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ENANTIOSELECTIVE BINDING IN GAS CHROMATOGRAPHY:
A COMPUTATIONAL STUDY OF CHIRAL SELECTION BY
PERMETHYL-B-CYCLODEXTRIN
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Stochastic molecular dynamics simulations were used to deter mine the enantiomer retention orders of moderately polar
analytes binding to permethylated B-cyclodextrin, a popular chiral stationary phase used in gas chromatography. It is
found that averaging over multiple trajectories, each of which are lengthy, is required to faithfully reproduce
experiment. From the simulations we find the major binding domain to be the interior of the macrocycle rather than
the exterior with most analytes having a preference for associating to the primary rim rather than to the secondary rim.
It is also found that the intermolecular forces responsible for holding the complexes together are the short range
dispersion forces, and that the enantiodifferentiating forces of the competing diastereomeric complexes are dominated
by the van der Waals contributions to the intermolecular energy. © 1997 by John Wiley & Sons, Ltd.
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INTRODUCTION

Compelling reasons exist for the separation of enantiomers,
and to accomplish this task, major advances have been
made during the last 10 years in the area of chira
chromatography.! Rather than converting enantiomers in to
diastereomers in situ followed by chromatographic separa-
tion and reconversion to the resolved enantiomers (an
‘indirect’ method), many scientists prefer the ‘direct’
approach of chira chromatography. Here the enantiomeric
analytes pass through a chromatographic column forming
transient diastereomeric complexes that, by virtue of their
different association constants, give rise to different reten-
tion times. The advantages of chiral chromatography are
such that a wide range of methods have been developed for
these direct resolutions. For all these methods the under-
lying requirement is that they possess some sort of chiral
environment, although in some instances one can achieve
partial resolution of enriched mixtures on non-chiral
columns.?

A large number of chiral stationary phases exist, most of
which are adsorbed or directly tethered to inert silicathat is
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then packed into the column. These CSPs are derived from
awide range of materials, including natural and non-natural
sources. Because these materials are so diverse in both their
properties aswell as how they form the transient complexes,
Wainer® has suggested classifying them based on their
mechanism of complexation. One category, Type |11 CSPs,
act by host—guest complexation. The best example of this
class of CSP, and also the most widely used Type |11 CSP,
are the cyclodextrins and their derivatives. They are used in
planar,* gas,® liquid® and super-/subcritical fluid chromatog-
raphy.” Cyclodextrins have also been extensively studied
because of their ability to form host—guest complexes of
interest to physical organic chemists,® but also because their
chiral microenvironments are suitable as enzyme mimics,®
and microenvironments for asymmetric synthesis.® Clearly,
then, there exist a wide range of scientists" and technolo-
gists? who are interested in this class of compounds for a
variety of reasons. Understanding how these macrocycles
work as chiral selectors is therefore important.

Our focusis on permethylated B-cyclodextrin, 1, as ahost
molecule because it is the most commonly used CSP in gas
chromatography. Moreover, the binding and discrimination
in this type of chromatography are in the ‘gas’ phase rather
than an aqueous medium where hydrophobic forces are
known to induce host—guest complexation. Figure 1 depicts
the structure of this inherently chiral macromolecule.
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312 K. B. LIPKOWITZ ET AL.

Figure1. (Top) view looking into the permethyl-B-cyclodextrin
chiral cavity. (Bottom) side view illustrating the typical conical
shape of these molecules. The more open end is the 2° rim and the
narrower end isthe 1° rim. Dark gray tones represent oxygen atoms
and light gray tones are carbons. Hydrogen atoms omitted for
clarity. Structure presented as having a sevenfold symmetric, time-
averaged geometry

