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Cyclochiral resorcin[4]arenes as effective
enantioselectors in the gas phase
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The effect of cyclochirality of rccc-2,8,14,20-tetra-n-decyl-4,10,16,22-tetra-O-methylresorcin[4]arene (C) on the enantiodiscri-
mination of a number of chiral bidentate and tridentate aromatic and aliphatic biomolecules (G) has been investigated by

nano-electrospray ionization (nano-ESI)-Fourier transform ion cyclotron resonance mass spectrometry. The experimental
approach is based on the formation of diastereomeric proton-bound [C�H�G]+ complexes by nano-ESI of solutions containing
an equimolar amount of quasi-enantiomers (C) together with the chiral guest (G) and the subsequent measurement of the rate
of the G substitution by the attack of several achiral and chiral amines. In general, the heterochiral complexes react faster than
the homochiral ones, except when G is an aminoalcoholic neurotransmitter whose complexes, beyond that, exhibit the high-
est enantioselectivity. The kinetic results were further supported by both collision-induced dissociation experiments on some
of the relevant [C2�H�G]+ three-body species and Density functional theory (DFT) calculations performed on the most selective
systems. Copyright © 2012 John Wiley & Sons, Ltd.

Supporting information may be found in the online version of this article.
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INTRODUCTION

One of themost important goals of the supramolecular chemistry is
the construction of artificial receptors, which can mimic enzyme
activity and selectivity, and are applicable to asymmetric syntheses.
The noncovalent interactions established between chiral host
molecules, for example, proteins, with a variety of guests, as well
as the origin of diastereoselection in the nucleophilic capture by
chiral cation, have been intensively investigated in the gaseous
phase, where solvation effect and ion pairing do not interfere.[1–6]

In general, the gas-phase studies of diastereomeric complexes
provide an efficient probe to evaluate the intrinsic factors govern-
ing enantiorecognition processes.[7] Chiral resorcin[4]arenes are
commonly recognized as instances of potential receptors success-
fully employed in enantiorecognition and catalysis.[8–10] Regarding
resorcin[4]arenes, chirality can be due to (1) the presence of stereo-
genic centers in their side chains, and (2) the spatial arrangement of
achiral subunits forming a structurally chiral macrocyclic scaffold.
The concepts of ‘cyclochirality’ and ‘inherent chirality’ apply to

the latter case. ‘Cyclochirality’ is defined as molecular asymmetry
due to the sense of direction of the rings in a XXXX system
composed by the same building blocks, chemically locked as in
the case of rotaxanes[11] or noncovalently locked by hydrogen
bonds[12], whereas the ‘inherent chirality’ is referred to as a cova-
lently blocked curvature of a XXYZ or WXYZ system.[13] To date,
the recognition capability of gaseous resorcin[4]arenes has been
kinetically explored using predominantly chiral macrocycles of
type 1).[14–22] A first study on the complexation behavior of a cyclo-
chiral resorcinarene towards several chiral quaternary ammonium
ions has been investigated by us using the ESI-mass spectrometry
J. Mass. Spectrom. 2012, 47, 72–79
methodology.[23] To shed more light on the intrinsic factors
governing enantiodiscrimination by cyclochiral receptors, we gen-
erated proton-bound adducts between resorcinarenes C (Chart 1)
and several chiral bidentate or tridentate biomolecules (G, Table 1),
and their reactivity towards some primary amines (Chart 1; B:
CH3CHWNH2 with W=H, CH3, C2H5) has been measured in the
gaseous phase. The cyclochirality of the macrocycles of Chart 1 is
due to the presence of four methoxy and four hydroxy groups on
the aromatic scaffold, which are arranged either clockwise or
counterclockwise. Following the stereochemical nomenclature for
compounds of axial symmetry, we denote the two cyclochiral enan-
tiomers of Chart 1 as (M,R)-C and (P,S)-C (CM,R and CP,S in Chart 1).M
and P notations are referred to the axial chirality of the compound,
whereas R and S describe the inter-ring configuration centers.[24]
Copyright © 2012 John Wiley & Sons, Ltd.



CH3

CH

W W=H, CH3,C2H5
B:

NH2

Chart 1. Cyclochiral Resorcinarenes (C) and neutral amine (B) used in the
gas-phase investigaton.

