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complexes are usually evaluated by analytical methods such
as UV-vis, calorimetry or NMR [3]. Unfortunately, in this
chemistry field, the amount of sample available is often very
low, and the sensitivity of these classical analytical techniques is not well adapted. Therefore, we propose here the
use of electrospray ionisation mass spectrometry (ESI-MS)
[4] as an alternative.

The chiral recognition properties of a series of
synthetic crown ethers or cryptands (1-10) incorporating a chiral spiroacetal moiety in the polyether chain toward ammonium enantiomeric
pairs (G1 or G2) have been evaluated by
Electrospray Ionisation Mass Spectrometry (ESIMS). Isotopic-labelling has been used to distinguish one diastereomeric host-guest complex
ion from the other. The reliability of this method
has also been tested by studying the stability of
the labelling and the influence of the labelling on
the degree of chiral recognition. Various degrees
of chiral recognition have emerged from this
study.

Experimental
Positive ESI mass spectra were obtained on a ES triple
quadrupole mass spectrometer Quattro II (Micromass,
Altrincham, UK). The ES source was heated to 60 °C. The
sampling cone voltage (Vc) was set at 20 Volts to avoid any
fragmentation processes. Sample solutions were introduced
into the mass spectrometer source with a syringe pump
(Harvard type 55 1111: Harvard Apparatus Inc., South
Natick, MA, USA) with a flow rate of 5 µl.min-1. Calibration
was performed using protonated horse myoglobin. Scanning
was performed from m/z 100 to 1000 in 10 s, and several
scans were summed to obtain the final spectrum.

Introduction
Since the pioneering synthesis of macrocyclic receptors by
Pedersen, Lehn and Cram [1], host-guest associations have
been intensively studied, especially in the field of chiral
recognition [2]. Indeed, crown ethers and their derivatives
represent one of the simplest model systems of the features
occurring in biological processes. The principal aim of these
chiral recognition studies is therefore a better understanding
of the discrimination mechanisms so as to be able to develop
new ways of asymmetric synthesis, another major application is the enantiomeric separation by liquid chromatography [2].

Hosts 1-10 were synthesised and purified as described
previously by Garcia et al. [5]. Guests G1 and G2 that frequently appear in the literature were prepared and labelled
by conventional methods. Samples for ESI-MS were prepared by mixing the corresponding host and a 1:1 ratio of
the enantiomeric pair G1 or G2 in methanol at 10–4 M. After
stirring at room temperature for 1 min, the solution was
directly analysed by ESI-MS. For each 1:1 mixed guest solution, the value of the (R)/(S)-enantiomer guests was measured in order to correct the observed (R)/(S) values determined for the chiral recognition experiments.

The general method of chiral recognition involves a
stoichiomeric amount of a given chiral host and two enantiomeric guests R and S. The degree of chiral recognition is
then simply characterised by the ratio of the quantities, noted
(R)/(S), of the two diastereomeric complexes which are
formed with the given host-guest system at the thermodynamic equilibrium. If this ratio, (R)/(S) approaches 1, the
selectivity is weak, whereas if the (R)/(S) value is far from
1, the degree and the direction of chiral recognition is significant. These chiral recognition properties in host-guest
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Results and discussion
In this paper, we describe the evaluation by ESI-MS of the
chiral recognition properties of synthetic crown ethers and
synthetic cryptands incorporating a chiral spiroacetal moiety
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Table I. (R)/(S) ratios obtained by ESI-MS for the diastereomeric complexes formed between hosts 1-10 and ammonium enantiomeric pairs G1 or G2, (R) is unlabelled and (S) is labelled with deuterium.

Ligands

N°

X

(R)/(S) with G1

(R)/(S) with G2

1
2
3

-O>N-CH2COOEt
>N-CH2COOH

1.06
1.16 (1.17)*
1.14

1.00
1.07
1.23

4
5
6

-O>N-C(O)-C6H5
>N-CH2C6H5

1.00
0.95
0.82

1.41
1.24
1.15

7
8
9
10

-O>N-C(O)-C6H5
>N-CH2C6H5
>N-CH2COOEt

1.47 (1.49)*
1.43
1.58 (1.6)*

1.07
1.00
1.04
1.05

O
O
O

O

X
O

O

O

O
O
O

O
X

O
O

O

O

N
O
O

O

X
O
O

O

O

1.58

N

* (R)/(S) ratios obtained for the cross chiral experiments. In this case, (R) is labelled with deuterium instead of (S).

in the polyether chain (1-10) toward ammonium enantiomeric guests G1 and G2 (Tab. I and Fig. 1). In order to
evaluate this ESI-MS approach, three aspects were investigated in our study: the possibility to quantify the different
species present in thermodynamic equilibrium in solution,
the detection of chiral diastereomeric ions in spite of the
absence of mass differences using isotopic-labelling, and the
reliability of our method.
ESI-MS has been successfully used for several characterisations of natural or synthetically non-covalent assemblies
such as proteins [6] or supramolecular complexes [7]. Hostguest interactions in particular have been widely studied by
ESI-MS [8]. Indeed, under carefully controlled experimental conditions, in particular, if the energy communicated to
the gas-phase ions is controlled, ESI-MS has the ability to
convey intact non-covalent ions directly from solution to gas
phase without fragmentation. Ions observed in the mass
spectrum therefore reflect the intact species present in thermodynamic equilibrium in solution.
Recently, much attention has been paid to the reliability
of an ESI mass spectrum for the relative quantification of
the different molecular species present in thermodynamic
equilibrium in solution. We have already shown in the case
of alkali metal-18C6 crown ether and alkali metal–[2.2.2]
cryptate complexes that ESI-MS can yield the proportions