The key issue we address here is where binding takes
place, and in particular whether binding occurs inside or
outside of the CD cavity. Berthod et al.** have recently
presented their results of a lengthy extrathermodynamic
study of gas-phase bindings using a wide range of analytes
on similar CSPs and found evidence for two binding modes.
One mode presumably corresponds to encapsulation (inte-
rior binding) and the other to exterior binding. We now
focus on the binding of low molecular weight compounds to
the permethylated B-cyclodextrin 1 to answer three funda-
mental questions: first, where in or around the macrocycle
do guests tend to bind?; second, what are the intermolecular
forces responsible for holding the diastereomeric complexes
together?; and third, what are the intermolecular forces
responsible for chiral discrimination? In this paper, we
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present the results of molecular dynamics simulations of
severa analytes binding to 1 so that we can assess where
small, moderately polar guests tend to bind in the gas phase
as well as to understand the origins of enantioselection.

COMPUTATIONAL TOOLS

Molecular mechanics* calculations were carried out with
the AMBER* force field”® as found in Macromodel 5-5.*
The PR conjugate gradient minimizer” was used to
minimize the energies, and convergence was obtained when
the gradient root mean sguare was below
10~*kJmol ~* A~ Throughout this paper all force field
calculations assume a dielectric of 1-0, and no cut-offs of
any kind were used.

Stochastic dynamics®® (SD) simulations were carried out
with the AMBER* force field with the fully optimized,
lowest energy structures as the initial structures. The
analyte-CD complexes were warmed to the simulation
temperature over a period of 5ps, then equilibrated for
25 ps. During the production simulations of 5000 ps each,
structures were saved the disk every 0-5ps, resulting in
10000 saved structures from each trgjectory. The SD
simulation each had a time step of 0-5 fs with equilibration
and production run temperatures of 353K (analyte 2),*°
370K (analyte 3)® and 383 K (analyte 4)* to be consistent
with experimental gas chromatographic conditions. Transa-
tional and rotational momentums were removed every 100
time steps. To keep the CD-analyte complexes together,
flat-bottom restraints were used between the stereogenic
center of the analyte and the linking acetal oxygens of the
CD [flat-bottom restrains alow the selected degree of
freedom, a distance from the cyclodextrins acetal oxygens
in this case, to move freely a desired distance (20 A) before
a harmonic constraining force is applied; the restraining
force constant was set equal to 100 kJmol ~* A~%. Using
these restraints, if the analyte strayed more than 20 A away
from any linking acetal oxygen, it was gently pushed back
towards the CD. These restraints were used in the heating,
equilibration and production portions of the simulations.

Post-simulation analysis of the SD trgectories was
performed with an in-house program which computes,
among other things, intermolecular energies (using the
AMBER* force field in this case) and the center of mass
positions of amolecule relative to another (anout, written by
MAP to analyze MacroModel molecular dynamics trgjecto-
ries; this software is available from Dr M. A. Peterson,
Department of Chemistry, University of Florida, Gaines-
ville, FL 32611, USA). In this work the analyte’s positions
were calculated relative to the centroid of the best-fit plane
through the acetal linking oxygens of the CD. For
trajectories being averaged, these analyte positions were
combined and placed on athree-dimensional grid. The sides
connecting eight adjacent grid points define a volume
element. The number of analyte positions in each volume
edement is talied and the resulting number densities
are output in a form suitable for visualization with
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ENANTIOSELECTIVE BINDING IN GC 313

IRIS Explorer [IRIS Explorer Center (North America),
Downers Grove, IL 60551-5702, USA, or via <URL http:/
/www.nag.co.uk/1h/Welcome_IEC>]. This allows us to
identify where the analytes prefer to bind to the CD (see
below).