Cyclochirality in the gas phase
It is well known that naked cyclochiral macrocycles may have
either a C4 (crown) or a C2 (boat) symmetry and that resorcinarene
C is a C4-symmetrical macrocycle[25] with a chiral concave surface
suitable for noncovalent interactions with selected polar guests. It
should be noted that the resorcinarene conformation may be
somewhat influenced in solution by the polarity of the medium.
The crown⇄boat conformational equilibrium is shifted to the
right in going from aprotic to protic solvent because the intramo-
lecular hydrogen bond network stabilizing the C4 symmetry is
partially disrupted by intermolecular hydrogen bonding with the
protic molecules of the solvent.[26] The orientation of guests on
the upper aromatic cavity of C should be further favored by the
presence of a second but apolar cavity on the opposite side
formed by the very long aliphatic chains. Their terminal-CX3
methyl groups (X =H, D) allow the use of quasi-racemic mixtures
of the cyclochiral hosts, thus enabling the simultaneous measure-
ments of the reactivity of the corresponding quasi-diastereomeric
complexes, (e.g., [CP,S

H�H�G]+ and [CM,R
D�H�G]+) (Eqn (1)).[27]

CP;S
H�H�G� �þ þ B ! CP;S

H�H�B� �þ þ G (1a)

CM;R
D�H�G� �þ þ B ! CM;R

D�H�B� �þ þ G ð1bÞ
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EXPERIMENTAL SECTION

Materials

The CP,S
D/CM,R

D racemate was synthesized as reported in
Scheme 1 and purified by recrystallization.[28–32] The deuteration
level of the racemate was measured by means of ESI-mass spec-
trometry technique as exceeding 99%. The CP,S

D/CM,R
D racemate,

as well as the CP,S
H/CM,R

H one, were resolved by reaction with
freshly prepared (S)-(+)-10-camphorsulfonyl chloride, K2CO3, and
dimethylamphetamine in a THF/acetonitril mixture (2:3 v:v) to
yield the functionalized diastereomers, subsequently separated
by silica gel high-performance liquid chromatography. The dia-
stereomeric excess was determined by means of NMR spectros-
copy as >99%. The monocamphorsulfonates diastereomers were
then hydrolyzed under alkaline conditions into the enantiomeri-
cally pure resorcin[4]arenes (�)-CM,R

H and (+)-CP,S
H and their deu-

terated quasi-enantiomeric counterparts (�)-CM,R
D and (+)-CP,S

D.
J. Mass. Spectrom. 2012, 47, 72–79 Copyright © 2012 John W
The absolute configuration of the cyclochiral resorcinarenes is
known from earlier studies by Heaney et al.[24] The CD and NMR
spectroscopic details are described in Supporting Information.
All the other employed substances are commercially available.

ESI-FT-ICR experiments

The experiments were performed at room temperature in an APEX
III 7.0 Tesla Fourier transform ion cyclotron resonance (FT-ICR) mass
spectrometer (Bruker Daltonic GmbH, Bremen) fitted with a nano-
ESI source (Apollo) and a resonance cell (infinity cell). The starting
CH3OH/CHCl3 (10:1) solutions contained the cyclochiral hosts
CP,S

H (1� 10�5M), CM,R
D (1� 10�5M) and the selected guest G

(6� 10�5M). The resulting ions were transferred into the reso-
nance cell by using an accumulation hexapole and a system of
potentials and lenses. Finally, the ions were cooled by collisions
with Argon, pulsed into the cell through a magnetic valve. The
mass spectra of the ESI solutions are characterized by the almost
exclusive presence of the intense signals corresponding to the
proton-bound complexes [C�H�G]+. These noncovalently charged
aggregates were isolated by broad-band ejection of the accompa-
nying ions and were allowed to react with a neutral gas B
(B=C2H5NH2, iso-C3H7NH2, (R) or (S)-sec-C4H9NH2), present in the
cell at controlled pressure (from 2.0� 10�9 to 4.5� 10�8mbar,
depending upon their reactivity). Comparison of the kinetic results
obtained with the quasi-diasteromeric [CP,S

H�H�G]+/[CM,R
D�H�G]+

mixture with the reversed combination [CP,S
D�H�G]+/[CM,R

H�H�G]+
safely excludes any isotope effect on the kinetics of Eqn (1). Each
kinetics has been repeated not less than three times to evaluate
the experimental error.

