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A simple, rapid tandem mass spectrometric method for
recognition of chiral molecules by proton transfer reactions
with chiral sec-butylamines and sec-butanols is reported.

Chirality remains a major topic in the chemical and biological
sciences. Enantiomers can be distinguished in an asymmetric
environment and this forms the basis for analysis using chiral
chromatography or NMR shift reagents.1,2 However, enantiomers
have identical mass spectra, so mass spectrometry (MS) has often
been thought of as a ‘‘chirally blind’’ technique. In fact, MS,
especially tandem MS, has unique features that allow rapid chiral
analysis, including the ready creation of intrinsic chiral interactions
in the absence of solvent and measurable effects of small energy
differences between diastereomers. In addition, MS has great
intrinsic sensitivity, molecular specificity, tolerance to impurities,
and is capable of rapid qualitative and quantitative analyses.

Tandem MS procedures based on cluster ion dissociation3–7

especially metal-centered clusters, have proven especially useful for
chiral analysis. The majority of mass spectrometry-based chiral
recognition experiments divide into four types: (i) Diastereomeric
adducts are generated using chiral reference compounds and
investigated in single-stage MS experiments;8,9 one enantiomer is
isotopically labeled, allowing the corresponding mixture of
diastereomeric adducts to be mass resolved. (ii) Chiral recognition
is based on gas-phase ion/molecule reactions, often exchange
reactions; a diastereomeric adduct, typically generated from a chiral
ligand and a chiral host like cyclodextrin, is mass-selected and
allowed to exchange the chiral ligand in a reaction with a neutral
gas.10–12 Chiral distinction is achieved because the exchange rate
varies with the chirality of the analyte incorporated into the adduct
ion. (iii) Dissociation of diastereomeric adducts formed from the
enantiomers of an analyte and a chiral reference give distinctive
MS-MS spectra.13 (iv) The kinetic method is used to quantify chiral
effects occurring in MS-MS.2,14

This communication presents a simple and rapid method of the
second type for the recognition of chiral molecules by deprotona-
tion of their protonated ions [M 1 H]1 with chiral amines or by
deprotonation of the neutral molecules using chiral alkoxide anions
to give their [M 2 H]2 ions. Both experiments are based on the
dependence of ion/molecule reaction efficiency on analyte chirality.
Chiral amines have been used previously for chiral recognition in
charge reduction reactions of multiply-charged cytochrome c ions,
by equilibrium measurements.3,15

Experiments were carried out in a triple quadrupole TSQ-70
mass spectrometer, using chemical ionization (CI) at 150 uC source
temperature. Positive ion/molecule reactions were performed by
mass selection of the precursor ion, (protonated camphor, m/z 153),
using quadrupole Q1, reaction with neutral reagent in Q2, and
mass analysis using Q3 to monitor product ions. Either (R)-(2)-
sec- or (S)-(1)-sec-butylamine was used as the collision gas. The
kinetic energy (corrected voltage difference between the ion source
and collision quadrupole), was varied from nominal 21 to 12 eV
(negative values are due to the distribution of initial ion kinetic

energies). Ion/molecule reactions of negative ions used deproto-
nated (S)-(1)-2-butanol or (R)-(2)-2-butanol as the reactant ion
and employed D-camphor as the collision gas. Otherwise conditions
were analogous to those for the positive ion experiments.

Proton transfer from protonated (D)- and (L)-camphor (MH1

m/z 153), selected as model analytes, to (R)-(2)-sec- and (S)-(1)-
sec-butylamine (MW ~ 73), showed chirally distinctive
abundances of the products ions at m/z 74 (Fig. 1). The ratio of
relative abundance ratios is 1.3. The other major ions are due to
fragmentation and have similar intensities when comparing
L- and D-camphor (m/z 135 is assigned to loss of water from
protonated camphor and m/z 109 to further loss of acetylene). The
proton-bound butylamine dimer is at m/z 147. The ratio of ion
abundances, [74]/[109] was employed (Fig. 2) to measure the
efficiency of deprotonation of camphor in the presence of chiral
butylamine. (The ratios [74]/[153] and [74]/[135] gave similar but
somewhat poorer results; the use of the abundance of a fragment
ion ([109] or [135]) in the quotient instead of the residual precursor
ion abundance ([153]) has the advantage of being blind to
contributions from ions other than protonated camphor at
m/z 153.) Measurements were made in triplicate and the abundance
of the ion at m/z 74 clearly distinguishes the camphor enantiomers.
Fig. 2 shows that proton transfer from D- and L-camphor occurs
with (S)-(2)-sec-butylamine to different extents and also how the
relative rates vary with collision energy. These results indicate that
(i) steric effects in the transition state for proton transfer play a
major role in the reaction efficiency and (ii) the ion/molecule
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Fig. 1 Product ion MS-MS spectra (1 eV, 1 mTorr) showing proton
transfer from protonated (a) L-camphor and (b) D-camphor to (R)-(2)-sec-
butylamine.D
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reaction rate is strongly velocity dependent. Ion intensities obtained
for D- and L-camphor for the (S)-(2)-sec-butylamine reagent were
reversed when (R)-(1)-sec-butylamine was employed, as expected.

Ion/molecule reactions in the negative ion mode can in general be
expected to produce closer interactions between the chiral centers in
the complexes involving two chiral reagents. (The negatively
charged complex will have one proton fewer than the neutral
complex, and the positively-charged complex one proton more.)
This effect should enhance the differences in steric interactions
associated with enantiomeric analytes. This expectation is
confirmed by the data shown in Fig. 3 on proton transfer reactions
of deprotonated (R)-(2)-2-butanol and (S)-(1)-2-butanol,
([M 2 H]2, m/z 73) with (D)-camphor (MW ~ 152). Comparison
between the alcohol and amine systems is qualitative only but
the product ion MS-MS spectra show that the abundance of

deprotonated camphor (m/z 151) depends much more strongly on
chirality in the negative than in the positive ion system.

The negative ion data have the advantage that the neutral
analyte itself is probed in the ion/molecule reaction, rather than a
modified (ionic) form. Although the two systems (butylamine and
butyl alcohol) do not permit precise comparison, the magnitude of
the chiral discrimination is much greater in the negative ion system.
This is shown further by comparison of Fig. 2 with Fig. 4, which
shows that over a wide range of collision energies the enantiomeric
alcohols react at very different rates with camphor.

Proton transfer is the most common reaction in the gas-phase
making this approach a promising one for simple, rapid, and
sensitive chiral recognition.
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Fig. 2 Proton transfer efficiency of D- and L-camphor with (S)-(2)-sec-
butylamine at a pressure of 0.2 mTorr versus the laboratory collision energy
(eV) (negative values are due to the distribution of initial ion kinetic
energies).

Fig. 3 Product ion MS-MS spectra (6 eV, 0.7 mTorr) showing proton
transfer from D-camphor to deprotonated (a) (S)-(1)-2-butanol and (b)
(R)-(2)-2-butanol.

Fig. 4 Proton transfer efficiency of deprotonated (R)- and (S)-2-butanol
with D-camphor at 0.7 mTorr versus the collision energy (eV) (negative
values are due to the distribution of initial ion kinetic energies).

C h e m . C o m m u n . , 2 0 0 4 , 2 7 4 0 – 2 7 4 1 2 7 4 1