SIMULATION STRATEGY

What we wish to accomplish is to stimulate the binding of
enantiomeric analytes to CSP molecules as those analytes
migrate through the chromatographic column. It is not
possible to do this computationally given the current tools
we have to work with. How, then, can one sample the
various intermolecular interactions between analyte and
CSP? The approach we take is to use asingle CSP molecule
with a single analyte molecule and carry out molecular
dynamics simulations on those systems. In redity the
analyte molecule binds to the CD but then dissociates and
moves downstream to another CD, where it again binds.
The enantioseparation that we are interested in predicting
depends on the differential binding energies. To effect this
simulation with a single selector (the CSP) and a single
selectand (analyte), we allow the molecules to bind,
dissociate and re-bind multiple times by placing areflective
wall around the diastereomeric complexes. To accomplish
this we use a flat-bottom potential having no restraining
forces until the analyte molecule moves 20 A from the
cyclodextrin. At that point a 100 kdmol ~* A~ restraining
force is applied which pulls the analyte back toward the
CSP where it can further associate. Effectively, then, what
we have accomplished in this way isto alow the analyte to
collide randomly with the CSP in all possible conforma-
tions, orientations and positions as it would in the rea
system.

To probe the system fully we need to sample as large a
volume of phase space for each diastereomeric complex as
possible. Moreover, to ensure that no computational arti-
facts are introduced into the system, eg. starting the R
enantiomers trgjectory on one rim of the cavity and the S
enantiomers on the other rim or one enantiomer inside the
cavity with the other on the outside, we superimpose
selected atoms of each enantiomer to generate a racemic
‘supermolecule’ that is then placed in specified starting
positions (see figure 2). Once both enantiomers have been
docked in the same place and with the same orientation/
conformations, one of the enantiomers is removed, leaving
behind a well defined binary, diastereomeric complex with
the desired stereochemistry.

Theinitial docking positions areillustrated in Figure 2. In
this cartoon the cyclodextrin is represented by a truncated
conical cylinder and the asterisks correspond to the location
of the analyte (note that because the ‘supermolecule’ has
been docked, oneis assured of the same initia positions and
orientations for both enantiomers for each trgjectory being
computed). The wide end of the cyclodextrin is the
secondary rim and the narrower one the primary rim.

Five trgjectories are run for each enantiomer beginning
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*5

7

T 3
Figure2. Cartoon illustrating the starting points of the five
trajectories for both R and S enantiomers of al anaytes. The
conical bucket shape represents the cyclodextrin depicted in Figure

1. The asterick labels correspond to the specific trajectory number
described throughout the text

from the five initia positions illustrated in Figure 2. For
docking purposes the cyclodextrin used is a sevenfold
symmetric structure that allows us to place the analytes at
precise positions parallel or perpendicular to the sevenfold
axis. The reader should note that cyclodextrins are not
symmetric at any given time. They are inherently flexible
and undergo wide-amplitude flexing motions.? Over along
enough simulation time, however, the time-averaged CD
structure is expected, and found, to be nearly symmetric
(see below). The symmetric structure is used only for
docking purposes.

The upshot of our simulation strategy isto sample awide
volume of phase space beginning from different initial
conditions corresponding to different locations on the
complexes potential hypersurface. We then run very long
simulations (5 ns for each tragjectory), generating an
ensemble of trajectories whose energies are then averaged.
At this point we need to ask ourselves whether or not we are
artificially biasing our results. One biasinvolves placing the
analyte into the CD (if trapped within the cavity the energies
will be unfairly weighted to represent internal binding, an
issue we are investigating here). To illustrate that the
simulations are not artifically biased toward internal bind-
ing, Figure 3 shows the location of the anayte (its center of
mass more specifically) with respect to the host. The datain
Figure 3 corresponds to a single trgjectory of analyte 2
beginning from the interior of the host. The time period this
data was collected over is from 0-500 ps of the production
part of the simulation (recall each of our trajectoriesis 5 ns).
From the figure we see that the analyte quickly escapes from
the interior of themacrocycle and begins to sample sites at
the exterior of the host. Similar plots with the analyte
beginning outside the CD show the analytes likewise move
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Figure3. The first 10% of pinene trgectory 1 (see figure 2) illustrating that
molecules quickly escape from the interior of the CD cavity. The dots correspond
to the pinene's center of mass relative to the cyclodextrin

around and begin to sample the inside of the CD cavity,
indicating, as we shall see later, that the intermolecular
potential energy surfaces of these weakly bound complexes
are very shalow, allowing rapid migration into and out of
the macrocycle. Accordingly, the simulation strategy we
adopt here seems not to be biased and is set up in away so
as to explore as much of phase space as possible in an
evenhanded way.

