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Abstract—Chiral ionic solvents were almost unexplored before the last five years. This field which is of increasing importance could
constitute a renewal for the chemistry of chiral solvents. So far reported examples are designed either from the chiral pool (amino-
acids, hydroxyacids, amines, aminoalcohols, terpenes and alkaloids) or by asymmetric synthesis; they can bear central, axial or pla-
nar chirality. Modern applications in asymmetric synthesis, enzymatic chemistry, chiral chromatography and NMR are surveyed.
Their use in the field of liquid crystals and for stereoselective polymerisation are also discussed. At the end of the article, a series of
tables is compiled including all the CILs described to date and their physical properties.
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1. Introduction

Asymmetric induction is mainly achieved by the use of
chiral substrates or reagents, chiral catalysts or enzymes.
Chiral solvents were also evaluated' even if they have
been mainly used for NMR determination of the enan-
tiomeric excess of enantioenriched compounds.?? The
first use of a chiral solvent in asymmetric synthesis
was reported in 1975 by Seebach.* Using a chiral ami-
noether as solvent, modest enantioselectivities were
obtained in the electrochemical reduction of ketones.
A few reports then appeared in the literature® but the
difficult syntheses of chiral solvents and their high cost
often precluded their use. Recently, few examples of chi-
ral ionic liquids (CILs) have been mentioned in the liter-
ature and partial information can be found in some
reviews.® Due to their ease of synthesis and due to their
particular properties, these new chiral solvents should
play a central role in enantioselective organic chemistry
and hopefully expand the scope of chiral solvents. A
significant transfer of chirality in these solvents can be
expected due to their high degree of organisation. It
has been reported that most of the ILs possess a poly-
meric behaviour and are highly ordered H-bonded
liquids (three-dimensional networks of anions and cat-
ions linked together by hydrogen bonds).” These specific
properties suggest that CILs could outperform the clas-
sical chiral solvents for asymmetric induction.

Even though chiral ionic liquids are at a preliminary
stage of development, the results obtained in these new
media are often promising if not exciting and cover
fields as different as asymmetric synthesis (e.g., organic
and organometallic catalysis as well as biocatalysis),
stereoselective polymerisation, gas chromatography,
NMR shift reagents and liquid crystals. The aim of this
review is to highlight the recent breakthrough of CILs in
chirality transfer or chiral recognition when used as
solvent or co-solvent: the case of task specific ionic lig-
uids is beyond the scope of this review. In the first part,
the synthesis of CILs will be presented while the sec-
ond part will be devoted to their use in the field of
chirality.

2. Synthesis of chiral ionic liquids (CILs)

The more efficient, economic and simple way to prepare
enantiomerically pure ILs is to use precursors derived
from the chiral pool either for the generation of the
CILs anion or cation or for both. Therefore chiral ionic
liquids are mainly compounds having a central chirality.
However, some new CILs having an axial or a planar
chirality have also been developed.

2.1. CILs having a chiral anion

The first example dealing with the preparation of such a
chiral ionic liquid was reported by Seddon in 1999. The
chirality was brought by the lactate anion.® The [bmim][-
lactate] ionic liquid was simply prepared by anion ex-
change between [bmim]Cl] and commercially available
sodium (S)-2-hydroxypropionate in acetone. The CIL

was obtained after removal of NaCl by filtration and
evaporation of acetone (Eq. 1).

COONa
N HsC” \'H ~ coor
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-/ \~7/ H3C ‘H
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(1)

Recently, Ohno et al. prepared a library of 19 chiral
ionic liquids, starting from 1-ethyl-3-methylimidazolium
hydroxide and 19 natural aminoacids.® The use of an
imidazolium hydroxide allowed the direct synthesis of
various ionic liquids by neutralisation of the carboxylic
acid function, without the need of a metal salt (Eq. 2).
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All 19 compounds are viscous liquids at room tempera-
ture, showing a glass transition temperature ranging
from —57°C for [emim]ala] to 6 °C for [emim]glu],
and thermal stability over 200 °C, except for [emim]cys]
(173 °C). The variety of side chains allowed the authors
to draw some correlation between the nature of the ami-
noacid and the glass transition temperature (Table 1).
Increase of the length of the alkyl side chain leads to a
small increase of the T, (entry 1-3): an aromatic side
chain induces a larger increase of T, presumably due
to m-stacking interactions (entry 4). Introduction of very
polar units such as carboxyl or amide functional groups
induces dramatic increase of the 7T, (entries 5-8): car-
boxyl-containing ILs [emim][glu] and [emim]asp] were
also found to be insoluble in chloroform. Despite its rel-
atively long side chain and terminal amino group,
[emim][lys] shows a rather low T, (entry 9).

Table 1. Glass transition temperature of imidazolium carboxylates
derived from aminoacids

Entry IL T, (°C)
1 [emim]ala] -57
2 [emim][val] -52
3 [emim][leu] =51
4 [emim]phe] -36
S [emim]asn] —16
6 [emim][gln] -12
7 [emim]asp] 5
8 [emim][glu] 6
9 [emim]lys] —47

Some interesting trends were also found in the correla-
tion between ionic conductivity and glass transition tem-
perature: whereas most of these salts show a correlation
between T, and o; similar to ‘usual’ imidazolium salts,
ILs whose anion moiety comprises a very polar unit
present unusual low ionic conductivity, attributed to
hydrogen bonding or some other ion interaction
through their side chains.

(S)-10-Camphorsulfonate and (R)-1,1’-binaphthylphos-
phate were also selected as chiral anions for the design
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of new imidazolium based CILs.!® The salts were pre-
pared on multi-gram scale by simple anion exchange
of the commercially available [bmim]Cl] in a CH,Cl,/
H,0O medium. The camphor derivative proved to be a
viscous oil at room temperature while the binaphthyl
derivative is a white solid with a melting point of
80 °C. Both salts are highly hygroscopic.

/ /
© ©) (oo
Bu

o o
0 99

Bu SO;

2.2. CILs having a chiral cation

2.2.1. With central chirality from the chiral pool. Most
examples of chiral CILs are related to the use of chiral
cations, which are designed from various precursors
such as aminoacids and aminoalcohols, hydroxyacids,
amines and alkaloids or halogenoalkanes.

2.2.1.1. CILs from aminoacids and aminoalco-
hols. Different chiral ionic liquids were prepared start-
ing from this kind of precursors derived from the chiral
pool. Their diversity arises from the nature of the cation:
classical cations such as imidazolium and ammonium or
more original ones such as oxazolinium or thiazolinium.

e CILs having an oxazolinium cation

These original CILs having an oxazolinium cation
derived from aminoacids were reported by Wasserscheid
in 2001."" The oxazolinium cations were prepared in
four steps and 40% overall yield starting from (S)-valine
(Scheme 1). Reduction of the (S)-valine methyl ester fol-
lowing Masamune’s protocol using NaBH,~H,SO, in
THF afforded the corresponding aminoalcohols. Cycli-
sation into oxazoline was performed using propionic
acid in a classical way. Alkylation of the oxazoline using
bromopentane or bromomethane gave the correspond-
ing salts, which after anion metathesis with aqueous
HPF afforded the expected CILs. Their melting points

NaBHy, propionic acid J\/

PN coome HeSOs THE 2N OH ™ xylene N""0
—\ 94% —\ 48% _\
(S)-valine methyl ester RBr | 98%
HPFg, H,O
R = Me, n-Bu R~-N“0 ik R-N" 0
—/ 91% \

Scheme 1. Oxazolinium ILs from (.S)-valine.

are comprised between 63 and 79 °C. Despite the fact
that the reaction could be performed on a multi-gram
scale, the modest overall yield and the low stability of
the oxazolinium cation under acidic conditions pre-
cluded their use as chiral solvents.

e CILs having an ammonium cation

The same group also prepared, on a kilogram scale, two
chiral hydroxyammonium salts starting from (R)-2-
aminobutan-1-ol and (—)-ephedrine (Scheme 2).'! These
aminoalcohols were converted in three steps (Leuchart—
Wallach reaction, alkylation using Me,SO,4 and anion
exchange using LiNTf, in aqueous solution) into the
corresponding CILs with overall yields ranging between
75% and 80%. The ephedrinium salt has a melting point
of 54 °C and is insoluble in water. The salt obtained
from (R)-2-aminobutanol displays a surprisingly low
viscosity (7 =0.155 Pa at 20 °C) and is liquid down to
—18 °C. Both salts display a good thermal stability up
to 150 °C under vacuum.

1) Leuchart-Wallach reaction HO. o+
NH  2)Me,SO, 'T‘\ NTf,"

3) LiNTf,, H,0

HO.

80%
1) Leuchart-Wallach reaction

2) Me,SO,
) Mea504 HO\)\+/ NTf,
~

3) LiNTf,, H,0 N

75%

Scheme 2. Ammonium ILs from (—)-ephedrine and (R)-2-amino-
butan-1-ol.

Other ephedrinium salts having variable alkyl chain
lengths on the nitrogen group were prepared in two
steps by Vo-Thanh et al.!?> The synthesis was performed
using (1R,2S)-N-methylephedrine, previously prepared
by reductive amination of ephedrine using an Eschwe-
iler—Clarck procedure. The salt was then alkylated using
alkyl halides with different chain lengths and the
expected CILs were obtained after anion metathesis.
The alkylation step as well as the metathesis was per-
formed in a two-step but one pot procedure under sol-
vent free conditions using a microwave activation (Eq.
3). In most cases, good to excellent yields in ephedri-
nium salts were obtained in short time using this proce-
dure. All new salts are viscous liquids at room
temperature except for R =C;¢H3; and C4Hy with
X = PFg, which melt, respectively, at 95 and 92 °C.

