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ABSTRACT

Carbohydrate-based novel bis(ammonium) chiral ionic liquids have been synthesized by following a straightforward protocol using isomannide
as the substrate. Their applications in chiral discrimination and optical resolution of racemates have been established.

Ionic liquids (ILs) have shown tremendous applications in
modern organic chemistry due to their inimitable physical
and chemical properties, which allow them to enhance the
reaction kinetics and selectivity and to facilitate catalyst
recovery, etc.1 Significant progress along this line has been
made with the development of chiral ionic liquids (CILs).2

Although, CILs are at a premature phase of development,
they have already found promising applications in asym-

metric synthesis,3 stereoselective polymerization,4 chroma-
tography,5 liquid crystals,6 and chiral resolution and as NMR
shift reagents.7 The studies so far reveal the prospective of
such media and further encourage the synthesis of novel CILs
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from easily available sources, especially from biorenewable
sources.

Isosorbide and isomannide are renewable, inexpensive, and
commercially available chiral carbohydrates derived by
dehydration of glucose derivatives sorbitol and mannitol,
respectively, which are major components of corn oil and
obtained as byproducts of the starch industry. Major appli-
cations of these compounds are in the polymer, cosmetic,
and pharmaceutical industries. They are used as monomers
for the synthesis of biodegradable and highTg polymers8

and as starting materials for pharmaceutically important
compounds including vasodilators9a,b and Xa-inhibitors.9c

Their catalytic utilities as chiral ligands or as phase transfer
catalysts have also been reported in a variety of important
reactions such as alkylations,10 Diels-Alder reactions,11 and
asymmetric hydrogenations,12 etc. Nevertheless, very few
studies have investigated their synthetic utility as valuable
chiral pool compounds.13

Recently, in a continuation of our efforts in the production
and applications of new CILs from readily available natural
chiral auxilaries,3f we have used isomannide for the synthesis
of a series of monoammonium CILs. In that approach, one
of the hydroxyl groups of isomannide was protected as the
ethyl ether and the other hydroxyl was converted to an
ammonium salt in combination with different anions to form
a series of CILs (Figure 1). These CILs were utilized for

chiral resolution of racemic Mosher’s acid and showed
remarkable results. This prompted us to synthesize bis-
(ammonium) CILs by functional group interconversion of
both the hydroxyl groups of isomannide to ammonium salts.
D-Isomannide, also known as (1R,4R,5R,8R)-2,6-dioxabicyclo-
[3.3.0]octan-4,8-diol (1) was first tosylated withp-toulene-

sulfonyl chloride using pyridine as base to give the monotosyl
derivative2 as the major and ditosyl derivative3 as the minor
product. Because the two hydroxyl groups and also the two
heterocyclic rings of isomannide are cis-oriented (Scheme
1) formation of the ditosyl derivative is sterically unfavorable

and obtained only as a minor product even when using an
excess ofp-toulenesulfonyl chloride.

The monotosyl derivative2 was utilized for the synthesis
of monoammonium CILs. The isomannide ditosylate3 was
reacted with an excess of benzylamine at 180°C under an
atmosphere of nitrogen to get the bis-secondary amine4
(Scheme 1). It is essential to use benzylamine in excess, so
that it is sufficient for the substitution reaction as well as to
trap the tosylate. Also, on the basis of literature reports,11,14

it is important to carry out the reaction above 165°C to avoid
chances of incomplete substitution and the possibility of
elimination reactions to give unsaturated products. As a result
of SN2 substitution of the ditosylate3 to bis-secondary amine
4, the inversion in configuration at both centers occurs,
converting the isomannide nucleus to an isoiodide nucleus
where both amino groups are pointing downward. The
quaternization of bis-secondary amine4 was carried out with
methyl iodide to get the bis(ammonium iodide)5. The
structure and stereochemistry of5 were established by1H
and13C NMR spectroscopy and further confirmed by X-ray
studies (Figure 2). The bis(ammonium iodide)5 was used
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Figure 1. Monoammonium CILs derived from isomannide.

Scheme 1. Synthesis of Bis(ammonium) CILs from
Isomannide
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for anion exchange reactions in an aqueous medium to obtain
other chiral salts with different anions. The solubility of
iodide salt5 is low in water at room temperature, and the
reactions were, therefore, carried out at 80°C. Thus, the
desired bis(ammonium) CILs5-10 have been synthesized
following a simple protocol involving functional group
interconversions followed by anion exchange (Scheme 1).