RESULTS

The analytes considered in this study are representative of
moderately polar compounds that have been resolved on
permethylated cyclodextrin CSPs. Compounds 2 and 3 are
hydrocarbons lacking any sort of polar functionality while
the analyte 4 is moderately polar with the carbon—fluorine
bond capable of dipolar associations with various ether and
acetal linkages of the CD. In all cases the analytes have
been resolved on 1, albeit by different groups and at
different chromatographic temperatures and flow rates.”**

SR P

The results of our simulations are presented in Tables 1-3.
© 1997 by John Wiley & Sons, Ltd.

Both the total potential energies for each trgjectory as well
as the component force field energies for each trajectory are
given. The averages are presented at the bottom of each
table. R1, R2, etc. corresponds to the trajectories 1, 2, etc.,
for the R enantiomer while the designation S1, S2, etc. are
those trajectories for the S enantiomer. Experimentaly, in
all cases, the R enantiomer is eluted from the column after
the S enantiomer.® In our tables one sees that the R
enantiomer of limonene, «a-pinene and 1-fluorophenyl-
ethane al have the lower averaged potential energies
compared to their enantiomeric counterparts meaning they
are more tightly affixed to the CSP and, accordingly, are
predicted to be longer retained on the chromatographic
column. Hence the computed retention orders agree fully
with experimental retention orders. The differences in
energy for each enantiomeric set are very small, but thistoo
is what one finds experimentally. The energies presented in
the tables are not true free energies because the entropies
have not been determined explicitly. Thus direct compar-
isons with chromatographic « values (the ratio of
chromatographic capacity factors, related to free energy
differences) cannot be made. Nonetheless, the magnitudes
of these energy differences taken together with the correct
retention orders indicate that our simulations are virtuous
and that we can now begin to extract meaningful data from
those simulations.

DISCUSSION

Before discussing the binding sites and origins of enantiose-
lection, it is imperative to point out that very long
simulation times, aong with averaging over multiple
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Table 1. MD results (kJmol ~ %) for limonene-CD

Total Stretch Bend Torsion vdw Electrostatic
R1 176766 38270 595.76 290-26 45-23 453-66
R2 178351 38324 59542  303-29 46-83 455.73
R3 1781-82 38347 599.92 286-39 5762 454.-42
R4 178481 38349 603-06 283-16 6119 45391
R5 177912 38351 60190 285-00 58-35 450-36
Av. Ex 1779-38 38308 59921 28962 53-85 453.62
S1L 177950 38344 598.73 286-27 59-60 451-46
) 177858 38297 59948  286-66 58-60 450-87
3 179646 38287 59898 30047 58-99 455.15
A 1793-03 38323 602:02 294-14 61-61 45203
53 178344 38316 60271  290-90 5792 448-75
Av- Eg 178620 38313 600-38  291.69 59-34 45165
AAEg ¢ —-6-82 —0:05 -1.17 - 207 —549 1.96

trajectories, are required to obtain the correct chromato-
graphic retention orders. Presented in Figure 4, as an
example, are running averages of the total potential energies
for thefivetrgjectoriesfor R and Senantiomers of a-pinene.