+
\N/,R
HO. HO
1) RBr
2) MX
no solvent, MWI
10t0 91%

X = PFg, BF, OTf
R = C4Hg, CgH17, C1oHa1, C1Has

(3)
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Two new families of CILs were simply prepared by a
one-step acidification of naturally occurring o-aminoac-
ids and o-aminoacid ester salts.!?> The reactions were
performed in water using an equimolar ratio of a strong
acid (Eq. 4). This atom-economic reaction allowed a
clean preparation of CILs by simple evaporation of
the water under vacuum. Due to strong hydrogen bonds
involving the carboxylic acid function, most of the salts
derived from the a-aminoacid derivatives have high
melting points while esters derived salts are viscous oil
at room temperature.

COOH COOH

HX
H NN @)

X" = CI", NOg', BF,, PFg", CF,C0O0", 1/2 SO,

e CILs having an imidazolium or imidazolinium
cation

Bao et al. reported the synthesis in four steps of the first
chiral imidazolium ILs derived from natural aminoacids
[(S)-alanine, (S)-leucine and (S)-valine].'* The imidazol-
ium ring was formed by condensation of the aminoacid
with an aldehyde under basic conditions. Thus by react-
ing aminoacid, formaldehyde, glyoxal and aqueous
ammonia under basic conditions (controlled pH using
a NaOH solution), followed by esterification of the acid
function, the expected imidazoylalkanoic ester was
obtained. Reduction of the ester function using LiAlH,
followed by alkylation using bromoethane in CH;CCl;
gave the expected chiral ionic liquid (Scheme 3). The
new CILs were obtained after purification by column
chromatography with an overall yield ranging between
30% and 33%. They are miscible with water and polar
solvent (MeOH, acetone) and immiscible with weakly
polar solvent (diethylether, trichloroethane, etc.). They
show a good thermal stability (up to 180 °C) and their
melting points range from 5 to 16 °C.

N
R % N
1 NH3, OHC-CHO <N] 1) EOH HCI - ¢ ]
— N\
A TR L LK, .
’ R" “coona R \CH,0H
CHaCCly | EtBr
R = CHa CH(CHg)y GH,CH(CHy), /
N
¢+])
NT
k Br
R" “CH,OH

Scheme 3. Imidazolium ILs from aminoacids.

Chiral imidazolinium salts were prepared in five steps by
Guillemin et al. starting from N-Boc-(S)-valine.!> Reac-
tion of the protected aminoacid with z-butylaniline fol-
lowed by Boc-deprotection under acidic conditions
and reduction of the amide function into amine yielded

1) 2-tBu-aniline

HOOCWMK NH\»\K

2) Hydrolysis
NHBoc 3) LA, NH,
X = PFg, NTf,
R = CD3 n-CgH47, (CH,),0H with n=2,3,8 1) HCl
2) HC(OMe)s
() 1) RX ™\
NN-g : NN
+ 2) anion
metathesis
N

Scheme 4. Imidazolinium ILs from (S)-valine.

the corresponding diamine. After formation of the dia-
mine chlorohydrate using HCI and condensation with
triethylorthoformate, the imidazoline was recovered.
The expected imidazolinium salts were obtained after
classical alkylation with various alkyl halides and anion
exchange (LiNTf,, HPFy). They were purified by silica
gel chromatography (Scheme 4).

By taking advantage of the pre-existing imidazole ring in
histidine, our group recently designed a new family of
ionic liquids that retain the amino and carboxyl func-
tions of the original natural aminoacid in a protected
form, thus allowing further functional modifications
(Scheme 5).!%® Simultaneous protection of two nitrogen
atoms via a cyclic urea, followed by alkylation and sub-
sequent opening of the urea by #-butanol afforded the
fully protected N-(1)-alkylated histidine derivative,
which was then selectively alkylated at the N-(3) posi-
tion. Anion metathesis afforded the corresponding
NTf, or PF¢ salt as a low melting solid and a liquid,
respectively.

MeO,C MeO,C MeO,C
NHy  1)Im,CO NHBoc NHBoc
oHCI 2) Mel 1) nBuBr Bu
N\ 3)DIEA,1BUOH ) N 2)anion ] g
) ) metathesis +N/ i
H 50% | 83-90% | X
1
Imco=¢ N NN
0= (370

Scheme 5. Imidazolium ILs from histidine.

e CILs having a thiazolinium cation

In 2003, our group proposed a novel class of chiral ionic
liquids based on thiazolinium salts.'® These new chiral
ILs were prepared in four steps starting from an amino-
alcohol [(R)-2 aminobutan-1-ol or (L)-phenylalaninol]
with fairly good overall yield (60-68% yield). The key
precursors (the thiazolines) were synthesised by reacting
a dithioester and the aminoalcohol followed by cyclisa-
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or LiNTf,, CH,Cl,

S
/Pr—<\ l
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X ot TEt
R

R =Cy4Hg, C12Hzs
X =BF, PFg N(Tf),

Scheme 6. Thiazolinium ILs from aminoalcohols.

tion of the intermediate thioamide in the presence of
mesyl chloride and Et;N.!7 The CILs were obtained
after alkylation of the chiral thiazoline with an alkylha-
lide followed by anion exchange using LiNTf,, HPF¢ or
HBF,4 (Scheme 6). Melting points of the new CILs
depend on the length of the N-alkyl chain and on the
nature of the counter anion (from 137 °C to tempera-
tures below 0 °C). The thiazolinium based ILs show a
good thermal stability. Moreover, they are stable under
basic and even under acidic conditions unlike their oxy-
gen counterparts, the oxazolinium salts.!!

2.2.1.2. From amines and alkaloids. A chiral amine,
1-phenylethylamine, was used as a precursor for the syn-
thesis of a chiral IL having an imidazolium cation.'* The
imidazole ring was formed by reacting formaldehyde,
ammonia, glyoxal and the chiral amine under basic con-
ditions. After alkylation and anion exchange, the chiral
imidazolium salt was obtained with a low overall yield
(30%) (Scheme 7). Its high melting point (90 °C) pre-
cluded its use as chiral solvent.

</N] N/ N/
NHg, glyoxal EtBr </N+] NaBF, </+]
Br

HCHO 1 cHCel
HsC™ “ph

Ph”” ~NH,
BF, N

BN

HaC™ “ph HsC™ “ph

Scheme 7. Imidazolium IL from l-phenylethylamine.

The 1-phenylethylamine was also used for the synthesis
of various other imidazolium derivatives.'® The imidaz-
ole moiety was prepared in three steps: monoalkylation
of the amine using 2-chloroethylamine, ring closure of
the diamine using an ortho ester leading to the
corresponding 4,5-dihydroimidazoles and manganese
oxidative dehydrogenation of the partially saturated
heterocycle leading to various C-2 substituted or unsub-
stituted imidazole rings. If the yield is excellent for the
cyclisation (81-93%), the alkylation and the oxidative
dehydrogenation give moderate yields (45% and 58%,
respectively). The corresponding CILs were obtained
after quaternisation and anion metathesis. BF; and
NTI, salts are liquid below rt and exhibit glass transition
temperature at —39 °C and —48 °C, respectively, even if

Me Ph Mﬁ Me
.H
Ph\(‘\H CICH,CH,NH, H\I\C RC(OEt) Ph—{
—_— = N
NH, (0.5eq.) ] AcOH R— j
HaN N
BaMnOy,
4-AMS
Me Me Me
Ph\(\H Ph\<~H Ph\(\H
N NaBF, N CHg(CHy),Br N
R 1| “orunTs, R— ] R— ]
_*N N N
X Catyy Br' CeHyy

Scheme 8. 2-Alkylimidazolium ILs from I-phenylethylamine.

the C-2 position is substituted (Scheme 8). Two salts,
having a dihydroimidazolium cation, were also prepared
by the same process. These salts show a lower glass tran-
sition temperature and a lower viscosity than their imi-
dazolium analogues due probably to disruption of the
aromaticity in the heterocycle.

Subsequently, the (R)-(+)- or (S)-(—)-1-phenylethyl-
amine was used for the preparation of both enantio-
meric series of chiral ILs having a pyridinium cation.
The chiral pyridinium salts were obtained using the
Marazano’s route by reacting the Zincke’s salt readily
obtained from pyridine and 1-chloro-2,4-dinitrobenzene
with one or the other enantiomer of the chiral primary
amine (Scheme 9).!° The absence of epimerisation dur-
ing the process was checked by "H NMR in the presence
of enantiopure europium salts and confirmed by specific
rotation. The new chiral salts are miscible with metha-
nol, dichloromethane and acetone and immiscible with
hexane and 1,1,1-trichloroethane. PFs and NTf, salts
are as usual immiscible with water. The melting point
depends on the nature of the counter anion (from 125
to —30°C) going down from chlorine to hexafluoro-
phosphate, tetrafluoroborate and NTf,. Only the NTf,
salt is liquid at room temperature. All these new pyrid-
inium salts show good thermal stability.

cl Ph o Me ph_ Me
Na NO, \NrH Nk
(- No, —— Ty
7
S @
()

=

HX or LiX J

X = BF4, PFg NTY; Ny X
(J

Scheme 9. Pyridinium ILs from 1-phenylethylamine.

Another amine derived from the chiral pool, (S)-
nicotine, was used by Kitazume? for the synthesis of
an ionic liquid. (—)-N-Ethylnicotinium-bis(trifluoro-
methanesulfonyl)amide was prepared by alkylation of
nicotine with an ethyl bromide followed by anion
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metathesis with (CF3S0,),NLi (Eq. 5). This optically
active ionic liquid was patented in 2001.