The melting point comparison of all these bis(ammonium)
CILs is mentioned in Table 1. As reported in the literature,15

the nature of the anions was found to have a profound effect
on the melting points. The CILs with [Tf2N], [TFA], and
[TfO] anions have low melting points due to delocalization
of charge through the S-N-S, O-C-O, and O-SO2 core,
respectively. This delocalization results in a decreased
Coulombic interaction between the cation and the anion
compared to the salts with more localized anion charges,
such as the [I], [PF6], and [BF4].

After their successful synthesis, the chiral recognition
ability of these new CILs was tested by investigating the
diastereomeric interaction between the CILs and racemic
Mosher’s acid silver salt. The iodide salt5 was mixed with
racemic Mosher’s acid silver salt in CD3CN, and the resulting
solution containing Mosher’s acid chiral ammonium saltA
was measured by19F NMR spectroscopy. High splitting of
the CF3 signal [Figure 3, spectrum (a)] shows an excellent
diastereomeric interaction between Mosher’s carboxylate and
the bis(ammonium) cation. When the same NMR solution
was mixed with 1 equiv of CIL6, the splitting was further

enhanced [Figure 3, spectrum (b)]. Similar experiments were
carried out in the presence of 4 equiv of each of the CILs,
and the results are summarized in Table 2. As expected, the

anions of CILs were found to have a profound effect on the
chiral discrimination ability as indicated by the enhancement
in the chemical shift dispersion (Table 2).
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Figure 2. X-ray structure of the cationic part of compound5.

Table 1. Melting Points of Bis(ammonium) CILs

entry CIL anion mp (°C)

1 5 [I] 190
2 6 [Tf2N] 60
3 7 [PF6] 251
4 8 [TFA] 65
5 9 [BF4] 240
6 10 [TfO] 75

Figure 3. 19F NMR (282.4 MHz) signals of CF3 of saltA (a) and
salt A in the presence of 1 equiv of CIL6 (b).

Table 2. Enhanced∆δ Values of CF3 Signals of Racemic
Mosher’s Carboxylate of SaltA in the Presence of 4 equiv of
CILs

entry CILs CIL anions ∆δ (Hz)a

1 5 [I] 9
2 6 [Tf2N] 23
3 7 [PF6] 21
4 8 [TFA] 8
5 9 [BF4] 17
6 10 [TfO] 15

a Recorded by19F NMR at 282.4 MHz.

Figure 4. Concentration effect of CIL6 on the chemical shift of
the CF3 signal (19F NMR, 282.4 MHz) of racemic Mosher’s
carboxylate.
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The concentration effect of CIL6 on the chemical shift
difference of two diastereomeric-CF3 groups was also
studied (as indicated by the∆δ values) and is demonstrated
in Figure 4. Interestingly, the increase in the∆δ values with
increased CIL concentration reaches a saturation point with
2 equiv (0.076 mol/L) of6. Further increase in CIL6

concentration results in a gradual decrease in CF3 signal
splitting (Figure 4).

Due to its high chiral discrimination ability, CIL6 was
then utilized in determination of the ee values of three
different enantiomerically enriched mixtures of Mosher’s
carboxylate with approximatelyR/S ) 1:6 (Figure 5a), 1:3
(Figure 5b), and 1:2 (Figure 5c), which were prepared by
mixing the silver salt of racemic Mosher’s acid and (S)-
Mosher’s acid. The exact amount of enantiomers can easily
be calculated by integration of the CF3 signal of each
enantiomer of Mosher’s carboxylate.

In conclusion, we have synthesized a new class of
isomannide-based CILs. The diastereomeric interactions
between these CILs and racemic substrates during NMR
spectroscopy prove their excellent chiral recognition ability.
The high chemical shift dispersion induced by CILs indicate
their potential applications in optical resolution of racemates,
as chiral shift reagents, and in determining the enantiomeric
excess of enantiomerically enriched carboxylates by NMR
spectroscopy. Further research into applications of these CILs
as reaction media and as a phase transfer catalyst in
asymmetric synthesis is in progress in our laboratory.
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Figure 5. Determination of ee values of Mosher’s carboxylate with
(R/S) ) 1:6 (a); 1:3 (b); and 1:2 (c) using CIL6.
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