315

[Note that pinene has two stereogenic centers and should
more properly be named using two CIP stereochemical
designators or as (+)- or (—)-antipodes, however, most
chromatography papers designate the ( — )-antipode as Sand

Table 2. MD results (kJmol ~?) for pinene-CD

Total Stretch Bend Torsion vdw Electrostatic
R1 188188 38543 666-37 324-36 7151 434-31
R2 186859 38536 66650 31654 67-49 43270
R3 1876-51 38570 66767 31453 7326 435.35
R4 1873-36 38582 667-07 310-69 7399 435-80
R5 1860-20 38519 66410 32801 47-87 43503
Av. Ex 187211 38550 666-34 31881 66-82 43464
SL 187476 38582 666-27 31510 7260 43497
S 1866-02 38548 666-27 318-38 62-50 433-39
3 1883-07 38548 66748 32352 7421 43318
A 1885-78 38526 66528  326-10 7393 435-21
5 1866-38 38607 66990 305-88 69-39 435-14
Av. Eg 187536 38562 66704 31780 7053 434-38
AAEg_¢ -325 -012 -057 1.010 —-370 026

Table 3. MD results (kJmol %) for 1-fluorophenylethane-CD

Total Stretch Bend Torsion vdW  Electrostatic
R1 190463 369:67 566-61 51056 31.84 425-95
R2 190398 36975 56604 51117 21.98 427-04
R3 191867 37076 57273 50032 50-83 42403
R4 192443 37017 569-47 509-52 4881 426-46
R5 192068 369-70 568-05 510-07 4648 426-38
Av. B 191293 37001 568-58 508:33  41.59 425.97
S1 190418 36949 565-24 51146  30-79 427-70
v 191763 37065 57197 50075 50-52 423-79
3 190539 36976 56758 51069 3169 42567
A 192671 37023 56974 50944  48-82 42848
5 1906-38 369:06 564-39 512.20 33:08 427-65
Av. Eg 191349 36984 56778 50891 38-98 42656
AAE; ¢ —0-56 0-17 080 —058 261 —0-59

© 1997 by John Wiley & Sons, Ltd.
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the (+)-antipode as R, referring only to the stereocenter at
C1. To be consistent with the chromatographic literature we
adopt that simpler nomenclature scheme.] If one wereto use
the data from a single trajectory, even if it were lengthy, the
predicted retention order could be incorrectly assigned
depending on which trajectory was used, e.g. trgjectories 1
and 2. Likewise, even if one were to average over multiple
trgjectories, by using traditional simulation times of
500-1000 ps could also lead one to predict the incorrect
retention orders. To be successful in making predictions we
find that the number of trgjectories and the duration of each
trajectory should be at least those which are presented in

Pinene Trajectory #1

this paper, otherwise one runs the risk of improper sampling
of phase space and, consequently, predicting the wrong
elution orders. Our comment concerning the number and
duration of trajectories is based on previous, unpublished
experience. It isimperative that we predict correct retention
orders consistently for al analytes before we extract
information from those simulations. Earlier we carried out
molecular simulations using multiple trajectories, each of
which was only 500 ps long, a standard time value found in
the literature. While most results were predicted correctly
using that computational protocol, several inverted retention
orders were predicted. Similarly, we attempted using a

Pinene Trajectory #2
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Figure 4. Running averages of potential energies for the five (R/S)-pinene trajectories illustrating that averaging over long,
multiple trajectories is required to predict correctly analyte retention orders
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simulation protocol having a single, lengthy trajectory, but
that too resulted in several incorrect predictions. However,
combining long times with multiple trajectories appears to
be a reliable computational protocol for consistently giving
correct answers. Hence our suggestion that the number and
duration of trajectories be similar to those described in this
paper is based on past experience. Finally, the reader should
note that extending the simulation times might lead to
incorrect answers. We did not bias the outcome of these
results by deliberately stoping the simulation times at 5 ns
S0 asto be consistent with experiment. Rather, that time was
arbitrarily selected so as to be long, but not too long to be

R—Limonenc (top)

S-Limonene (top)

intractable given our computing resources.