. . +
Z [> 1) EtBr Z [E

) ’Tl | /N\ "NT, (5)
SN 2) LiNTf, SN Et

2.2.1.3. From hydroxyacids. Inexpensive (S)-ethyl
lactate was also selected as a precursor for the design
of a new family of CILs.?! After transformation into
its triflate derivative using triflic anhydride and 2,6-luti-
dine, the lactate was reacted with 1-methylimidazole in
diethylether at —78 °C affording the corresponding salt
in excellent yield (92%). The melting point of the salt
being rather high (73 °C), anion metathesis using
HPF,, LiNTf,, LiN(SO,C,Fo)Tf and LiN(SO,CsFs),
was performed with good yields (73-94%) (Scheme
10). The advantage of this methodology relies on the
fact that no trace of halide, often incompatible with cat-
alytic processes, is present in these CILs. All the new
salts are liquid at room temperature showing glass tran-
sitions between —50 and —58 °C. Unfortunately, due to
the high acidity of the proton adjacent to the carbethoxy
group, racemisation of the CILs were observed in the
presence of a weak base.

\ \
1) Tf,0, 2,6-lutidine N anion '&9
OH CH,Cl, <g9] metathesis (! j
. ——— N
“COLEt 2) 1-methylimidazole —( TO X
Et,0 CO,Et CO,Et

X = PFg, NTfy, N(SO,C5Fs)s, N(SO,C4Fo) T

Scheme 10. Imidazolium ILs from (S)-ethyl lactate.

The tartrate backbone was used for the design of a
dicationic chiral imidazolium salt.'® Upon reacting the
corresponding ditosyl intermediate with methylimidaz-
ole at 70 °C for 20h, the bis-imidazolium salt was
obtained in 61% yield after washing off with ether (Eq.
6). The salt has a melting point around 60 °C.

| TsO" .
N TsO
TsO OTs [ > \N/\N N@N/
d o D i

){ neat, 70°C O><O
(6)

The tartrate backbone was also used for the synthesis of
mono- and bis-imidazolium hexafluorophosphate and
tetrafluoroborate salts.??

+N/
OBz /4 X
N \/)

X = Br, BF, PFg

7/ "N

2.2.1.4. From terpenes. Malhotra et al. have de-
signed a series of chiral ionic liquids based on a a-pinene
chiral cation and several anions (Scheme 11).23

3%,

L
P

N

\/
K

Scheme 11. ILs from o-pinene.

Commercially available (1S5,2S5,5S)-myrtanol, also
accessible starting from a-pinene, was used as a precur-
sor for the synthesis of a new CIL.!%23 The correspond-
ing tosylate was reacted with neat methylimidazole at
100 °C during 24 h (Eq. 7). The imidazolium tosylate
salt was obtained in reasonable yield (60-80%) after
washing with CH,Cl,/H,O mixture.

\
N
OTs
ALy
' N

S o | Bo | e
100°C, neat N N—

Imidazolium and pyridinium salts with a chiral side
chain derived from (3R)-citronellol were prepared from
the corresponding citronellyl bromide and alkylimidaz-
ole or pyridine.?* Dialkylation of the starting 1-H-imid-
azole yielded the (-2 symmetric derivative. Some
examples of the obtained structures were shown to exhi-
bit liquid crystal properties (see Section 3.5).

g
+ +

R =Me, Bu, C2Has, C14Hz2g, C1gHa7,
(3R)-citronellyl

46-94 % 98%

Armstrong et al. described the synthesis of both enanti-
omers of a chiral imidazolium salt bearing a menthyloxy
side chain by alkylation of methylimidazole with the
commercially available (+)- or (—)-chloromethylmenth-
ylether, respectively, followed by anion metathesis with
LiNTf; (Eq. 8).%° The new ILs are obtained in excellent
yields (90%) without further purification.
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1) N-methylimidazole
PO 2) LiNTf,

07l @N/

(8)

The same (—)-chloromethylmenthylether was also used
for the synthesis of ammonium salts via a Menschutkin
reaction with various tertiary amines (Eq. 9).>° Whereas
most chlorides exhibit a rather high melting point (ex-
cept trimethyl derivative, mp = 31-33 °C), all N-bis(tri-
flimide) derivatives obtained after anion metathesis are
viscous liquids, showing a glass transition below
—30°C.

NR1R2R3
+R
o0 >¢ ) anion metatheS|s 0" >N-R?2 A\

Y = BFy, PFg, CF5COp, NTf,
)
Two other chiral ILs derived from L-(—)-menthol®’ were
prepared in three steps: alkylation of alkylimidazole
(R = CH;, n-C;gH33) with menthylchloroacetate previ-
ously formed by esterification of chloroacetylchloride

with L-(—)-menthol, and anion exchange using HPFq
in water (Scheme 12).

“NTf,

\_/ \> ~ ~_
j/ o ‘ HPF, OYO :
70°C +N CHz H,0 +N’CH2\©
\> cr [ > PRy
N
R R

R= CH3Y n-C1GH33
Scheme 12. Imidazolium ILs from (—)-menthoxyacetyl chloride.
Pinene-fused pyridinium salts®® were prepared from (+)-

pinocarvone by Kréhnke condensation followed by
alkylation (Scheme 13). The obtained pyridinium salts

©+ O NHOAc
o /NJJ\ CH3CO.H N7
cr (CH4CO0),0

TfOEt, CgHg
or Etl, EtOH then CF3CO,Ag, H,0O

X
| ~
Y
ox
X = TfO" or CF5COy

Scheme 13. Pinene-fused pyridinium ILs from (+)-pinocarvone.

are highly viscous liquids with a glass transition below
0 °C and thermal stability up to 200 °C for the triflate
salt and 160 °C for the trifluoroacetate. Both ionic lig-
uids were tested as solvent in a Suzuki cross-coupling
reaction and a nickel-catalysed Michael reaction:
although good yield of the desired products were ob-
tained, no enantioselectivity was observed.

2.2.1.5. From chiral bromoalkanes and alcohols. By
extension of the ‘chiral pool” definition (the chiral pool
is a term used to include carbohydrates, aminoacids, lip-
ids, terpenes and alkaloids obtained from plant and ani-
mal sources, and also synthetic enantiomers that are
produced on a large scale), one can say that chiral
alkylhalides and chiral alcohols are compounds derived
from the chiral pool. As early as 1997, Howarth et al.
prepared a moisture stable dialkylimidazolium salt hav-
ing a chiral alkyl chain arm on each nitrogen.?® The
homochiral 3-bis-((S)-2-methyl-butyl)-1 H-imidazolium
bromide was synthesised according to Welton proce-
dure’® by bis-alkylation of trimethylsilylimidazole with
the chiral (S)-1-bromo-2-methylbutane (Eq. 10). The
yield was quite poor (21%) but the synthesis was
straightforward. This chiral IL was not used as a solvent
but as a chiral Lewis acid in an enantioselective Diels—
Alder reaction.

SiMeg
N (S)-1-bromo-2-methylbutane ~
tol 110°
(\ E oluene, 110 °C /\rN®N/\/\

219
% Br

(10)

Two unsymmetrical chiral imidazolium salts were also
prepared using in the key step, a Mitsunobu alkylation
of the cheap imidazole by a mild electrophile, that is, a
chiral alcohol, thus avoiding the bis-alkylation problems
and allowing a wide diversity in terms of chirality.3! The
best results (75-88% yields) were obtained using a recent
variant of the Mitsunobu reaction using PBu;-TMAD
(N,N,N’,N'-tetramethylazodicarboxamide) in large excess
(10 equiv of each). The inversion of the stereogenic
centre was confirmed by comparison with authentic
samples independently prepared using the correspond-
ing chiral amines. However, if the reaction was fully
stereoselective with (S)-2-hexanol, a lower stereoselec-
tivity (86% ee) was observed when using (R)-o-methyl-
benzylalcohol. The N-substituted imidazoles were then

N \ 4
N R*OH N Mel N
¢l - — (] "<
N Mitsunobu conditions l}l* quantitative I}l*
H PBu5-TMAD (10 eq) R R
75-88 % yield "liquid"

R*OH = \/\/\OH » Ph™ "OH

Scheme 14. Imidazolium ILs from chiral alcohols.
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N OH
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2) Et3N (1.5 eq) ) |
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+ ~ | OMs
Ny OMs ->Cl exchange resin Q
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Scheme 15. Pyridinium ILs from an epoxide.

converted to the corresponding imidazolium salts by
alkylation with methyliodide (Scheme 14). The two
new salts are liquid at room temperature.

Two CILs having a pyridopyrazinium cation were pre-
pared via oxirane ring opening by a bihaptic nucleophile
followed by subsequent cyclisation of the resulting prod-
uct (Scheme 15).3? The reactions were performed using
cyclohexene—oxide and picolylamine. The ring opening
occurred at 70 °C in the presence of Al(OTf);. After
tosylation of the amino group, mesylation of the alcohol
function at 0 °C in dichloromethane afforded the B-ami-
nomesylate in 70% yield. The cyclisation was extremely
slow starting from the mesylate derivative, however after
OMs—Cl exchange using a resin, the cyclisation
occurred cleanly at 40 °C in a MeOH/H,O solution
affording in 80% 3yield the corresponding ionic liquids.
NOESY and '""C-'H correlations confirmed the
expected cis stereochemistry.

2.2.2. With axial chirality by asymmetric synthesis. Our
group proposed for the first time the design and the
synthesis of pyridinium ionic liquid crystals with axial
chirality.®®33 These new pyridinium salts with a 1,3-
dioxane ring in their central core were synthesised by
enantioselective dehydrohalogenation using chiral alk-
oxides. It is important to note that these chiral ILs are
not obtained from the chiral pool but are synthesised
via an enantioselective reaction. The dibrominated cyc-
lic acetals are obtained from the ethylenic precursor,
which was prepared by acetalisation. The stereoselective

— H  2-methylene propanediol — @)
e} , toluene, reflux e}
overnight
C10H21;N/ | =
Br X OO Y TTmmmmmm--
H
R =Br, alk

Scheme 16. Synthesis of pyridinium ILs with axial chirality.

