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ABSTRACT

R = Br, NO,

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 calixarenésvhose chiralities originate from  arene derivatives by introduction of a chiral auxiliary and
the asymmetric array of achiral residues on the calixarenethen separation of subsquent diastereomers via column
skeletons have attracted much attention for their unique chromatography on silica gel, preparative TLC, or even
structures and potential applications in chiral recognition simple crystallization. This approach allows the gram-scale
and asymmetric catalysidn the past two decades, several synthesis of the enantiopure inherently chiral calix[4]arenes
different approaches to inherently chiral calix[4]arenes have and further research on their potential applicati#hns.
appeared in the literature; however, their optical resolution In 1995, Reinhoudt et dlreported a simple method for
was usually achieved through HPLC methédsyhich was the preparation of two functionalized inherently chiral calix-
inappropriate for scale-up and thus impeded their practical [4]arenes by direct introduction of a substituent [
applications. Recently, Wieand other grougsreported a acetoamido-substituted calix[4]arene. We envisaged that if
convenient approach to enantiopure inherently chiral calix-
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a chiral amide was used instead of the acetoamide, it would||| N NG

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
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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® 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]arerig® compound? was
prepared in 71% yield by the reaction bandL-Boc-proline
in the presence of DCC and DMAP. Bromination2vith

Scheme 2
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rate of cis—trans isomerizatidit® At 350 K, sharpened
proton signals oBacould be observed in DMS@s (Figure
1c).

an excess of NBS in 2-butanone at room temperature gav_

the diastereomeiZaand3b as a mixture in 83% total yield,
which could then be readily separated by preparative TLC
(Scheme 2). MALDI-TOF MS of botl8a and 3b showed
peaks atm/z 1052.4 for M, 1075.4 for [M + NaJ*, and
1091.4 for [M + K]*.° But different *H NMR spectral
properties of3a and 3b were observed (Figure 1). While
well-defined proton signals a3b in CDCl; at room tem-
perature or in DMSQs at 350 K were observed, the protons
of 3a showed quite broadened signals in both Cp&id
DMSO-a; (Figure 1a,b) at room temperature, which might
be due to the conformations of the proline moiety and its
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Figure 1. Partial'H NMR spectra (300 MHz) o8a and3b: (a)
3ain CDCl;, (b) 3ain DMSO-a;, (c) 3ain DMSO-d; at 350 K,

(d) 3b in CDCls, and (e)3b in DMSO-d; at 350 K.

We tried the amide hydrolysis @aand3b under different
acidic and basic conditions, and finally found that the
hydrolysis with Ba(OHy8H,O 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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respectively (Scheme 2). Circular dichroism (CD) spectros- can be designated &S On the basis of the result dfa,

copy (Figure 2) showed an excellent mirror image between we can further assign the absolute configuration3ayf3b,
and4b to becS,cR, andcR, respectively.

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

(1)100% HNO
PRtk

(2) column
chromatography §

Ba(OH), Ba(OH),
n-BuOH/DMSO

88%

Figure 2. CD spectra of (—)-4and (+)-4bin CH,CI, at 25°C.

(—)-4a([0]*>> —15.9) and §)-4b ([a]? +15.9), indicating
their inherent chirality.

The absolute configurations dfa and 4b were further
determined by a single-crystal X-ray diffraction study. Thus,
a suitable crystal was obtained by diffusionmgpentane into
4ain THF and MeOH (v/v, 1:1}! As shown in Figure 3,

5aand5b were synthesized by the reactionivith 100%
HNQOj3, and conveniently resolved by common silica column
chromatography. Enantiopure antipddkeand6b were then
obtained by the hydrolysis dda and 5b with Ba(OH), in
n-BuOH and DMSO. CD spectroscdpwplso showed an
excellent mirror image between-j-6a ([o]?% +150) and
(—)-6b ([a]**» —150), which indicates clearly their inherent
chirality.

Reductior of 5b by Raney Ni in the presence of hydrazine
hydrate gave the aminocalix[4]arene derivaffyavhich was
then methylatett by HCHO and acetic acid in the presence
of NaBH:;CN to give compound in 89% vyield (Scheme
4). The X-ray crystal structure @°® was determined and
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Figure 3. Side view (a) and top view (b) of the crystal structure

of compound4a. Hydrogen atoms are omitted for clarity. shown in Figuret. Through the chemical derivative method,

we could assign the absolute configurations of the nitro-
substituted inherently chiral calix[4]arenes. Consequently, we

the- macrocyqllc framework adopts_, the psual shape for a (11) Crystal data fosa: GsoH7:BrNO,, M = 855.02, monoclinic, space
calix[4]arene in the cone conformation, with angles between groupp2,, a = 12.568(7/13 Ab = 16.286(9) A,c = 24.219(14) A S =
the opposite phenoxy rings of 3.98nd 94.70, respectively. 99.468(6)° v % 4890(5) 7, Z = 4, pcatca = 1.161 cnT?, Mo Ka radition,
Because the Br group is located at the C-6 postfiofithe 6156%7&2720([)’;. = 0883 mimr%, T = 113(2) K, R = 0.0769,Ry =

inherently chiral calix[4]arenda, its absolute configuration (12) About the numbering of carbon atoms in calixarene, see ref 1.
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Figure 4. Crystal structure of compour&l The methanol molecule
and hydrogen atoms are omitted for clarity.

designated the absolute configurationssbfand 6b to be
cR, in which the nitro group is located at the C-4 position
of the calixarene. Fdsaand6a, their absolute configurations
can be assigned &S.

In summary, we have presented a new approach to the

convenient synthesis of two pairs of meta-functionalized

(13) Dalla Cort, A.; Mandolini, L.; Pasquini, C.; Schiaffino, New J.
Chem.2004,28, 1198—1199.
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4293—-4296.
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inherently chiral calix[4]arenes on the upper rim based on
the dual functions of the-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 catalysi¥. Further work is now in progress in
our laboratory.
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