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Abstract—Two new types of chiral calix[4](aza)crowns containing L-valine were synthesized by the reaction of calix[4]arene diacid
dichloride with the corresponding chiral diamines derived from C,-symmetric chiral disulfonamides. Preliminary application of
one ligand in chiral recognition was studied by 'H and *C NMR, and UV spectroscopy. © 2002 Elsevier Science Ltd. All rights

reserved.

The widespread research on molecular recognition of
guests by synthetic hosts has stimulated bio(in)organic
chemists to design chiral macrocyclic ligands for chiral
recognition and chiral catalysis."* Calixarenes, the
third generation of host molecules after crown ethers
and cyclodextrin, have been found to be an excellent
‘platform’ for the design of receptor sites for the specific
recognition of guests.>® In this respect, chiral calixare-
nes, which include those bearing an inherently chiral
structure,” and those bearing chiral substituents,'® have
attracted considerable attention in the fields of organic,
biological and medicinal chemistry since the idea was
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first proposed by Bohmer et al!' Recently,
calix[4]azacrowns which combine a calix[4]arene ele-
ment and aza-crown units in their framework, have
received much attention because of their special struc-
tures and good complexing properties towards metal
cations.'> The chiral calix(aza) crowns comprising a
calixarene and a chiral polyamine derived from an
amino acid, could have chiral recognition abilities and
could also serve as good anion receptors!® by co-opera-
tion effects. To the best of our knowledge, there is no
report on this type of chiral calix(aza)crown. In the
present paper, we wish to report the first synthesis and
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Scheme 1. Reagents and reaction conditions: (a) (i) 33% AcOH/HBr (aq.) (v/v), phenol, 130°C, N,, 7 days, (ii)) 2 M NaOH, CHCl,
extraction, 40% for 2a, 35% for 2b; (b) 2a/2b, CH,Cl,, NEt,, rt, 2 days, 25% for 4a, 12% for 4b.
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characterization of the new chiral calix[4](aza)crowns
4a and 4b and a preliminary investigation of the chiral
recognition properties of 4a.

A multistep route, as shown in Scheme 1, was chosen
for the synthesis of these new types of chiral
calix[4](aza)crowns. The tosyl groups of compounds 1a
and 1b'* were removed by treatment with 33% AcOH/
aq. HBr (>40%) (v/v) in the presence of phenol fol-
lowed by basification with 2 M NaOH to give the chiral
amines 2a and 2b'> following the literature method.'®
The reaction of calix[4]arene diacid dichloride 3!7 with
an equimolar amount of 2a or 2b in dichloromethane in
the presence of excess triethylamine under high dilution
conditions gave the new chiral calix[4](aza)crowns 4a or
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4b'8 after column chromatography (silica gel, with chlo-
roform/ethyl acetate as eluent) in 25 and 12% yields,
respectively.

The chiral calix[4](aza)crowns 4a and 4b gave satisfac-
tory elemental analyses and FAB-MS spectra indicated
that they were ‘1+1’ cyclization products. Compounds
4a and 4b are asymmetric due to the formation of the
chiral sub-ring on the lower rim of the calix[4]arene.
The stereogenic centers disturb the planar symmetry of
the phenyl rings, which results in 12 aromatic carbon
signals appearing in the '*C NMR spectra of com-
pounds 4a and 4b.'® This pattern is similar to that
which has been observed in other chiral calix[4]-
arenes.'® The 'H NMR spectra of 4a and 4b'® show
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Figure 1. '"H NMR spectra of the host and its guest complex at 25°C in CDCIl; at 300 MHz. (A) [4a]=4.0x10"*> M; (B)
[5]=4.0x107* M; (C) [4a]=[5]=4.0x10"> M; (D) [6]=4.0x10"*> M; (E) [4a]=[6]=4.0x10"3 M. The small circles indicate the
(CH)CH,; methyl protons of the isopropyl groups of host 4a, the small circle points indicate the protons in the p-tert-butyl groups
of host 4a and the arrow indicates the CH proton of racemic 5 and 6.
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two sets of doublets for the bridging methylene pro-
tons. This demonstrated that the two compounds are in
the cone conformation. The '"H NMR spectra of 4a and
4b also exhibit two sets of doublets for the aromatic
protons and one set of doublets for the ArOCH, pro-
tons. This splitting pattern may relate to the presence of
the chiral moieties in the molecules, as seen in other
chiral calix[4]arenes.'°

Preliminary experiments'® were undertaken to assess
the chiral recognition properties of ligand 4a by 'H
NMR. The dibenzoate of racemic tartaric acid 5 (Fig.
1B) and racemic amygdalic acid 6 (Fig. 1D) were
chosen as probes, The 'H NMR spectra of host 4a and
its complex with equimolar amounts of racemic 5 and 6
are shown in Fig. 1. Two singlet resonances (6 6.03 and
5.99) due to the CH proton of racemic 5 were observed
in the presence of equimolar amounts of 4a, and their
intensity ratio is 1:1, the separation between the two
peaks is 12 Hz (Fig. 1C). However, as shown in Fig.
1B, only one singlet (¢ 6.13) for the CH proton reso-
nance of racemic 5 was observed in the absence of host