ESI-CID experiments

Collision-induced dissociation (CID) experiments were performed
on a Micromass Quattro LCZ (Waters-Micromass, Manchester, UK)
equipped with a nano-electrospray ionization (nano-ESI) source.
Operating conditions of the nano-ESI source are as follows: capil-
lary voltage =+1.29 kV, cone= 41 V, collision energy = 14.2 eV,
and source block temperature = 60 �C. Methanolic solutions were
introduced via a nanospray needle. CID experiments were
performed in the following way: after isolation in the first quadru-
pole, the precursor ion was transferred to the collision chamber,
where it was fragmented by collisions with Ar. The resulting ions
were analyzed in the second quadrupole. The nominal pressure
of argon in the collision chamber was 8.0� 10�4mbar. The
relative abundance of fragments results from the area of peaks
of the spectra acquired in profile mode. Multiple scans were
accumulated until a satisfying s/n was achieved.

Computational details

For more rapid calculations, the decamethylene lateral chains
were replaced by methyl groups and the obtained adducts were
optimized using the TURBOMOLE suit program[33] (version 6.02).
For every diastereoisomer, 8–10 different structures were fully
optimized, and their total energies were compared. Noteworthy,
the adduct structures with lowest total energies are indeed
stabilized by a H–O, H–N, and H–p hydrogen bonds network.
Such approach does not ensure finding true global minima but
provides several indicative conformations, which possess lowest
total energy values and hence should strongly contribute into
the distribution of conformational isomers. The BP86 DFT
iley & Sons, Ltd. wileyonlinelibrary.com/journal/jms



Table 1. Investigated Guests, G

Free AA Aminoalcohol

R R’

L-phenylalanine H A1 L-tyrosinol N1

3,4-dihydroxy-L-phenylalanine H A2 (1R,2R)-2-amino-1-phenyl-1,3-propandiol N2

L-tryptophan H A3 L-epinephrine N3

5-hydroxy-L-tryptophan H A4 L-norepinephrine N4

L-tyrosine H A5

AA ester

L-phenylalanine ethyl ester C2H5 E1

L-tyrosine methyl ester CH3 E2

OTos CD3 H
CD3

OMeOH

9 9 9

+

CP,S
DCM,R

D +

(a) (b)

(c)

O

Scheme 1. Synthesis of the labeled quasi-racemate of CM,R
D and CP,S

D. (a) 1.9 eq. d3-MeMgI (1.0M in Et2O), 3mol% CuCl2 and 12mol% 1-phenyl
propyne in THF, 12 h (95% isolated yield), (b) 3.6mol% RuCl3 (H2O)3, 2.5 eq. NaIO4, MeCN/H2O (92:8 v:v), 16 h (62% isolated yield), (c) 2 eq. BF3�OEt2
in dichloromethane, �10 �C, 1 h (56% isolated yield).

C. Fraschetti et al.
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Cyclochirality in the gas phase
functional[34,35] was used in combination with the standard SV(P)
basis sets. The Resolution of the Identity algorithm[36] implemen-
ted in the TURBOMOLE packet[37] was employed for the high
calculation efficiency. Every optimized structure was modified
to increase the number of hydrogen bonds in the adduct and
was then re-optimized. The procedure was repeated until no
more lowering total energy was observed. The most favored
structures were re-optimized using the same functional and the
TZVP extended basis sets (TZV basis sets[38] of triple-zeta quality
plus one p-function set for hydrogen, TZV plus one d-function
set for all the other atoms). Finally, to take into account the
electronic dispersion effects, we re-optimized the most favored
structures using Grimme’s B97-D functional[39,40] and the above-
mentioned TZVP basis sets. The vibrational frequencies were
calculated at the RI-BP86/TZVP and RI-B97-D/TZVP levels of
theory, deriving gradients numerically.[41] The relative energy (ΔE)
magnitudes were computed using zero-point energy (ZPE)-
corrected total energy values, whereas the relative free Gibbs
energymagnitudes (ΔG)were obtained from the same total energy
values corrected by chemical potential (CP) correction values (Table
S5 in Supporting Information). The default scaling factor (0.9914)
was used for the ZPE and CP correction values. All the thermo-
dynamic parameters were computed using freeh routine for
T= 298.15K and P=0.1MPa. The calculated structures were
presented using the visual molecular dynamics program set.[42]