Bl'z, CC|4

0°C,2h

bromination gave exclusively the cis-dibrominated ace-
tal, which was isomerised into its trans isomer by treat-
ment with hydrobromic acid vapours. Finally, an excess
of chiral alkoxide derived from N-N’-dimethylnorephe-
drine, yielded the brominated compound bearing a chi-
ral axis in excellent enantioselectivity and yield. The
development of a large series of chiral ILs is easy from
the obtained chiron. The chiral ILs were obtained
directly either by quaternisation or by a two-step sequence
(cross-coupling and quaternisation) (Scheme 16). The
main advantages of these chiral ILs in asymmetric syn-
thesis are their low melting points (below —20 °C in cer-
tain cases), and a high liquid crystal organisation (see
Section 1.2.5).

2.2.3. With planar chirality. Only one example using
planar chirality was proposed in the literature. Saigo*
et al. designed chiral imidazolium salts with cyclo-
phane-type planar chirality. The salt was easily prepared
in two steps: N-alkylation followed by cyclisation
(Scheme 17). The yield was however quite low (36%)
mainly because of the formation of undesired oligomeric
salts. In this structure, the C-(4) methyl group is essential
to induce the planar chirality and to lower the melting
point. The C-(2) methyl group is placed to avoid the rac-
emisation of the planar-chiral cyclophane. With the bis-
(pentafluoroethanesulfonyl)imide counter ion, a melting
point of —20 °C was obtained.

CHs  1)NaH CHa HC_
)\ 2) Br(CHo)1oBr ~ //7\ CHaCN Br + ¢ |
N NH N N N

THF Y \(\CH A m
r
CHs 54% CHg "2 g0 CHy
anion
metathesis
HsC
X = NTt, NSO.CoFs)y NT/N:>
CHs

Scheme 17. Synthesis of imidazolium ILs with planar chirality.
Replacement of the alkyl chain by a polyether chain??

resulted in a better yield of cyclised product (81-82%),
at a hundredfold higher substrate concentration and

H

Br
Br <
- Br  HBr vapors N~ H
o s e
X fe) ~—H = _ f6) Br
H
H H
cis

trans

Br > /
NN o P e, 9
N 0
H

KH (2,5 eq), THF, -80 °C

up to 96% ee
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without formation of oligomers. This was explained by
the tendency of the vicinal oxygen atoms to adopt a
gauche conformation, which would impart the polyether
chain a curved structure favourable for the cyclisation.
Moreover, the racemic bis(trifluoromethanesulfonyl)-
imide salt was found to be liquid at room temperature
(Ty —42 °C) and insoluble in water.

3. Applications

Ionic liquid are highly organised structures.>® As stated
by Dupont:*’ ‘pure imidazolium ionic liquid can be
described as polymeric hydrogen-bonded supramole-
cules®® and in some cases when mixed with other mole-
cules, they should better be regarded as nanostructured
materials with polar and non polar regions rather than
homogeneous solvent’. With the chiral derivatives, it
may be possible to use the solvent structuration, which
is the basis for molecular recognition, to devise stereo-
selective reactions. In Section 3, we will report the preli-
minary results obtained in the general field of chiral
recognition with chiral ionic liquids.

3.1. Chiral solvents for asymmetric synthesis

In 2004, Vo-Thanh et al. reported the first significant
asymmetric induction in the use of an enantiomerically
pure ionic liquid as solvent and only source of chiral-
ity.3® The Baylis-Hillman reaction of benzaldehyde
and methyl acrylate, in the presence of one equivalent
of DABCO and a chiral ionic liquid derived from (—)-
N-methylephedrine,'? afforded the alkoxyester with up
to 44% ee (Eq. 11).

o) Q DABCO, 30°C OH O
)J\H + ﬁOMe Ar)\H)J\OMe

Ar

\+
N/CsH17

Roﬁ/'\ Tio-  30-78% (ee 20-44%)
Ph

(11)

The presence of the hydroxyl group is necessary to
obtain high enantioselectivity: the corresponding acyl-
ated ionic liquid gave only 7% ee with a chemical yield
similar to the one obtained with the free hydroxyl
group (Table 2, entries 1 and 3). The reaction could
be extended to other aromatic aldehydes: electron rich
p-methoxybenzaldehyde gave a higher enantiomeric
excess but a lower yield (entry 4), whereas electron
deficient aromatic aldehydes afforded slightly higher
yields but lowered enantiomeric excesses (Table 2,

Table 2. Enantioselective Baylis-Hillman reaction

Entry Ar R Yield (%) ee (%)
1? Ph H 78 (75) 23 (24)
2° Ph H 60 44
3 Ph Ac 77 6
4 p-MeOPh H 36 30
5 p-CIPh H 82 16
6 3-Py H 83 6
7 p-NO,Ph H 87 1

Aldehyde-methyl acrylate-DABCO-LI* = 1:1:1:1;

30 °C; time = 4 days.

#Yield and ee obtained with recycled IL is given in brackets.

® Aldehyde-methyl acrylate-DABCO-LI* = 1:1:1:3; temperature =
30 °C; time = 7 days.

temperature =

entries 5-7). Formation of an hydrogen bond between
the OH group of the ionic liquid and the nitrogen of
pyridine-3-carboxaldehyde or the NO, group of the
p-nitrobenzaldehyde is believed to be responsible for
the very low ee observed with these last two
substrates.

The chiral ionic liquid could be recycled by dissolving
into dichloromethane and washing with water, and
reused without loss of either yield or enantiomeric excess
(Table 2, entry 1, in brackets). It is worth noting that a
control experiment using N-methylephedrine as the chi-
ral catalyst gave a low enantiomeric excess of 9% (chem-
ical yield: 75%), ruling out the presence of residual
N-methylephedrine in the ionic liquid as the source of
enantioselectivity.

Recently, Armstrong et al. reported the enantioselective
photoisomerisation of dibenzobicyclo[2.2.2]octatriene
diacid in chiral ionic liquids.?® Irradiation at 300 nm
of the diacid in a chiral ionic liquid in the presence of
an added base afforded the photoisomerised product
with ee up to 11% (Eq. 12).

CO,H
HOLC
HO,C 24 COH
Py a2
O chlraI IL
60-97% (ee 2.3-11.6 %)
/
LG o e/
) TN N ON— NTR
“0 Ph

(12)

Various ammonium or imidazolium ionic liquids, as
well as different bases, were used in this study: the best
ee was obtained with the ammonium salt derived from
N-methylephedrine, saturated with NaOH. In most
ionic liquids no enantioselection occurred in the absence
of the added base, as well as when the reaction
was conducted on the parent isopropyl or methyl
ester. Moreover, the use of either enantiomer of
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N-methylephedrine and the chiral ionic liquid showed
no significant difference in enantioselectivity. Strong
interaction of the carboxylate ion and the ionic liquid
is thus believed to be responsible for the observed
enantioselectivity, deprotonation of the acid substrate
being the only role of the base. A control experiment
using N-methylephedrine in the achiral ionic liquid
[bmim]Cl] did not afford any enantioselectivity in the
photoisomerised product.

Chiral menthol-derived imidazolium salts (Eq. 12)
induce enantioselectivity without the need of any added
base. As expected if the diacid is already largely dissoci-
ated in this IL, addition of an amine had only a mar-
ginal effect on enantioselectivity.

The nicotinium salt prepared by Kitazume (see Section
2.2.1.2) was examined as solvent in the kinetic resolution
of 1-(4-methoxyphenyl)-ethanol mediated by the Pseu-
domonas cepacia lipase (Eq. 13).2° The reaction was car-
ried out at room temperature without any co-solvent.
Low enantioselectivities were obtained in this new
media.

OH

OH vinylacetate MeO ee 35%
Pseudomonas cepacia lipase

Total recovery 83%

OMe X N.
racemic | méE OAc
N ;
TiN MeO ee 69%

(13)

In 2003, Brunner et al. reported the use of the chiral IL
(S)-1-methyl-3-(2-methylbutyl)imidazolium hexafluoro-
phosphate in the palladium catalysed Heck oxyarylation
of 3-benzyloxypterocarpan.*® The CIL was used both as
solvent and ligand since imidazolium salts could form a
carbene ligand. Although the conversion was fairly
good, the selectivities were rather low (Eq. 14). Addition
of PPhj as ligand increased the yield up to 45% but the
chiral induction was completely lost.

PdCl,:
PdOAc,:

Mono- and bis-imidazolium CILs were used as chiral
co-solvents in enantioselective Michael additions of mal-
onates onto enones (Eq. 15).2? Toluene was found to be
a better co-solvent than DMF or DMSO. Slight differ-
ences in chemical yield and enantioselectivity were

observed when varying the counter anion of the
lactate-derived imidazolium IL, Br™ giving the best re-
sults (96%, ee 25%).

EtO,C.__CO,Et
o} o}

A . <COOEt ClL/toluene .
O O COOEt KoCOq O O
90-95% (ee 10-25%)

+ /
OBz FN PFe
NN N_/
ciL: N7 NN~ (/\JN
. BzO PFg /N+ OBz

93-96% (ee 23-26%)
(X = Br, BF,, PFg)

95% (ee 10%)
(15)

3.2. Chiral solvents for stereoselective polymerisation

Two applications of chiral ionic liquids as solvent for
polymerisation were recently reported. Apart from the
fact that the use of ILs allows to considerably reduce
the extent of the undesirable side reactions, a clear
effect on polymer tacticity was observed when chiral
ionic liquids like [mbmim*J[PF¢*' or 3-(2-ethoxy-
1-methyl-2-oxoethyl)-1-methylimidazolium hexafluoro-
phosphate or tetrafluoroborate*? were used for atom
transfer radical polymerisation (ATRP) of acrylic
monomers.