4a. 'H NMR titration experiments showed that the
singlet for the CH protons of the L- or D-forms as
guests exhibited a gradual upfield shift with increasing
concentration of the guest until the guest/host mole
ratio reached 1:1; AJ is 0.10 and 0.14 ppm towards the
L- and D-form guest, respectively. This indicates that
the interactions of host 4a with the L- and D-forms of
the tartaric acid derivative are different, resulting in
two singlet resonances for the racemic CH proton. The
results of the 'H NMR titration experiments also sug-
gested the formation of a 1:1 complex between the host
and the D- or L-forms of the guest, on the basis of the
molar ratio method." In comparison with Fig. 1A, in
the presence of racemic 5, Fig. 1C shows a significant
difference for the signals of the p-terz-butyl groups on
the upper-rim of the host 4a: these changed from two
singlets (ratio 1:1) to three singlets (ratio 2:1:1), how-
ever, this interesting phenomenon did not occur
between host 4a and racemic amygdalic acid 6. Fig. 1E
clearly shows that the "H NMR resonances of the
protons in the p-tert-butyl groups of host 4a still show
two singlets (ratio 1:1), but two singlet peaks (6 5.23
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Figure 2. '"H NMR spectra of the complexes of individual enantiomers of the guests 5 and 6 with host 4a at 25°C in CDCl, at
300 MHz. The small circles indicate the (CH)CH; methyl protons of the isopropyl groups of host 4a, the small circle points
indicate the protons in the p-tert-butyl groups of host 4a and the arrow indicates the CH proton of individual enantiomers of the
guests 5 and 6. (A) [4a]=[(D)-5]=4.0x1073 M; (B) [4a]=[(1)-5]=4.0x10> M; (C) [4a]=[(R)-6]=4.0x1073 M; (D) [4a]=[(S)-6]=

4.0x107* M.
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and 5.17) for the CH proton of racemic enantiomer 6
were also observed in the presence of an equimolar
amount of host 4a, and their intensity ratio is 1:1, the
separation between two peaks is 18 Hz whereas only a
singlet peak (0 5.26) for the CH proton resonance of
racemic amygdalic acid 6 was observed in the absence
of host 4a as Fig. 1D shows. From Fig. 1C, we can
deduce that interaction between the host 4a and guest 5
results in a partial cone conformation of 4a in the
complex,® because an appropriate conformational
environment is beneficial to the complexation of the
relatively larger molecular skeleton of guest 5 in com-
parison with guest 6.>' Additional support for this
conclusion was obtained from the '*C NMR spectra of
the complex of host 4a and guest 5 in which two signals
at 0 37.2 and 31.8 ppm were present due to the bridging
methylene carbons, however, there was no signal at ¢
37.0 ppm in the '*C NMR spectrum of pure host 4a.'8
This suggests that the predominant conformation of
host 4a in the complex was a partial cone
conformation.??

Further '"H NMR experiments were conducted by
adding the individual enantiomers of the guests instead
of the racemic mixture. The '"H NMR spectra of the
complex of the individual enantiomers of the guests
with equimolar amounts of host 4a are shown in Fig. 2.
This also shows a significant difference for the signals
of the p-tert-butyl groups on the upper-rim of the host
4a, the same as Figs. 1C and E show. However, only
one singlet for the CH proton resonance of the individ-
ual enantiomers of the guests 5 and 6 was observed in
the presence of the host 4a, thus, we can conclude that
the splitting of the CH is due to the different binding of
the enantiomers and not to two different binding
modes.

A series of UV-absorption experiments was undertaken
to investigate a possible interaction between the host
and guest 5, as shown in Fig. 3. In the plot, Ay+Ap or
Apy+A; denotes the algebraic addition of the individual
absorbances of the D- or L-forms of guests at different
concentrations with the absorbances of host 4a; plot
Ay p or Ay shows the UV absorbance of a mixture
of the D- or L-forms of the guests at different concen-
trations with host 4a. These clearly indicate that inter-
actions between the host and guest do indeed occur,
which could be due to the formation of hydrogen bonds
or m-m interactions between host and guest. Fig. 4
shows a Benesi-Hildebrand plot!'®** for a mixture of
host 4a and the D- or L-forms of 5 in CHCI, at 25°C:
the plot is linear, supporting the 1:1 stoichiometry of
the complex as shown in '"H NMR experiments. The
association constant K, calculated from the slope, was
(9.83+0.43)x10°> M~ and (5.04+0.28)x10°> M~! for the
D- and L-form guests, respectively. It also indicates that
the host 4a exhibits relatively good complexing ability
towards the D-form of the tartaric acid derivative.

In summary, we have synthesized two new types of
chiral calix[4](aza)crowns (4a and 4b). Their structure
was confirmed by elemental analysis, MS, 'H and '*C
NMR spectroscopy. Chiral recognition by host 4a was
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Figure 3. UV spectra absorbance plot upon addition of the D-

or L-forms of the tartaric acid derivative to host 4a (CHCl,
solution, 2.5x107° mol dm~3 at 25°C).
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Figure 4. Benesi-Hildebrand plot for a mixture of host 4a
and the D- or L-forms of the tartaric acid derivative, [4a]=
2.5x107> mol dm~3, CHCl,, at 25°C.

studied by 'H and '*C NMR, and UV spectroscopy. It
was found that host 4a exhibited different recognition
ability towards the D- and L-forms of a tartaric acid
derivative and had different recognition conformations
with different guest species. Recognition ability for such
acidic molecules has been reported only rarely.
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