Kinetic results

According to 1H-NMR evidence, competitive solvation prevents
the formation of neutral [C�G] aggregates (in CDCl3 or CDCl3/
CD3OD solutions; Supporting Information). Thus, the proton-
bound [C�H�G]+ complexes are essentially generated in the evap-
orating nano-ESI nanodroplets. The kinetic profile of reactions 1
was analyzed by plotting the log([C�H�G]t+/[C�H�G]0+) versus the
reaction time, where [C�H�G]t+ is the precursor abundance at time
t and [C�H�G]0+ is the sum of the [C�H�G]t+ and the [C�H�B]+
complexes. All the kinetic plots exhibit a mono-exponential
decay with an excellent correlation (0.998< r2< 0.999), which
could suggest the predominance of a single [C�H�G]+ structure or
the coexistence of structures that react with undistinguishable k.
The slopes of the mono-exponential kinetic plots provide a mea-
sure of the corresponding pseudo-first order rate constants (k’) of
Table 2. khomo/khetero measured for reactions of [CH�H�G]+/[CD�H�G]+ com

W=H W=CH3

P.A. 210 212.5

G

A1 0.99� 0.07

A2 0.39� 0.01 0.70� 0.05

A3 0.56� 0.02

A4 2.03� 0.11

A5

E1 0.53� 0.03 0.74� 0.03

E2 0.80� 0.04

N1 0.59� 0.03 0.47� 0.02

N2 3.89� 0.29

N3 0.89� 0.04

N4 1.51� 0.09

P.A. values are reported in kcalmol�1 and have been by taken from a web

J. Mass. Spectrom. 2012, 47, 72–79 Copyright © 2012 John W
Eqn (1). The relevant second-order constants (k) are calculated as
k= k’/[B]. Comparison of k with the corresponding thermal
capture collision rate kcap provides an estimate of the reaction
efficiency (eff = 100 k/kcap; Supporting Information).[43] The effect
of the resorcinarene’s cyclochirality is described by the ratio
r= khomo/khetero, where khomo refers to the rate constant
measured when the host and the guest have the same chirality
and khetero to that measured when the host and the guest have
opposite nominal configuration. The obtained enantioselectivity
ratios r= khomo/khetero are summarized in Table 2 (the individual
rate constants are reported in Tables S1–S3). It should be noted that
the enantioselectivity of the competing reactions 1 increases as the
r values diverges from unity. Control experiments have been
performed by employing the glycine ethyl ester as an achiral
guest, where no appreciable deviation of r from unity has been
obtained ([CP,S

H�H�G]+/[CM,R
D�H�G]+ r=0.98� 0.06 and [CP,S

D�H�G]+/
[CM,R

H�H�G]+ r= 1.00� 0.06). Ligand exchange reactions of
CH3CH2NH2 on [C�H�G]+ complexes of N2, N3, and N4 do not occur
under the used experimental conditions. As shown in Table 2,
most of the enantioselectivity values fall at r ≤ 1.00, thus
indicating that the heterochiral complexes react faster than the
homochiral homologues. The opposite behavior (r> 1.00) is
observed for the [C�H�G]+ complexes with G=A4, N2, N4. In
Fig. 1, an instance of representative mass spectra describing the
reaction of [C�H�N2]

+ towards iso-propylamine has been reported:
as the delay time increases, the diastereoisomer precursor ions
disappear and the exchanged product is formed with different
efficiency, depending on the configuration ofC. Besides, taking into
account that the experimental uncertainty associated with the
measured kinetics does not exceed �10%, the comparison of the
[CP,S

H�H�G]+/[CM,R
D�H�G]+ and [CP,S

D�H�G]+/[CM,R
H�H�G]+ pairs

confirms that their reactions 1 are not affected by significant
isotope effects, except for G=N1 with B= iso-C3H7NH2 (Table S4;
KIE = 0.74).[44]

Theoretical results

To explain the origin of the measured enantioselectivity, we
performed a theoretical analysis to elucidate the structural features
of the [C�H�G]+ noncovalent adducts. In this view, some prelimi-
nary aspects should be discussed: (1) the actual location of the
proton in the [C�H�G]+ complexes, whether preferentially bound
plexes with B

W=C2H5 (R)- W=C2H5; (S)-

214.1 214.1

khomo/khetero (r)
1.10� 0.04 1.10� 0.08

0.93� 0.06 0.94� 0.04

0.95� 0.06 1.08� 0.07

1.31� 0.08 1.44� 0.09

0.95� 0.05 0.99� 0.06

0.77� 0.03 0.82� 0.08

0.82� 0.04 0.84� 0.05

0.54� 0.03 0.76� 0.03

3.94� 0.23 2.65� 0.38

1.02� 0.04 0.78� 0.03

1.57� 0.09 1.32� 0.08

source.[46]

iley & Sons, Ltd. wileyonlinelibrary.com/journal/jms
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Figure 1. Time dependent mass spectra of the reaction of [C�H�N2]+
complexes towards iso-propylamine.