Wan et al. have used chiral ILs for the free radical poly-
merisation of vinyl monomers.?” Two chiral ionic liquids
were designed for this purpose, the 1-(—)-menthoxy-
carbonylmethylene-3-methylimidazolinium hexafluoro-
phosphate and the 1-(—)-menthoxycarbonylmethylene-
3-hexadecylimidazolinium hexafluorophosphate were
tested. The reverse ATRP (atom transfer radical poly-
merisation) of MMA was performed in these two CILs
at 80 °C using AIBN as an initiator and CuCl, com-
plexes with bipyridine as a catalyst. The monomer con-
version was comparable to the one observed under bulk
condition. However, the polydispersity of the polymer

28% (ee 4°/o)
13% (ee 5%)

was far much better in the CILs (M,/M, < 1.20) than
in the absence of IL (M/M, = 2.07). This result could
be explained by the good solubility of the catalyst com-
plex in the medium, which would promote a well-con-
trolled polymerisation.
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3.3. Chiral phases for gas chromatography

Recently, a chiral ionic liquid was used as a stationary
phase for the resolution of organic compounds in gas
chromatography.*> The CIL used is the ephedrinium
salt reported by Wasserscheid.!! The capillary columns
used were simply coated using the static method at
40 °C with a 0.25% (w/v) of the CIL stationary phase
dissolved in DCM. The chiral IL proved to show enan-
tioselective retention for at least four classes of com-
pounds: alcohols, diols sulfoxides and acetylated
amines. The easy access to both enantiomers of the chi-
ral IL allowed the reversal of the enantiomeric elution
order, which cannot be done with the more classical chi-
ral selectors such as cyclodextrin. The ephedrinium sta-
tionary phase proved to be very stable and a loss of
enantioselectivity was only observed with alcohols after
several weeks of use at temperature higher than 140 °C.

OH OH

= OH | = e
- ~ N\ ~
(1S,2R) (1R,2S) (15,29)

An example of the separation of two alcohols and a diol
using a column coated with the (15,2S)-ephedrinium salt
is shown in Table 3.

3.4. Chiral shift reagents in NMR

In 2002, Saigo et al. reported®* diastereomeric interac-
tions between the racemic imidazolium cation and chiral
(S)-10-camphorsulfonate anion, thus demonstrating the
chiral recognition ability of the chiral IL. The '"H NMR
spectrum of a chloroform solution of the two salts
showed a slight splitting of the doublet for the C-(5)-
H which can be assigned to the two diastereoisomers.
However, before being used as a chiral solvent, this 1L

salt should be resolved.
'oas; o)

Recently, the same group?> has modified the structure of
this planar ionic liquid by replacing the cyclophane ring,
by a polyether bridge. The presence of this pseudo
crown-ether moiety allowed a better interaction between
the planar chiral ionic liquid and chiral enantiopure
europium complexes, allowing a splitting of ca. 13-

iy ot
S Y

CH3 CH3

Table 3. Retention times of chiral alcohols using an ephedrinium salt
as stationary phase

Alcohol Retention time (min) At (min)
sec-Phenethylalcohol 7.03 and 4.63 0.60
1-Phenyl-1-butanol 13.2 and 14.13 0.93
trans-1,2-Cyclohexanediol 18.18 and 19.74 1.56

18 Hz for the C-(5)-H imidazolium signals. The larger
splitting is attributed to coordination between the oxy-
gen atoms of the polyether unit and the europium salt
(see Table 4).

Table 4. NMR splitting of a chiral europium salt with a planar chiral
imidazolium IL

Me
=
!\/NYN\/I NTY,
O\/\o/\/
Me
Rf
0 R!'=CyF; AJ=10.5Hz
4 Eu R!'=CF; AJ=18.6Hz
o}
3

Wassercheid!'* and Gaumont'®® have also probed, by
F NMR spectroscopy, diastereomeric interactions
between a racemic mixture of Mosher’s acid salt and,
respectively, a chiral ephedrinium and a thiazolinium
salt.

For the ephedrinium salt, a study on the influence of the
ionic liquid concentration in CD,Cl, on the extend of
the signal splitting showed that a minimum concentra-
tion of 0.3 mol/L of ionic liquid is required to have a
reasonable splitting. Moreover, addition of a small
amount of water to the chiral IL resulted in an increase
of the signal splitting which amounts to 10 Hz.'!2

With the thiazolinium salts, the spectra were recorded in
CeDg. The splitting of the two diastereomeric CF;5 sig-
nals depends both on the concentration of the thiazolin-
ium salt and on the structure of the IL cation (Table 5).
Replacement in the thiazolinium cation of the ethyl
group o to nitrogen by a benzyl group allows a great
extend of the CFj signal splitting from 1 to 30 Hz with-
out the need of an additional co-solvent (water). In the
"H NMR spectrum, a splitting of the Mosher’s acid salt
methyl group signal was also observed (5 Hz). With the
ethyl, N-benzyl derivative, the splitting amounts to
31 Hz. A =m-stacking interaction between the two phenyl
groups can account for the better interaction between
the two salts. The use of various enantioenriched sample
of Mosher’s acid salts led to the determination of their
enantiomeric excess by NMR integration.

Table 5. '’F NMR splitting of Mosher’s acid salt signals by thiazo-
linium ILs

s AJ (Hz)
\;}{’R 1 equiv 5.5 equiv + H,O
iy
(S), R=Et, R"=Bu 1 11
(R), R=Bz, R"=Bu 30 —
(R), R =Bz, R' = Et 31 —
In 2004, enantiopure imidazolinium salts were

reported!’ to have a similar behaviour. Diastereomeric
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interactions with the racemic Mosher’s acid salt were
observed by 'H and 'F NMR. The extent of the split-
ting depends on the nature of imidazolinium side chains.
A bulky group and a hydroxyl one favoured a broad
chemical shift difference between the methoxy group
and the CF;3 group of the Mosher’s acid salt moiety
allowing the use of this salt for the determination of
enantiomeric excesses (see Table 6).

Table 6. '°F NMR splitting of Mosher’s acid salt signals by imidaz-
olinium ILs

\ AJ (Hz)*
QN\?N‘ R2 )
R1

R! R2 g 19p
tBu CH,CH,OH 54.7 40.4
tBu CH,CH,CH,OH 60 63
tBu (CH,)sOH 12 —
Me CH2CHZOH 7.4 —

#Spectra recorded in CD,Cl, in presence of 18C6 crown ether.

3.5. Chiral liquid crystals

Tonic liquids presenting thermotropic mesophases are
attractive new materials because they can be considered
as highly structured solvents. They could increase the
selectivity in reactions by ordering reactants, or be used
as templates for the synthesis of mesoporous materials
and ordered thin films. In this context, we have de-
scribed the first synthesis of a novel family of chiral ionic
liquids in which the stereogenic unit is a chiral axis and
the ‘ionic liquid/liquid crystals’ (ILCs) properties are
tuned by the constitution of the salts (geometry of the
rod-like core and nature of the anion).®*33 The con-
struction of chiral precursors was realised as shown in
Section 2.2.2 (Scheme 16).

The anionic counterion plays a crucial role for the phys-
ical properties of ionic liquids (solubility, viscosity and
melting point). Physico-chemical properties of selected
examples (either in racemic or enantiomerically pure
form) of new IL?Cs were examined. The presence and
the nature of anisotropic phases were checked by polar-
ised microscopy and the transition temperatures were
obtained with a Differential Scanning Calorimeter
(DSC, heating rate of 10 °C/min) (see Table 7).

Most of these new compounds exhibit the expected
properties: low melting or glass transition temperatures
and thermal stability up to 150 °C and more. More
interestingly, they present liquid crystalline state in a
wide range of temperatures. Different phases can be
observed depending on the structure of the rod-like cation
and the nature of the anion (Table 7). Generally, meso-
phases can be observed only when the central core bears
long chains on both sides. The central core of this mole-
cule is rather small and these two chains are necessary to
obtain rod-like calamitic molecules. The transition tem-
peratures (glass transition, melting point and mesomor-

Table 7. Transition temperatures of pyridinium ILs with axial chirality

RZ
Ry Z ~H
X X o)
H
Abs. conf. R! R? X
(RS) CioHz1  p-BuO-CgHy 1 N471
(R) C10H21 [J-BU07C6H4 1 N* 39/45 1
(RS) Cl()H21 p-OCtO—C6H4 1 G22Sm921
(RS) CiH; CisHy Br K 52 Sm 149 I
(RS) CioHa1  CigHiy I Sm 41 N 90 Lyccomp
(R) CioHai  CisHig I Sm; 50 Sm, 90 I
(RS) CioH21  CgHyy 1 Sm 44/55 1
(R) CioHar  CgHyy I N* 35/40 1
(RS) CioHy CgHyy Br SmC 55 1
(RS) CioHa1 CgHyy BF, G -25Sm 921
(RS) CioHz1  CgHyy PFs G -351
(RS) CioHz; CgHyy (THN G —-431

(RS): racemic; K: crystal, G: glass, N: nematic, N*: chiral nematic
(cholesteric), Sm: smectic, SmC: smectic C.

phic transitions) do not significantly depend on the
enantiomeric composition of the chiral material. How-
ever, the nature of the mesophase is affected by the enan-
tiomeric purity: cholesteric (N*) phases are observed for
pure (R) compounds while nematic or smectic phase is
observed for the racemic mixtures. Obtention of liquid
crystalline properties is more easily observed with
halogen or tetrafluoroborate anions. Such effect of the
size of the anion (but also probably charge delocalisa-
tion) was already observed in some other series present-
ing mesomorphic properties.** The bigger anions
should decrease the packing of the cationic mesomor-
phic units.

