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Abstract: A combination of a benzoxanthene cleft-type
receptor with an electron-rich aromatic ring capable of
establishing charge-tranfer interactions provides enantiose-
lective receptors for dinitrobenzoylamino acids. Racemic
mixtures of the receptor can be resolved with TLCs impreg-
nated with the guest. The structure of the complexes has
been established in an X-ray study. Enantiomeric amino
acids provide complexes with different colors.

Interactions among aromatic rings are important in
molecular recognition,1 and charge-transfer receptors
have already been shown to be useful in the resolution
of racemic mixtures.2 A combination of these forces with
highly directional H bonds could provide good enantio-
selectivities. Receptor 1 (Scheme 1), based on a cis ben-
zoxazole-tetrahydrobenzoxanthene skeleton, has shown
good results in the association of carboxylic acids3 and
the structure of its complexes can be established through
X-ray diffraction studies with p-toluic acid as guest
(Figure 1). According, receptors 2 to 4 (Scheme 1) were
prepared. In these molecules, the cleft-type receptor 1 is
combined with an aromatic electron-rich ring acting in
a charge-transfer interaction.

Preparation of receptors 2-4 was carried out from
receptor 1 and the lithium salt of the phenylendiamines
(Scheme 1).

CPK models show that dinitrobenzoylamino acids fit
into this cleft especially well as shown in Figure 2. o-,
m-, and p-amino-substituted rings were tested to optimize
the results.

The chiral recognition of receptors 2-4 was studied
with the racemic receptors and enantiomerically pure
dinitrobenzoylamino acids. 1H NMR competitive titra-
tions4 were carried out in CDCl3 at 20 °C, adding small
amounts of the guest to the receptor solution. Plotting
the receptor-split signals with respect to each other and
treatment with a Monte Carlo based curve-fitting pro-
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SCHEME 1 a

a Reagents and conditions: (a) BuLi, THF, -30 °C, N,N-
dimethylbenzene-1,4-diamine, 74%; (b) BuLi, THF, -30 °C, benzene-
1,3-diamine, 73%; (c) BuLi, THF, -30 °C, benzene-1,2-diamine,
80%.

FIGURE 1. X-ray structure of the complex between receptor
1 and p-toluic acid.
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gram provided the Kass ratio between both enantiomeric
receptors.

The results are shown in Table 1, and from them the
ortho-substituted receptor 4 was ruled out. Enantiose-
lectivities were similar with receptors 2 and 3. However,
the para substitution was much more attractive. While
both receptor 3 complexes are yellow, the strong complex
in receptor 2 is red and the weak one is orange (Figure
3). Therefore, receptor 2 was chosen to resolve its racemic
mixture.

Preparative TLCs (20 × 20 cm, SiO2 16 g) impregnated
in a chloroform/methanol (99/1) dinitrobenzoyl-L-alanine
solution (c 3) were loaded with receptor 2 (100 mg) and
eluted with toluene/dimethyl ether (8/2). A red band
corresponding to the strong complex with Rf 0.44 was
separated from the orange one with Rf 0.11. Extraction
with ethyl acetate, washing this solution with 4% aque-
ous sodium carbonate, and crystallization in methanol
afforded 45 mg of each optically pure receptor ([R]20

D

+177.6 (c 0.10, CHCl3) for the enantiomer that forms the
strong complex and [R]20

D -181.8 (c 0.11, CHCl3) for the

one that forms the weak complex). The UV-visible
spectra of the complexes (c ) 3.6 mM) revealed the
expected charge tranfer band, at 445 nm for the weak
complex [ε ) 130.6 L/(mol‚cm) (A ) 0.47)] and 477 nm
for the strong one [ε ) 197.22 L/(mol‚cm) (A ) 0.71)].

