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ABSTRACT

A new approach to the synthesis of meta-substituted enantiopure inherently chiral calix[4]arenes by introducing L-Boc-proline as dual functions
of the chiral auxiliary has been described. Moreover, the absolute configurations of the enantiomers were determined by CD spectra, X-ray
crystallographic analysis, and the chemical derivative method.

Inherently chiral calixarenes1 whose chiralities originate from
the asymmetric array of achiral residues on the calixarene
skeletons have attracted much attention for their unique
structures and potential applications in chiral recognition2

and asymmetric catalysis.3 In the past two decades, several
different approaches to inherently chiral calix[4]arenes have
appeared in the literature; however, their optical resolution
was usually achieved through HPLC methods,1,4 which was
inappropriate for scale-up and thus impeded their practical
applications. Recently, we5 and other groups6 reported a
convenient approach to enantiopure inherently chiral calix-

arene derivatives by introduction of a chiral auxiliary and
then separation of subsquent diastereomers via column
chromatography on silica gel, preparative TLC, or even
simple crystallization. This approach allows the gram-scale
synthesis of the enantiopure inherently chiral calix[4]arenes
and further research on their potential applications.5e

In 1995, Reinhoudt et al.7 reported a simple method for
the preparation of two functionalized inherently chiral calix-
[4]arenes by direct introduction of a substituent inp-
acetoamido-substituted calix[4]arene. We envisaged that if
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a chiral amide was used instead of the acetoamide, it would
perform as not only an activating group but also a chiral
resolving auxiliary. Consequently, enantiopure inherently
chiral calix[4]arenes could be obtained by the electrophilic
aromatic substitution, separation of the diastereomers, and
then hydrolysis (Scheme 1). Here, we report a new approach

to enantiopure inherently chiral calix[4]arenes by introducing
L-Boc-proline as dual functions of the chiral auxiliary, which
appears to be more efficient than those we reported previ-
ously.5 Moreover, their absolute configurations can also be
determined by CD spectra, X-ray crystallographic analysis,
and the chemical derivative method.

Starting from the aminocalix[4]arene1,8 compound2 was
prepared in 71% yield by the reaction of1 andL-Boc-proline
in the presence of DCC and DMAP. Bromination of2 with
an excess of NBS in 2-butanone at room temperature gave
the diastereomers3aand3b as a mixture in 83% total yield,
which could then be readily separated by preparative TLC
(Scheme 2). MALDI-TOF MS of both3a and 3b showed
peaks atm/z 1052.4 for M+, 1075.4 for [M + Na]+, and
1091.4 for [M + K] +.9 But different 1H NMR spectral
properties of3a and 3b were observed (Figure 1). While
well-defined proton signals of3b in CDCl3 at room tem-
perature or in DMSO-d6 at 350 K were observed, the protons
of 3a showed quite broadened signals in both CDCl3 and
DMSO-d6 (Figure 1a,b) at room temperature, which might
be due to the conformations of the proline moiety and its

rate of cis-trans isomerization.9,10 At 350 K, sharpened
proton signals of3acould be observed in DMSO-d6 (Figure
1c).

We tried the amide hydrolysis of3aand3b under different
acidic and basic conditions, and finally found that the
hydrolysis with Ba(OH)2‚8H2O in n-butanol and DMSO
proved to be successful. Consequently, a pair of antipodes
4a and 4b could be obtained in 82% and 85% yield,
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Scheme 1

Scheme 2

Figure 1. Partial1H NMR spectra (300 MHz) of3a and3b: (a)
3a in CDCl3, (b) 3a in DMSO-d6, (c) 3a in DMSO-d6 at 350 K,
(d) 3b in CDCl3, and (e)3b in DMSO-d6 at 350 K.
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respectively (Scheme 2). Circular dichroism (CD) spectros-
copy (Figure 2) showed an excellent mirror image between

(-)-4a ([R]25
D -15.9) and (+)-4b ([R]25

D +15.9), indicating
their inherent chirality.

The absolute configurations of4a and 4b were further
determined by a single-crystal X-ray diffraction study. Thus,
a suitable crystal was obtained by diffusion ofn-pentane into
4a in THF and MeOH (v/v, 1:1).11 As shown in Figure 3,

the macrocyclic framework adopts the usual shape for a
calix[4]arene in the cone conformation, with angles between
the opposite phenoxy rings of 3.98° and 94.70°, respectively.
Because the Br group is located at the C-6 position12 of the
inherently chiral calix[4]arene4a, its absolute configuration

can be designated ascS.13 On the basis of the result of4a,
we can further assign the absolute configurations of3a,3b,
and4b to becS,cR, andcR, respectively.

In addition to the bromination, we also studied the nitration
of the amidocalix[4]arene derivative2. As shown in Scheme
3, a pair of nitro-substituted inherently chiral calix[4]arenes

5a and5b were synthesized by the reaction of2 with 100%
HNO3, and conveniently resolved by common silica column
chromatography. Enantiopure antipode6aand6b were then
obtained by the hydrolysis of5a and 5b with Ba(OH)2 in
n-BuOH and DMSO. CD spectroscopy9 also showed an
excellent mirror image between (+)-6a ([R] 25

D +150) and
(-)-6b ([R]25

D -150), which indicates clearly their inherent
chirality.

Reduction7 of 5b by Raney Ni in the presence of hydrazine
hydrate gave the aminocalix[4]arene derivative7, which was
then methylated14 by HCHO and acetic acid in the presence
of NaBH3CN to give compound8 in 89% yield (Scheme
4). The X-ray crystal structure of815 was determined and

shown in Figure4. Through the chemical derivative method,
we could assign the absolute configurations of the nitro-
substituted inherently chiral calix[4]arenes. Consequently, we
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Figure 2. CD spectra of (-)-4aand (+)-4bin CH2Cl2 at 25°C.

Figure 3. Side view (a) and top view (b) of the crystal structure
of compound4a. Hydrogen atoms are omitted for clarity.
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Scheme 4
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designated the absolute configurations of5b and 6b to be
cR, in which the nitro group is located at the C-4 position
of the calixarene. For5aand6a, their absolute configurations
can be assigned ascS.

In summary, we have presented a new approach to the
convenient synthesis of two pairs of meta-functionalized

inherently chiral calix[4]arenes on the upper rim based on
the dual functions of theL-Boc-proline auxiliary, and further
assigned their absolute configurations by CD spectra, X-ray
crystallographic analysis, and the chemical derivative method.
The functionalized inherently chiral calixarenes we described
here can be considered as versatile substrates for the
preparation of more elaborated inherently chiral calix[4]-
arenes, which may be applied to chiral recognition and
asymmetric catalysis.16 Further work is now in progress in
our laboratory.
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Figure 4. Crystal structure of compound8. The methanol molecule
and hydrogen atoms are omitted for clarity.

4450 Org. Lett., Vol. 9, No. 22, 2007