The mesogenic properties of citronellol derived imidazo-
lium and pyridinium salts were studied by Laschat
et al.?* Asymmetric imidazolium bromides with short
alkyl chains (i.e., methyl, butyl or hexyl) display only
a glass transition (below —50 °C), whereas the dodecyl
and octadecyl compounds display a crystal to isotropic
liquid transition at 6 °C and 41 °C, respectively. More-
over, tetradecylcitronellylimidazolium bromide displays
a crystal to mesogenic phase transition at 9 °C, and a
mesogenic to isotropic liquid phase transition at 45 °C.
Tetrafluoroborate analogs with a methyl or a dodecyl
side chain were shown to have thermal behaviour very

1-methyl-3-dodecylimidazolium bromide 4-butyl-N-[(4-methoxyphenyl)-

methylene]aniline
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similar to bromides. The symmetric bis(citronellyl)imi-
dazolium bromide and citronellylpyridinium bromide
display only a glass transition at —56 and —47 °C,
respectively. However, examination with a microscope
of citronellylpyridinium bromide between cross-polaris-
ers reveals a fan-shaped smectic texture at —56 °C. A
study of mixtures of 1-methyl-3-citronellylimidazolium
bromide with two known mesogens, smectic 1-methyl-
3-dodecylimidazolium bromide and nematic 4-butyl-N-
[(4-methoxyphenyl)methylene]aniline, was also carried
out by this group.

Addition of increasing amounts of the chiral dopant to
the achiral imidazolium salt induced a decrease of the
width of the smectic A phase, until only melting can
be observed, whereas the phase width of the nematic
benzylideneaniline liquid crystal remains constant over
an extended range of molar fraction of the chiral ionic
liquid. However, in neither case could any chiral meso-
phase be detected.

4. Conclusion

In the present review, the outstanding series of recent
work focusing on the synthesis and applications of CILs
were highlighted. The increasing interest for these new
solvents is, in our opinion, due to chemist’s curiosity
for a new research area in the field of chirality. Indeed,
the concept of ‘tailor-made’ chiral solvents is rather new,
and could afford novel molecular structures and materi-
als, as well as new insights for chiral recognition and chi-
rality transfers. In the latter case, the specific properties
of CILs suggest a key role in future asymmetric synthe-
ses, thus giving a ‘second souffle’ to the chiral solvent
topic. A third reason is the broad scope of applications,
amplified by the domain of chiral task-specific ionic lig-
uids, which constitutes a related issue even if considered

beyond the scope of this review since they cannot be
viewed as solvents or co-solvents.

For future design of new CILs, one should think in
which manner chirality has to be expressed. Some appli-
cations will mainly require a macroscopic effect (chiral
solvent role), while the other will necessitate a micro-
scopic one (‘pseudo-catalytic’ role). Obviously the mac-
roscopic effect would be observed using CIL’s
including either chiral cations or anions, as well as sol-
vents in which both entities would be chiral. On the
other hand, depending on the mechanism of the ‘pseu-
do-catalysed” asymmetric reaction, chiral cations would
be preferred when an anionic (‘basic’) transition state is
developed, while use of chiral anions would be worth-
while in the opposite case.

Clearly, the most exciting progress could arise, in our
opinion, from future studies dedicated to the explora-
tion of mechanistic aspects, examination of structural
features and careful determination of physicochemical
data. Indeed, theoretical insights are missing for efficient
evaluation of the real potency of these new chiral sol-
vents. Nevertheless, we believe that the use of such sol-
vents will rapidly expand in the fields of chiral
chromatography and NMR shift reagents. In these
applications, the high cost of CIL’s is not a real limita-
tion, and these new tools for chiral recognition will cer-
tainly allow chemists to answer hitherto unsolved
problems. Later, the better understanding of the specific
behaviour of CIL’s will give access to promising new
materials with unprecedented properties (see for exam-
ple chiral liquid crystals), and to successful applications
in asymmetric syntheses.

In the following pages are compiled, in a series of
Tables, an exhaustive list of CILs described so far and
their properties.

CILs having chiral anion: Imidazolium salts
Structure Ref.
SN oo
_ o 8
H:C" “on
— [ \+ -
\+ /\ N. N COO
NN N oo NN~ oo NN mz
[imim][Ala] [emim][Val] [emim][Leu] 9
T, CC) =-57 . T, (*C)=-52 T, ("C) =-51
0i (Sfem) at 25°C = 6.4 x 10° o; (S/em) at 25°C = 8.8 x 107 0, (S/cm) at 25°C = 8.1 % 107
Thermal stability = Up to 200°C | Thermal stability = Up to 200°C | Thermal stability = Up to 200°C
A\ NH, A\ NH, O [\s G
NN 0 NN oc NI, NN -OOC/K/WNHZ
[¢]
[emim][Phe] [en:im] [Asn] [emim][Gln] 9
T, ("C)=-36 T, CC)=-16 . T,(C)=-12
0; (S/em) at 25°C = 6.0 x 10 0 (Sfem) at 25°C = 1.1 x 10° 0 (Slem) at 25°C = 1.7 x 107
Thermal stability = Up to 200°C | Thermal stability = Up to 200°C | Thermal stability = Up to 200°C
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= NH, M\ NH, \s j’&/\/\
/NVI\{\/ )\/\/g NH| g —OOC/‘\/\I(OH AN -0oc NH,
-00C \ﬂ/ 5
4 NH [emim][Glu] lemimJ[Lys] 9
%eml{,“g“fl 18 T,(C)=6 T, (C) = 47
o, (Slem) ;t( 253 S le? | oiSema2sC=50x107 | o (Slem)at25°C=7.8x 10°
i =7 Thermal stability = Up to 200°C | Th ility = 200°
The stability = Up to 200°C ermal stability pto ermal stability = Up to 200°C
=\ Y s f _coo =\ N
NN~ -OOC)\/\S/ NN~ \/\bIJ/[{LOO NN~ .ooc)\/OH
2
[emim][Met] [emim][Tle] femim][Ser] 9
T, ("C)=-57 T, (C)=-52 T, ("C)=-49
0 (S/cm) at 25°C =2.4 x 10 0, (S/cm) at 25°C = 6.9 X 10 o, (S/em) at 25°C =6.5x 107
Thermal stability = Up to 200°C | Thermal stability = Up to 200°C | Thermal stability = Up to 200°C
OH e
=\, S oo 00" [\+ N €0
N N~ [—\+ A\ NN~ HN _
Y /\I\EI2 /N\7N\/ N e \=N NH,
{emim][Thr] H [emim](His] 9
Tg (GC) =-40 [en:im][Trp] Tg (OC) =-24 ,
o (Slem)at25°C=10x 10° | ?gfz?z ‘3; 10?0 | pelSem atds O
Thermal stability = Up to 200°C i (>rcm) a =7 ermal stability = Up to
crma Sabtity = Lpfo Thermal stability = Up to 200°C
OH _ NH
[\ NH, s ? =\ NH, O
NN poc AN ooc st NN »OOC)\/U\OH
[emim][Tyr] (emiml[Cys] femim][Asp] 9
T, (‘)= 23 T, (‘C)=-19 T(O=5
0; (S/em) at 25°C =4.0 x 10°® 0; (S/em) at 25°C = 3.5 x 10° 0 (Sfem) at 25°C = 1.7 x 10°
Thermal stability = Up to 200°C | Thermal stability = Up to 173°C | Thermal stability = Up to 200°C
[—\+
NN NS
H
[emim][Pro] 9
T, (°C) = -48
o (S/em) at 25°C = 1.6 x 10™
Thermal stability = Up to 200°C
—\+
/N\ﬁN\/\/
o] 10
SO37°
viscous oil
[o]p?=+39.0 (¢ 1.634, CH;0H)
_ .,
RGN ¢l ’
Mp (°C) = 78-80
CILs having chiral cation: Oxazolinium salts
Structure Ref.

(0]

H,CE 7
/

Mp (°C) = 79

(0]

CiHy <7
/

Mp (°C) = 63
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CILs having chiral cation: Ammonium salts

Structure Ref.
HOQA~ N+\< _\Nﬁ o (CF3S0y),N
(CF;80,),N°
o Stable up to 150°C under high vacuum 1
L 150° Mp ( CL__ 34 . conditions (10~ mbar)
Stable up to 150 C(ult:)q;eingfr) vacuum conditions 1= 0.155 Pass at 20°C
(:)I[ | _ OH | _ QH | P
@/\/E‘\ N ©/V.I+‘I\ 39
Me Ty, Me NT, Me TNTH,
\bllic“H” \rll:C‘H‘) \rlxr’C‘H°
- - +
HO, Br HO, PFg o OTE
12
Mp (°C) = 95-96 Mp (°C) = 92 2
[odp®=-12.1 (¢ 1.57, CHCly) |  [o]o™=-10 (¢ 1.00, acetone) [olp™ =11 (¢ 2.00, acetone)
| cH
. S ;;r \blb:cgul7 \TL;CRH”
H HO. PE¢ HO. oTf
12
Mp (°C) =
(oo = _]2'(5 ((:(,)2(;? CHCL) [a]p® =-5.5 (¢ 2.00, acetone) [o]p? = -7 (c 2.00, acetone)
| _cpoH
"o, \N+ " BZII \]l\I;CmHu \Il\I:CmHu
1O, PF¢ HO OTf
12
Mp (°C) =92
o] = _]‘;.(5 ((:C) 2.090 CHCL) [a]p? = -9 (¢ 2.00, acetone) [a]p?=-6.5 (¢ 2.00, acetone)
\]!I;CléHSJ- \Il\la:cl(‘ll33 ‘ \Tl\l:cmHss
1O Br HO, PF¢ o ot
12
Mp (°C) = 86 Mp (°C) =95 25 _
[adp?=-11 (¢ 2.00, CHCI;) [alp® =45 (¢ 2.00, acetone) | Lo =-3:5 (¢2.00, acetone)
’H;NJ\COOH NO; +H;NJ\COOH BF, N J\ )
; H;N” “COOH PFg¢
13
Mp (°C) = 159 Mp (°C) = 78 0
[a]p™=+15.9 (¢ 2.00, MeOH) | [a]p™=+11.6 (¢ 2.00, MeOH) TL"e‘knal‘S:j;ﬁigc i?? i‘geggo)c
Thermal stability = Up to 168°C | Thermal stability = Up to 241°C y=rp
’H;NJ\COOH CF5C00" ’H;N/'\COOH 1250,> *HN" S COOHNOy
13