We now turn our attention to enantioselective binding.
The first issue we address concerns the preferred binding
site of the analytes. In particular we ask whether analytes
prefer to bind on the interior or the exterior of the CD
cavity. This is an extremely controversial issue amongst
separation scientists. To answer this question we placed the
time-averaged CDs center of mass a the origin of a
Cartesian coordinate system which in turn was placed on a
grid. Eight neighboring grid points constitute a small
volume element (a volumetric pixel or a ‘voxe’). The
number of times an analyte's center of mass passed through

R-Limonene (side)

Figure5. ‘Dot plot’ illustrating the limonene center of mass, relative to the cyclodextrin, over the combined 25 ns simulation. (Top end-
on and side views of the R enantiomer; (bottom) end-on and side views of the S enantiomer

© 1997 by John Wiley & Sons, Ltd.
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aparticular voxel, evaluated over the entire simulation time
period, was talied. The most densely populated volume
elements are the preferred binding sites. To visualize this
Figures 5-7 show the locations of analytes 2—4 over the
course of the simulation.

It is evident from Figures 57 that all analytes prefer to
bind to the interior of the CD cavity. The reason for this
behavior is that interior binding is stabilized by the
macrocycle which collapses around these small analytes,
thus maximizing van der Waals forces (in contrast to
exterior binding). One also notes, in general, that the more
tightly bound R substrates have better defined binding sites

R-Pinene (top)

S-Pinene (top)

than do the less tightly bound S enantiomers, which appear
more scattered. It is also instructive to note that preference
is given for all analytes to bind to the primary rim of the
macrocycle but this must be stated with some trepidation
because in some instances, e.g. (S) limonene, it isdifficult to
discern which rim is more heavily populated. Thisis to be
contrasted with the results of most aqueous phase NMR
studies where intermolecular NOEs indicate a preference
for the wider, secondary rim.?® Generally, however, at these
elevated gas chromatographic conditions the anayte is
rapidly sliding back and forth between the two rims as well
as into and out of the cavity itself. Still, clear preferenceis

R-Pinene (side)

Figure 6. ‘Dot plot’ illustrating the pinene center of mass, relative to the cyclodextrin, over the combined 25 ns simulation. (Top) end-on
and side views of the R enantiomer; (bottom) end-on and side views of the S enantiomer

© 1997 by John Wiley & Sons, Ltd.
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noted for interior binding rather than exterior binding, and
there exists a propensity for analytes to associate with the
more flexible primary rim of the cavity rather than the
secondary rim.

The next issue we address concerns the forces responsible
for host—guest complexation. To evauate this we must not
consider the energies in Tables 1-3 because those values
include the interaction energies between host and guest
molecules in addition to the internal self-energies of both
molecules. More appropriate for our discussion are the
intermolecular energies only. These energies can be decom-
posed into short-range dispersion components and

R-1-Fluorophenylethane (top)

S-1-Fluorophenylethane (top)

long-range electrostatic components.

These intermolecular contributions are compiled in
Tables 4-6, for each trgjectory, as well as for the full 25 ns
simulations. For the hydrocarbon examples one expects, and
finds, a relatively small intermolecular electrostatic inter-
action between host and guest, and that the attractions are
dominated by the dispersion forces. Generally, the van der
Waals terms are between one and two orders of magnitude
larger than the electrostatic contributions. Hence the forces
most responsible for holding the hydrocarbon complexes
together are the short range dispersion forces. The akyl
halide 4 has short-range van der Waals interactions like the

R-1-Fluorophenylethane (side)

Figure7. ‘Dot plot’ illustrating the 1-fluorophenylethane center of mass, relative to the cyclodextrin, over the combined 25 ns simulation.
(Top) end-on and side views of the R enantiomer; (bottom) end-on and side views of the S enantiomer

© 1997 by John Wiley & Sons, Ltd.
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Table 4. Trajectory-averaged intermolecular energies for 2-CD

(kJmol ~%)
R S
Trajectory vdw Electrostatic ~ vdwW Electrostatic
| —23-39 —0-99 —9.98 —0:53
I —22-73 —0-66 —10-97 —047
11 —1114 —0-49 —10-60 - 059
\Y% —877 —-027 —814 —043
\Y —11-66 -057 —12:98 —0:59
Average —1554 —0-60 —10-53 —-0:52

hydrocarbons, but is anticipated to have additiona long-
range electrostatic contributions that may be significant due
to the electronegative fluorine. In this case the electrostatic
contributions are larger than those for the hydrocarbon
complexes but, again, the van der Waal s terms dominate the
host—guest association. For the three analytes studied here,
then, we conclude that while electrostatic and dispersion
terms contribute to the intermolecular complexation, the
major force holding the complexes together are the short-
range dispersion forces.