The spectroscopic properties of the most stable associ-
ate between receptor 2 and dinitrobenzoyl-L-alanine are
in good agreement with the proposed structure (Figure
2). The main clues pointing to this are NOE effects
between the aromatic rings of the host and guest and
the alanine methyl group (1.3%) and the H-7 proton in
the receptor. After slow evaporation, crystallization of the
racemic receptor and the racemic guest in chloroform/
undecane yielded crystals suitable for X-ray analysis.
Study of this strong complex also supported the previous
geometry (Figure 4).

Semiempirical geometry optimizations were carried out
at the restricted Hartree-Fock (RHF) level, using the
PM3 semiempirical SCF-MO method, including molecu-
lar mechanics correction for HCON linkages (keyword
PM3MM), as implemented in the Gaussian 98W pro-
gram.5 These modeling studies also predicted this geom-
etry and revealed the reasons for the enantioselectivity
of these complexes. Exchange of the amino acid side chain
with the R-proton should lead to the weak associate
geometry. In this structure, the amino acid lateral chain
collides with the dinitrobenzoyl carbonyl group, raising
the energy of this structure by 4.28 kcal (Figure 2).
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FIGURE 2. Strong and weak complexes between receptor 2 and dinitrobenzoylalanine.

TABLE 1. Kass Ratio between Both Enantiomers of
Receptors 2-4 and Several Dinitrobenzoylamino Acids
in CDCl3 at 20 °C

guest 2 3 4

dinitrobenzoyl-L-ethylhexylcysteine 54.0 54.0 7.4
dinitrobenzoyl-L-alanine 32.0 39.0 6.7
dinitrobenzoyl-L-leucine 23.0 25.0 4.9
dinitrobenzoyl-L-phenylglycine 12.0 12.0 2.8

FIGURE 3. Photograph of the solutions of the two diastere-
omeric complexes of receptor 2 and dinitrobenzoylalanine
(concentration 7.2 mM) in which the different color can be seen.
The orange solution (left) corresponds to the weak complex
while the strong one is red (right).

FIGURE 4. X-ray structure of the (5aS,6R,11aR‚S) associate
between receptor 2 and dinitrobenzoyl alanine.
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The circular dichroism spectrum of (+) receptor 2
showed a Cotton effect at 310 nm (extinction: 19.81).
Comparison of this maximum with a similar tetrahy-
droxanthene molecule of known configuration6 confirmed
the (5aS,6R,11aR) receptor stereochemistry.

An estimate of the stability of these complexes was
obtained for the dinitrobenzoyl derivative of S-ethylhexyl-
cysteine. This unnatural amino acid was chosen owing
to its solubility in chloroform. Direct measurement of the
association constant in this solvent of the weak complex
afforded a value of Kass ) 1.1 × 105 M-1. From the
competitive experiment, we evaluated the strong complex
with Kass ) 5.9 × 106 M-1.

The strong chiral discrimination of this receptor sug-
gested its use in the resolution of the guest’s racemic
mixtures. Resolution of an amino acid racemic mixture
was attempted in a biphasic chloroform/water system.
The diastereomeric complexes of the (5aS,6R,11aR)
receptor and the racemic dinitrobenzoylalanine were
placed in an NMR tube. The spectrum displayed the
alanine doublets of the methyl group at 1.74 and 1.66
ppm for each diastereomeric complex. Adding a water
solution of 1 equiv of the racemic dinitrobenzoylalanine
as its ammonium salt to the NMR tube led to an increase
in the intensity of the signal at 1.74 ppm while the
methyl group at 1.66 ppm showed only a small integral
(ca. 10/1). A larger amount of the guest ammonium salt

led to an undetectable signal at 1.66 ppm. The preference
for the formation of the strong complex in the organic
phase yielded the transfer of the S-guest molecules in
the water phase to the organic solvent, while the guest
with the R configuration led this phase to the water layer
after proton exchange. The use of a “Cram machine”-like
device7 could provide the resolution of large amounts of
racemic guests with a small quantity of this receptor.
Moreover, the colorimetric chiral recognition achieved by
using a molecular sensor capable of visual discrimination,
such as receptor 2, has attracted considerable attention
because it is a convenient method for monitoring the
chirality of the molecules.8
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