Mp (°C) = 82
[a]p? = +8.6 (c 2.00, MeOH)
Thermal stability = Up to 119°C

Mp (°C) = 141
[o]p2 = +9.1 (¢ 2.00, MeOH)
Thermal stability = Up to 193°C

Mp (°C) = 134
[a]p™=+27.2 (¢ 2.00, MeOH)
Thermal stability = Up to 169°C
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: OH
COOH 0
“«_COOH QCOOH
NH;* NO5~ B .
3 ? NH,"  NO; Hy* NO; 13
Mp (°C) =105 2 20 _
_ =-10.8 (¢ 2.00, MeOH) [a]p™ =-29.7 (¢ 2.00, MeOH)
[ol = +40.3 (¢ 2.00, MeOH) | @0 "=-108 (¢2.00, Thermal stability - Up to 138°C
Thermal stability = Up to 167°C Thermal stability = Up to 147°C ermal stability = Up to
N COOH &COOH N7 cooH
H, BFy N, : H, 1280,
B, e 13
Mp (°C) = 76 0 Mp (°C) = 92
[a]n2’ = -26.8 (¢ 2.00, MeOH) T[}fggmfs'é‘l‘)‘i?ﬁ(; i'%% gﬁ(g?)c [a]n?® = -38.7 (¢ 2.00, MeOH)
Thermal stability = Up to 236°C Thermal stability = Up to 206°C
Q‘COOH “H;N” “COOCH; NOy TN TCO0CH; BFy
H2+ CF;CO0” Mp(°C) =-18
Mp(°C) = 61 Tp((oc)): s 13
w_ip (°C) = 78 Ty CC) =-34 (o™ = +5.6 (¢ 2.00, MeOH)
[alp”=-36.1 (200 MeOH) | [o5*'=+6.2 (¢ 2.00, McOH) | b | staBilit; —Up 10 230°C
Thermal stability = Up to 192°C ility = o —
ty = Up Thermal stability = Up to 186°C o (cP) at 30°C = 96
J\ . N/’\C 0OCH A +H;N/LCOOCH3 “SCN
“H;N” “COOCH;  PF, 3 3 NTE
o Mp (°C) = 62
T, (°C)= 35 1}4p((0 CC)): . T C0)=-38 13
[oc]DZO =+5.8 (¢ 2.00, MeOH) (oo = +g5 8 (¢ 2.00, McOH) [a]D-O =+5.2 (¢ 2.00, MeOH)
Thermal stability = Up t0 209°C | .10 = P lf¢20h MER O | Thermal stability = Up to 139°C
y=rp & (cP) at 80°C = 103
oo /L
. HNT > COOCHs NOy-
J\ H;N” “COOCH; ol
H3N COOCH;  CH3CO0O" Mp °C)=-17
0) Mp(°C) =38 T, (°C) = -45 13
T, (°C) = -23 T, (°C) = -24 0_
Thermal stability =Up to 172°C | ]y =-4.5 (¢ 2.00, McOH) | L0 =*+4.7 (¢ 2.00, McOH)
Th 1 stability = U to 77°C Thermal stability = Up to 187°C
ermal stability = Up to & (cP) at 30°C = 2030
Coo
coor W
* *NOy
;N7 C00C,H; )‘OH +H;N7 DCOOCH;  NOy N }
o] =
Mp(°C) =75 Mp (°C) = 74 Mp('®) =75 13
o = T, (°C) = -31
o _18CO=29 T, (°C)=-33 [a]p® = +15.4 (¢ 2.00, MeOH)
[a]p™=-5.7 (¢ 2.00, MeOH) [a]p?=+22.5 (¢ 2.00, MeOH) e o
Thermal stability = Up to 82°C Th | stability = Un to 195°C Thermal stability = Up to 210°C
ermal stability = Up to & (cP) at 80°C = 1550
H N OH
\/'\‘/COO' NH; ~_COOCH,
NH  NOy H,C00C NOs NE? NOy
Mp(°C) = -14 Mp(°C) =92 Mp(°C) =-12 13
T, (°C) = -36 Ty (°C) =-32 T, (°C) = -32

[o]p?® = +32.7 (¢ 2.00, MeOH)
Thermal stability = Up to 172°C

[o]p® = +21.1 (¢ 2.00, MeOH)
Thermal stability = Up to 224°C

[o]p2=-9.5 (¢ 2.00, MeOH)
Thermal stability = Up to 156°C
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N7 YCOOCH,

NH,"
FLCOOC OH  NOy H,' NOy Q‘COOCHE
H,* BF,
Mp (°C) = 105 Mp (°C) =-16 13
T, (°C) = 30 T (0)=-67 L, TeCO=-20
[O(]DZO =+7.3 (¢ 2.00, MeOH) [o]p? = -36.4 (¢ 2.00, MeOH) [a]p™ = -20..7.(0 2.00, MeOH)
Thermal stability = Up to 179°C | Thermal stability = Up to 159°C Thermal stability = Up to 234°C
i (cP) at 30°C = 186
& O\ [ele]e} Q‘COOCEHS
N~ YCOOCH; N~ YCOOCH;, )\ L+ NO.-
H, PF,; H,* OH : 3
- 13
T, (°C) =22 T, (°C)=-20 1}41’(%):‘ o
[op = - 322 (¢ 2.00, MeOH) [a]p? = — 238 (¢ 2.00, MeOH) [y = 309 (¢2,00, McOH)
Th 1 li 221° Th 1 li 140° D oY gy
ermal stability = Up to C ermal stability = Up to 140°C Thermal stability = Up to 183°C
@\\.-Q (CF;80,),N
| h 20
/)
[a]p* = -66 (c 1.247, CHCl;)
(EL . (EL ’ d y
AN s-2Hs 7’ 3 i)
+N\C ol /\+N\C2H5 /\*N‘CH»
ATH CyHs Cotls 26
M, (°C) =31-33 hygroscopic M, (°C) = 87.5-90
[o]p?=-57.4 (¢ 1.1, EtOH) [a]p?=-59.5 (¢ 0.7, EtOH) [o]p> = -68.7 (¢ 0.9, EtOH)
L ,CH; /CH~
/:N‘cé H 0/\*N‘CH /\+N\CH
YC H7 A (,41—19 6Hn 26
M, (°C) = 158-161 M (°C) = 130-132 M, (°C) = 113-116
[o]p*=-71.3 (¢ 0.6, EtOH) [0]p® —-64 8 (¢ 1.1, EtOH) 20—-55 7 (¢ 0.7, EtOH)
CH; CH; CH3
N AN /\ ’
T 0" *N-cm, T 0" *N-cq, *N~c, 26
PN CiHis PN CgHys Cotlyo
hygroscopic M, (°C) = 74-76 hygroscopic
[o]p®=-54.1 (¢ 0.7, EtOH) [0]p®=-54.1 (¢ 1.0, EtOH) [0]n>=-50.3 (¢ 0.5, EtOH)
[ 1. n (‘l
/\*N‘CI-BI /\+N‘CI-31 0/\+N*c1i
10H21 11H23 CyoHas 26
hygroscopic hygroscopic hygroscopic
[a]p®=-51.5 (¢ 1.4, EtOH) [a]p? = -48.8 (¢ 0.8, EtOH) [o]p? = -48.3 (¢ 1.5, EtOH)
fl -
~. CH; ~ CaHs o /CHx
N~cp, 70T NS, N-c n,
CH,Ph AL C,Hs C,Hs 26

M, (°C) = 126-129
[a)p™=-63.5 (¢ 1.1, EtOH)

M, (°C) = 125-126.5
[o]p® = -64.8 (¢ 0.4, EtOH)

M, (°C) = 150.5-152
[a]p? = -61.5 (¢ 1.0, EtOH)
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(5\ A~ /CH3