Figure 1. Structures of the ammonium enantiomeric pairs G1
and G2.
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of the species present in solution, assuming that several conditions are respected [9]. The relative quantification by ESIMS is allowed when the species studied have similar structures, chemical functions, and close molecular weight in
order to have similar desolvation energies and therefore
close response factors. In our case, since the later conditions
are respected for the diastereomeric host-guest complexes,
proportions, and therefore chiral properties, can be quantified directly by measuring the ESI-MS relative intensities of
the peaks corresponding to the (R) host-guest complex and
the (S) host-guest complex.

combination differ by three or two mass units respectively
in the mass spectrum. Hence, the proportions of the species
can be quantified using the ESI mass spectrum. Moreover,
diastereomer ions can also be distinguished by isotopiclabelling. Thus ESI-MS can be used successfully to evaluate the chiral recognition properties of our synthetic hosts.
The solutions were prepared by mixing in a stoichiometric ratio the (R)-unlabelled and (S)-labelled guest enantiomers, with a target crown ether host at 10–4 M in
methanol. After stirring at room temperature for one minute,
the solution was directly analysed by ESI-MS (Fig. 2). Ions
were obtained by the loss of the counter-ions Cl– and only
monocharged peaks were observed. Therefore, only peaks
with similar response factors were compared. The (R)/(S)
ratios reported in table I are deduced from the relative intensities of the both diastereomeric complex ions (R)-unlabelled
and (S)-labelled respectively, i.e. the complexes formed
between the chiral crown ethers or the chiral cryptands (110) and ammonium pairs G1 or G2. The guests studied were
chosen for their ability to complex crown and cryptand

To distinguish one diastereomeric host-guest complex ion
from the other, one of the enantiomeric guests is labelled
with deuterium. This approach has already been described
by Sawada and co-workers [10]. In our case, each (S)-enantiomer was isotopically labelled with deuterium. The (S)phenylglycine methyl ester was labelled with three deuterium atoms and the (S)-phenylglycinol guest was labelled
with two deuterium atoms (Fig. 1). Therefore, the two
diastereomeric complex ions from a given host-guest

Figure 2. ESI mass spectra obtained with a 1/1/1 mixture of 6, G1-(R)-unlabelled and G1-(S)-labelled and with a 1/1/1 mixture of
2, G2-(R)-unlabelled and G2-(S)-labelled.
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Figure 3. ESI mass spectra obtained for the cross-chiral correlation between 7 and G1.

derivatives owing to the presence of the ammonium function. In order to control the efficiency of our experiments,
reference achiral hosts 18C6 and [2.2.2] cryptand have been
tested under the same conditions with G1 and G2. The
(R)/(S) values were equal to 1.00, as expected for achiral
hosts, indicating the reliability of the ESI-MS method.

Our results have shown that several optically active
macrocycles have chiral recognition properties (Tab. I).
Indeed, as expected for the C2 symmetric complexes [11],
high (R)/(S) ratios have been recorded for the C2 symmetric
spiro-crown 4 with (R)-phenyl glycinol (1.41) and for the C2
symmetric spiro-cryptand 7 with (R)-phenylglycine methyl
ester (1.47). Another interesting observation was obtained for
the N-functionalisation, which created asymmetric structures
(2, 3, 5, 6 crown ethers and 8, 9, 10 cryptands). This functionalisation did not markedly change the complexation for
bicyclic systems ((R)/(S) = 1.0; 1.04; 1.05) but monocyclic
polyethers were highly sensitive to this N-branched function
((R)/(S) = 1.07; 1.23; 1.24; 1.15).

Further, to check the stability of the labelling and its
influence on the degree of chiral recognition, cross-chiral
experiments have been performed. Here, the (R)-enantiomer
guests have been isotopically labelled with deuterium. The
ESI mass spectrum of the 1/1/1 mixture of 7, G1-(R)labelled, and G1-(S)-unlabelled, obtained under the same
conditions as the ES mass spectrum of the 1/1/1 mixture of
7, G1-(R)-unlabelled, and G1-(S)-labelled, showed that the
same (R)/(S) ratios (1.47 and 1.49 respectively) were
obtained for both solutions (Fig. 3). These findings indicate
that the isotopic-labelling is stable (no H/D exchange) and
has no effect on the degree of chiral recognition. The ESIMS results are therefore reproducible.

Conclusion
ESI-MS has been found to be a very informative and powerful tool for the study of host-guest chiral recognition,
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assuming that several experimental parameters are controlled. The sensitivity, the high speed and the small sample
requirements suggest that ESI-MS may become a very
attractive method for the study of chiral discrimination.
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