The next issue we consider is the question of enantiose-
lectivity. In particular we ask if the dispersion forces are
more or less discriminating than the electrostatic forces. To
answer this, one need only compare the averaged inter-

Table 5. Trajectory-averaged intermolecular energies for 3-CD

(kI mol %)
R S
Trajectory vdwW Electrostatic vdwW Electrostatic
| -9.35 -026 — 745 -019
I —12:90 -0-28 -1824 -037
1 =777 -0-20 - 702 -019
\% —5.80 -016 — 647 -021
\ —31-86 - 065 —10-74 -0-29
Average —1354 -031 —9:98 —-0:25

Table 6. Trajectory-averaged intermolecular energies for 4-CD

(kJmol ~%)
R S
Trajectory vdw Electrostatic ~ vdwW Electrostatic
| — 2844 —2:77 —41.01 -335
I —44.35 —4.48 —23:86 —297
1" —23:80 -335 —43.00 —4.36
\Y% —26-32 —2:99 —25-99 —-279
\% —42:54 —4-61 —43:33 —4-18
Average —33-:09 —-364 —3544 —-353

© 1997 by John Wiley & Sons, Ltd.

molecular van der Waals energies for the R enantiomer
compared with the S enantiomer in Tables 46 and
determineif those energy differences are greater or less than
the corresponding electrostatic values. For example, in
Table 4 the average intermolecular van der Waals energy
difference is 4-01 kJmol ~* (— 15:54 vs — 10-53) while the
average intermolecular electrostatic difference is only
0.08kJmol~* (—060 vs —0-52) indicating that the
intermolecular van der Waals force is substatially more
enantiodiscriminating than the intermolecular electrostatic
force. For al the analytes addressed in this study, using this
particular force field and the aforementioned sampling
strategy, it is seen that the differential van der Waals forces
arelarger, typically by one to two orders of magnitude, than
the electrostatic contributions. This indicates that the
intermolecular force responsible for enantioselection is the
short-range dispersion force. Hence we find that the same
forces responsible for host—guest complexation are aso
responsible for chiral selectivity.

CONCLUSION

In this study, using stochastic molecular dynamics with the
AMBER* force field, we simulated the enantioselective
binding of weak and moderately polar analytes with
permethylated B-cyclodextrin, the most commonly use
chiral stationary phase in gas chromatography. We found
that averaging over multiple trgjectories, each of which
should be very long, is need to predict the correct
chromatographic retention orders as well as to replicate the
very small differentia binding energies of these enantio-
meric analytes associating with the cyclodextrin.

From these simulations we found that (1) all molecules
prefer binding to the interior rather than the exterior of the
macrocyclic host because the flexibility of the macrocycle
allows it to collapse around the guest and to maximize the
intermolecular van der Waals attractions; (2) a preference
exists for analytes to associate with the smaller and more
flexible primary rim rather than the wider, secondary rim;
(3) the intermolecular forces responsible for host—guest
complexation are the short-range dispersion forces; and (4)
the intermolecular forces responsible for enantioselection
are also the short-range van der Waals forces.

The analytes studied here are moderately polar and they
are representative of many such analytes resolved on this
popular CSP. Work isin progress to simulate the binding of
polar molecules, particularly alcohols capable of forming
strong intermolecular hydrogen bonds to the acetal and
ether linkages of the macrocyclic host, for comparison with
the results obtained from this study. Those results will be
reported in the near future.
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