BF; (‘)\ BF,
LCH ,CH
70 Wy N~cu, H 0/\”\{‘0-;3
AL C,Hs V- CyH, A CyHo 26
M (°C) = 161.5-164 M (°C) = 203-206 M (°C) = 68.5-71
[a]p™=-63.5 (¢ 1.0, EtOH) [a]p®=-61.2 (c 0.8, EtOH) [a]p®=-58.3 (¢ 1.1, EtOH)
" fl =
,CH ,Cl-[ ,CH
i O/\"N‘CI-SI /\*N‘c:[ H 0/\*N‘c1-;
PN Collyy Cotlys PN T 26
M, (°C) = 42-44 M, (°C) = 69-72 M, (°C) = 87.5-88.5
[o]p?=-52.7 (¢ 1.0, EtOH) [o]p? = -49.1 (¢ 1.0, EtOH) 2"— -48.9 (¢ 1.4, EtOH)
d e d e (EL o
Vs 3 /' 3 7 3
*N-ch, +N*CH3 +N‘CH 5
C9H19 Ciotly; Cn“zg 6
M, (°C) = 69-72 M, (°C) = 55-58 M, (°C) = 43-48
2"- -47.3 (¢ 1.0, EtOH) [o]p? = -44.8 (¢ 1.0, EtOH) [o]p? = -44.4 (¢ 1.0, EtOH)
fl "
,CH ,CH ,CHj
o Woe, 70 N ey, 7 Y0 IN=cn, o6
CyoHys A CHoPh A C4Hy
M, (°C) = 42.5-43 M, (°C) = 97.5-100 M, (°C) = 77-78.5
[a]p® = -38.4 (¢ 1.0, EtOH) [o]p®=-58.2 (¢ 1.0, EtOH) [a]p®=-56.4 (¢ 0.9, EtOH)
1~ PFg CF;C00~
CH CH CH
Ve N 3 AN/ 3 Vs 3
T 0" N~cn T 0" *N~cq, T 0" FN~cq, 26
P C4Ho PN C4Ho PN C4H9
M, (°C) = 81-83 M, (°C) = 103-105 M, (°C) = 72-74
[o]p?=-51.3 (¢ 0.9, EtOH) [a]lp?=-51.6 (c 1.1, EtOH) [o]p?=-52.8 (¢ 1.1, EtOH)
(’)\ NTf; NTf;
,CH LCoH ,CH
+N\Cﬁ ; O/T,N\é ;S Y0NS ;S
C4Hg PN C2H5 PN C7H5 26
oil T, (°C) = -45.8 Ty (°C) =-48.5
[a]p®°=-51.2 (¢ 0.4, EtOH) [a]p?° = -38.6 (¢ 1.4, EtOH) [o]p°=-39.1 (¢ 1.2, EtOH)
Ace : acesulfamate Thermal stability = Up to 179°C | Thermal stability = Up to 197°C
NTf; o NTE NTf{CH
K O/\*N/‘Cljg O/\...NI\CCH:{ Y 0/\*N,‘u—i
PN CoHs A ,.c31-|7 PN C4H9 26
T, (°C) =-49.9 20 T, (°C) = -50.1
=-39.5 (¢ 1.1, EtOH 8
[o]p?=-40.6 (¢ 1.1, EtOH) oo (e ) [a]p?=-38.2 (¢ 0.9, EtOH)
Thermal stability = Up to 199°C Thermal stability = Up to 200°C
NTf; NTf; NTf;
,CH; ,CH ,CH
H 0" N, H 0" +N\CH H 07 +N‘CH
PN CeHys PN C7H15 P CSH” 26
T, (°C) =-50.2 T, (°C) =-52.8 T (°C) =-53.0

[o]p*°=-41.6 (¢ 1.0, EtOH)
Thermal stability = Up to 200°C

[a]p® = -34.8 (¢ 1.2, EtOH)
Thermal stability = Up to 202°C

[a]p®=-35.6 (¢ 1.4, EtOH)
Thermal stability = Up to 200°C
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NTf; NTf, NTf;
CH CH CH
H O/\J’I\\I\C;b H O/\H\\Y\Cl'}[s : O/\Jrl\\kcgs
PN CoHyg PN CioHy P CiiHys 26
T, (°C) =-53.2 T, (°C) =-54.4 T, (°C) =-54.3
[a]p®=-33.2 (¢ 1.4, EtOH) [o]p®=-37.8 (¢ 1.1, EtOH) [a]p? = -32.7 (¢ 1.6, EtOH)
Thermal stability = Up to 199°C | Thermal stability = Up to 200°C | Thermal stability = Up to 206°C
NTE; NTf,
CH, /CH;
70 N, 70 N e, 26
A CipHys A CH,Ph
[alp®=-31.5 (¢ 1.2, EtOH) [olp? = -39.1 (¢ 1.0, EtOH)
CILs having chiral cation: Imidazolium and imidazolinium salts
Structure Ref.
[\.+ Br [\+ Br
\/N\?N \/NVN
CH,0H CH,OH 1
Mp (°C) = 5-6 Mp (°C) = 11-12
[op® = +3.7 (¢ 2.00, CH;0H) [o]p? =-10 (¢ 2.00, CH;0H)
Thermal stability = Up to 180°C Thermal stability = Up to 180°C
\/N\:I\T Br _ BFy
CH,0H \/N\/‘T 14
Mp (°C) = 15-16 L
3
[a]p® = +9.2 (¢ 2.00, CH;0H) Mp (°C) = about 90
Thermal stability = Up to 180°C
N/_\;\? PFy N/_\;? PFg N/_% NTf,
M\, PR M\ PR
= Br —\ NTf,
Menk, N /I\LCSH” Me%/N N~CH,, 18
Ph  C,Hj Ph CHs
[o]p®=+17 (¢ 1.0, CHCly) [o]p?®=+17 (c 1.1, CHCL;)
=\, Br — :
Meny N II‘LCSH,l H N/_\NL o
Ph CH A Gl 18
e Ph  C,Hs
20 _
[0l = -17 (¢ 1.1, CHCL,) [o]p2°=-25 (¢ 1.0, CHCl;)
—\, Br [\, BFs M/ NTf,
Meas, Ny I\?‘CSH” Ment, N ’I‘T\CSH” Men N\fl‘f\csﬂl, "
Ph  C,H; Ph  C,Hs Ph  C,Hs

[o]p®=-16 (¢ 1.4, CHCly)

[a]p?=-10 (¢ 1.0, CHCl;)

[a]p®=-7 (¢ 1.1, CHCl5)
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g N/=\N Ph
Y Y 31
1 \l/\/\ - E
OTf NTE,
NN co e NN _coz
e T : N N CO;Et N T e
T 21
Mp (°C) =73 —— Mp (°C) = 45
Tg (OC) =-50 Tg ( C) 58 Tg (oC) =.57
P 2 PN !
T T 2
Tg (OC) = -56 Tg (OC) - _54
N/ - N/ N/
Br- OBz PF, OBz BF, OBz
(\%/\)\/_{\E/) (\ﬁj\‘)\/@ (/\]':]/4\‘/'\/1}’1,:/)
- 22
NJ’ OBz  Br~ NJ‘ OBz  PFg \ I s, BE,
/ / /
[a]p™ = -31.0 (c 2.0, EtOH) [a]p® =-36.3 (¢ 2.0, acetone) [o]o2 = -10.1 (¢ 2.0, acetone)
RPN N
NN
\—/ /\/ _ N\=/N/\:-/ .
BzO PEg BZO BF, ”
[o]o” = -30.5 (¢ 2.0, acetone) [odp? = -19.9 (¢ 2.0, acetone)
/
4 N
s &
A J7 g,
v T 7o 25
20 /[OL\] = +54.6
[o]p?=-54.6 b .
g ~
Oj/o X Oj/o B
* +
N I N ;
Ly [N\> 27
N -
\  PFg Cogity; TF6
2(}\/Ip(OC) =99-101 Mp(°C) = 69-71
[a]p™®=+44.3 (¢ 2.00, THF) [alo® =31 (¢ 2.00, THF)
NN
=/ : B 29
[op> =+19 (¢ 6.00, CHCL;)
j\,ii,n/ N/:_/\N\ OTs 10
Mp (°C) = 102
TsO" TsO™
N +
Nf\N N/§N
N
< b

Mp (°C) = 59-61
[a]p? = -21 (¢ 2.07, CH;0H)
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Imidazolium with planar chirality

Structure Ref.
I . N, NCFs0: \_
racerlnic racen|1ic racemicl
g~
NN
OV\E/VO 35
|
T, (°C) = -42
CILs having chiral cation: Thiazolinium salts
Structure Ref.
s : S > :Sj\/
N\
: \INJ\/ \}\hj\/ Ne
CHy, CHy PF, C,Hy .
BF4 16
Mp (°C) = 137 Mp (°C) = 136 Mp (°C) = 111
[o]p™= -40.7 (¢ 1.00, acetone) | [a]p™=-35.6 (¢ 1.00, acetone) | [],2=-32.5 (c 1.00, acetone)
Thermal stability = Up to 170°C | Thermal stability = Up to 170°C | Thermal stability = Up to 170°C
\sj\/ Sj\/ > :S
> < > <\
Ny Nf \NJ\/
C,H, Ci,Hys = .
) NTfy N I Cuatlys  p,g 16
T, (°C) = -68 Mp (°C) =38 " Mp (°C) =42
[a]n® = -29.5 (¢ 1.00, acetone) [o]p2 = -38.8 (c 1.00, acetone) [a]p™ = -36.7 (¢ 1.00, acetone)
Thermal stability =Up to 170°C Thermal stabi]ity =Up to 170°C Thermal Stablllty =Upto 170°C
>~
QA S
N <30
CpoHas  NTE, N"’ “
CipHys . 16
T, (°C) =-67
[a]p™=-36.7 (¢ 1.00, acetone) Mp (°C) = 106
Thermal stability = Up to 170°C
S S
8 S
HéNg.,,,JO 0.0 2, 0)
4H9 . C,Hy PR, C’4H()
NTE; 16
°C) — Mp (°C)=11
(oo :]\1];3( ((2.)1 02)7icetone) [a]p® = +F3)AE (((::)1 .00, zsacetone) " Ty (°C) =-40
Bt " o =429 (¢ 1.
Thermal stability = Up to 180°C | Thermal stability = Up to 180°C | [0 =29 (¢ 100, acetone)
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CILs having chiral cation: Pyridinium salts

Structure Ref.
A X S
P P P
+N°cr +)N\ BE, +/Nk PE¢
P YCH, Ph” “CH, Ph” YCH, 19
T, (°C) =125 T, (°C) =65 T, (°C)=110
[a]p?° = -45.2 (¢ 1.00, MeOH) [l =-11.5 (c 1.00, MeOH) [l =-9.4 (¢ 1.00, MeOH)
Thermal stability = Up to 200°C | Thermal stability = Up to 200°C | Thermal stability = Up to 188°C
S S S
) @ )
i NTE, DN cr j\' BF,
Ph CH, Phr CH, Ph CH; 19
T, (°C)=-30 Ty (°C) =125 Ty (°C) =65
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