids followed a linear
relationship betweerTy and ionic conductivity (Figure 2M).
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liquids (Figure 2,a); moreover, the ionic conductivities are less
than those for major amino acids of the safgeln particular, the
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as [emim][His] and [emim][Glu], may be due to hydrogen bonding
or some other ion interaction that is expected through their side
chains.
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