C. Fraschetti et al.
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to the C or to the G moieties, and (2) the actual location of guest
G in the proton-bound [C�H�G]+ complexes. The optimized
structures of adducts of simplified rccc-2,8,14,20-tetra-methyl-
4,10,16,22-tetra-O-methylresorcin[4]arene (C’) with the more
efficiently enantiorecognized guests (N1, N2) are shown in
Figs. 2–3. In the most favored structures of the N1 adducts,
the guest is located in the upper chiral rim of the host; mean-
while, its -NH3

+ charged head is located exactly in the center of
the basket, engaged in NH–p multiple interactions. This predicted
Figure 2. Optimized structures of the diastereomeric heterochiral and hom

Figure 3. Optimized structures of the diastereomeric heterochiral and hom

wileyonlinelibrary.com/journal/jms Copyright © 2012 J
protonation site is consistent with the ESI-CID experiments on
some representative [C�H�G]+ complexes, which gave [H�G]+ as
unique fragmentation product, thus pointing to the amino group
of the guest as the most basic site within the complexes. The
aliphatic OH is engaged in O-Hguest –O-CH3host hydrogen bond-
ing, whereas the aromatic hydroxyl group is preferably located
outside the cavity. The corresponding couple of diastereoiso-
meric structures of [C�H�N2]

+ aggregates is shown in Fig. 3. For
the homochiral adduct, the ammonium group is again inside
the host cavity, whereas in the heterochiral [C�H�N2]

+, the ammo-
nium group is shifted towards the corner of the host possessing
the crown conformation. In both cases, there is a hydrogen
bond network involving two O-Hguest –O-CH3host interactions.
DISCUSSION

The effect of the amine configuration ((R)-(�)-2-C4H9NH2 = k(R) vs
(S)-(+)-2-C4H9NH2 = k(S)) on reactions 1 is inferred from the rele-
vant x= k(R)/k(S) ratios reported in Tables S1–S3. The observation
that the measured x values, in most cases, significantly diverges
from unity strongly indicates that the rate-determining step of
reaction involves a direct interaction between 2-C4H9NH2 and the
diastereoisomeric scaffold of the complex. Because the B-to-G
displacement requires a prototropic transfer between the two
species, it is concluded that the chiral amine B must approach
the proton-bound complex frontside by developing an effective
interaction of the latter with the chiral upper rim of the host before
releasing the neutral guest.
ochiral [C’�H�N1]+ complexes.

ochiral [C’�H�N2]+ complexes.

ohn Wiley & Sons, Ltd. J. Mass. Spectrom. 2012, 47, 72–79
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In principle, the enantioselectivity r values of Table 2 may
essentially reflect the different stability of diastereomeric [C�H�G]+
complexes, coupled with quasi-isoenergetic transition structures
(thermodynamic enantioselectivity). Alternatively, the measured
r values are due to different transition structures stability
connecting quasi-degenerate diastereomeric [C�H�G]+ complexes
to products (kinetic enantioselectivity). Of course, the experimen-
tally observed kinetic scenario may reflect a combination of these
possibilities.

Analysis of Tables S1–S3 reveals that in all cases, the reaction
efficiency (eff) for a given [C�H�G]+ complex increases by increas-
ing the proton affinity of B and by decreasing that of the coordi-
nated guest G (in the order N! E!AA).[46] Furthermore, in all
virtually examined cases, the increase of the B proton affinity,
which should make the relevant transition structures more similar
to the reactant [C�H�G]+ structures than to the product [C�H�B]+, is
accompanied by the tendency of enantioselectivity r terms to
the unity. On these grounds, it is unlikely that the measured
enantioselectivities simply reflect the different stability of diaste-
reomeric [C�H�G]+ complexes, but rather they are thought to arise
from the different stability of the transition structures on the
reaction pathway to products. This conclusion finds an indepen-
dent support from the relative stability of the diastereomeric
[C�H�G]+ complexes obtained by collision-induced dissociation
(CID) of the [CM,R

