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The most widely used technique for chiral separations at the
analytical and semipreparative scale is liquid chromatography (LC)
on chiral stationary phases (CSPs).1 Numerous CSPs exist.1,2 The
desire for more generality, better selectivity, more robustness and
predictability drives the search for new CSPs.3 While understanding
the mechanism of chiral selectivity will certainly advance the
search4 for better selectors, screening of libraries is showing promise
for CSP discovery.5 We note that all the current screening methods
require the immobilization of either the target or the selector to a
stationary phase; some of them also require packing and using the
CSP in a column. These steps require time, labor, and material. It
would be extremely useful to have a library screening protocol for
chiral selector discovery that would function within the standard
regimen for biological screening of combinatorial libraries. That
means using submilligram quantities of candidate selectors in
DMSO solution in 96- or 384-well microtiter plates.

Here we introduce such a method based on target distribution
between an aqueous phase and an organic (film) phase in a
microtiter plate.6,7 Partitioning experiments are performed in the
presence and the absence of a candidate selector in the organic
phase. The difference in the observed distribution of the target
reports on the binding of the target to the selector. Since ordinary
organic solvents are difficult to work with, especially at low volume,
we prefer thin polymer films as the organic phase. Plasticized poly-
(vinyl chloride) (PVC) films have been used to study molecular
recognition,8 so it is naturally a good choice for chiral recognition.
Figure 1 gives the sequence of operations for the screening
procedure. The films are 50:50 (w/w) dioctyl sebacate (DOS) and
PVC and occupy about 5.0µL. The aqueous phase contains target
initially. Alternatively, target and selector may be combined in the
film phase initially.

As a validation of our method prior to application (for detailed
protocol, see Supporting Information), we consider a known chiral
selector and target.N-(3,5-Dinitrobenzoyl)phenylglycine (DNBPG,
1), when attached to a stationary support, has a selectivity (R) of
1.3-1.69,10 to 2,2,2-trifluoro-1-(9-anthryl)ethanol (TFAE,2). We
define TFAE as the selector and observe the release of DNBPG
from the PVC/DOS film to the aqueous buffer solution, with or
without the selector in the film. Kinetic studies show that the target
distribution needs 5 h toreach equilibrium with the microplate in
a shaker (500 rpm, 25°C). Figure 2 shows the dependence of the
concentration of target in the aqueous phase (10 mM HCl) at
equilibrium on the selector concentration in the PVC/DOS film.

Both selectors hindered the release of target in a concentration-
dependent manner. At all selector concentrations, compared with
(R)-TFAE, the (S)-TFAE kept more (R)-DNBPG in the film phase;
when (S)-DNBPG was the target, the opposite held true. The higher
the selector concentration, the greater was the difference. Since a
relatively low selector concentration minimizes the effect of TFAE
self-association in the film (if it occurs), we determinedKf (the
formation constant for the (+)- and (-)-targets with the selector)
and the selectivity,R, at the selector concentration of 36 mM, andKp

(partition ratio) with no selector present. Table 1 shows the results.
The formation constants are extremely small, yet complex

formation influences partitioning. In a case like this, where material

Figure 1. Screening protocol.

Figure 2. Effect of TFAE concentration on DNBPG (7.2 mM) release
from the PVC/DOS film (5.0µL) to the 10 mM HCl solution (200µL).
Error bars are the standard error of the mean (16 repeats).
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supply is not limited, we were able to perform a number of repeat
measurements, adding significance to the measured absorbance
differences. The value of selectivity is significant and similar to
the value found in chromatography cited above. It is likely that, in
normal organic solvents, the formation constants would be larger.8a,11

In order for the solute distribution process to reveal binding, the
solute partition coefficient (distribution without selector) must be
in a certain range (which depends on phase ratio). For accurate
calculation ofKf, the selector should not be soluble in water and
should have no self-association in film. The effect of partitioning
of selector into the aqueous phase is to reduce the sensitivity of
the measurement to binding.

We applied this method to screen a small library of potential
chiral selectors for econazole (3), an antifungal agent. This small
library contains 12 cyclopropyl dipeptide isosteres.12 Racemic
econazole solutions (120µM) were prepared in phosphate buffer
(25 mM, pH 3.0) and equilibrated with PVC/DOS films (phase
ratio,Φ ) 40), without selector and with selectors I-XII (structures
in Supporting Information). The equilibrium optical absorbances
in the aqueous phase for candidate selectors I-XII were compared
to the control using thez distribution (Table 2). Eight of the 12
compounds show significant binding to econazole at the 99%
confidence level.

As the racemate was used, chiral capillary electrophoresis (CE)
was needed to determine the selectivity of econazole distribution.
Among the eight compounds, only selector X (4) showed measur-
able enantioselective binding (Table 3).

As indicated by the Peak 1/Peak 2 area ratio in the chiral CE
trace (Supporting Information), selector X binds the two enanti-
omers of econazole differently. Assuming no selector X was back-
extracted to the aqueous phase, the selectivity is calculated to be

1.2. Though the selectivity is too low to use this compound as a
chiral selector, it is remarkable that in this small sample we
identified a selector.

There is a great deal of flexibility in this system. The sensitivity
of the technique can be adjusted. While here we have demonstrated
applicability to small values ofR, it is also possible to set up a
system in which a particular combination ofKf andR is discovered.
In this high-throughput screening application, only 200 nmol (<100
µg) of each library member (in the second example) was used.
Because of the small mass requirements, it opens up huge numbers
of compounds as candidate selectors. The same procedures can be
used to test one selector versus many solutes (i.e., generality).
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Table 1. Values of Kp for DNBPG Going from PVC/DOS (50:50
w/w) Film Phase to 10 mM HCl Phase and Its Kf with TFAE in the
Film

Kf (M-1)

Kp R-R or S-S R-S or S-R R

39.2( 0.2 5.8( 0.6 10.5( 0.6 1.8( 0.2

Table 2. Binding of Econazole to the Potential Selectors

selector
UV abs.
(218 nm) Na zb Kf (M-1)

No 0.737 24
I 0.724 2 1.36
II 0.685 2 5.43 48( 9
III 0.680 2 5.96 53( 9
IV 0.661 2 7.94 73( 10
V 0.741 2 0.42
VI 0.724 2 1.36
VII 0.677 2 6.27 57( 9
VIII 0.641 2 10.0 96( 11
IX 0.696 2 4.29 38( 9
X 0.502 2 24.6 298( 17
XI 0.676 2 6.38 58( 9
XII 0.714 2 2.40

a Number of repeats.b Difference in absorbances divided by the error
of the difference in absorbances.

Table 3. Peak Area Ratios from CE of Econazole

econazole
area ratio

(Peak 1/Peak 2) SEM n

before extraction 0.980 0.002 6
after no selector 0.973 0.003 6
extraction selector X 1.051 0.009 16
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