X�CP,SY�H�G]+ (G=N1; N2; X,Y =H,D or D,H) ions.
CID of [CM,R

X�CP,SY�H�G]+ (X,Y =H,D or D,H) is expected to yield
the corresponding [CM,R

X�H�G]+ or [CP,S
Y�H�G]+ (X,Y =H,D or D,H)

fragments after loss of the other host molecule. Although it is
well recognized that Cook’s method is not particularly suited for
large and polydentate systems, wherein collisional dissociation
may involve not negligible activation barriers and entropy
factors, nevertheless, in this specific case, it can be assumed that
the differential ΔΔS{=ΔS{homo-ΔS

{
hetero contributions are negligi-

ble, as related to the loss of two enantiomeric forms of the same
host. It follows that the relative abundance of the [CM,R

H�H�G]+
and [CP,S

D�H�G]+ (or [CM,R
D�H�G]+ and [CP,S

H�H�G]+) fragments
from CID of their [CM,R

X�CP,S
Y�H�G]+ precursors can represent a

reliable estimate of their relative stability. In this frame, the
diastereomeric [CM,R

X�H�N1]
+ and [CP,S

Y�H�N1]
+ complexes can

be considered as nearly degenerate because of their almost
equal abundance from CID of [CM,R

X�CP,SY�H�N1]
+ (X,Y=H,D or D,H)

([CM,R
X�H�N1]

+/[CP,S
Y�H�N1]

+=1.15� 0.12; Fig. S1a). In contrast, the
homochiral [CM,R

X�H�N2]
+ and the heterochiral [CP,S

Y�H�N2]
+

fragments arising from CID of [CM,R
X�CP,SY�H�N2]

+ (X,Y=H,D or D,H)
exhibit a relative abundance significantly below unity ([CM,

R
X�H�N2]

+/[CP,S
Y�H�N2]

+ = 0.72� 0.10)[47] (Fig. S1b). This result is in
full agreement with the more pronounced reactivity of the
homochiral [CM,R

X�H�N2]
+ complexes, relative to that of

the heterochiral [CP,S
Y�H�N2]

+ one, towards the same amine B in
the FT-ICR experiments. The calculated relative energies of the
[C’�H�N1]

+ diastereomeric adducts (Fig. 2; ΔE=Ehomo-Ehetero = 0.12
kcalmol�1) are very close, whereas the corresponding values for
[C’�H�N2]

+ differ more significantly (ΔE=1.22 kcal/mol).[48] This
result apparently correlate well with the CID of [CM,R

X�CP,SY�H�N1]
+

and [CM,R
X�CP,SY�H�N2]

+. Therefore, the same stability of the
diastereomeric [C�H�N1]

+ adducts indicates that the enantioselec-
tivity valuesmeasured for this systemmostly reflect the relative free
Gibbs energy values of the corresponding transition structures. On
the other hand, the combination of CID and kinetic results
strongly supports the view that the enantioselectivity mea-
sured for the diastereomeric [C�H�N2]

+ adducts reflect either
J. Mass. Spectrom. 2012, 47, 72–79 Copyright © 2012 John W
their relative stability as well as that of the transition structures
involved across the reaction coordinate.
CONCLUSION

The interactions between a cyclochiral resorcin[4]arene and repre-
sentative bidentate and tridentate guests have been explored in
the gas phase. The results represent the first example of kinetic
enantiodiscrimination exclusively due to the structural asymmetry
of a macrocycle scaffold. Mostly, the heterochiral adducts react
faster than their homochiral counterparts, with few exceptions
(G=A4; N2; N4). In the most enantioselective system, the guest is
an aromatic aminodiol, thus suggesting that basically, the guest
does need two hydroxyl groups to selectively interact with the
upper region of the chiral scaffold and one basic amino group to
keep the charge and behave as the effective hook by sticking on
the aromatic complex counterparts by cation–p interactions. This
structural arrangement is confirmed by DFT calculations. The
pronounced effect of the neutral gas proton affinity unambigu-
ously indicates that the major enantioselectivity reason is the
intimate interaction developed in the diastereomeric transition
structures. This view is supported by CID of the three-body
[CM,R

X�CP,SY�H�N1]
+ complexes that points to the same stability for

diastereomeric [CM,R
X�H�N1]

+ and [CP,S
Y�H�N1]

+ complexes. Never-
theless, the CID result obtained for the [CM,R

X�CP,SY�H�N2]
+ adduct

indicates the combination of thermodynamic and kinetic factors
as the origin of the FT-ICR selectivity, the less stable homochiral
species being even the more reactive one.
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