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ABSTRACT

Enantiomers of bulky percyclohexylmethyl-substituted pillar[5]arene (Cy-C1-Pillar) were able to be separated by chiral column chromatography,
and the separated enantiomers did not racemize. Even though modified with the bulky cyclohexylmethyl-substituents at both rims, Cy-C1-Pillar
was able to capture a guest molecule.

Planar-chiral compounds are interesting from a struc-
tural point of view, and are expected to be useful as a
framework for functionalmaterials1 such as chiral discrimi-
nators2a,b or chiral polymers and supramolecules,2c,d or as
guest receptors.2g Recently, we reported a novel macro-
cyclic host molecule and named it “pillar[5]arene”.3 The
composition of pillar[5]arene is almost the same as that of
typical calixarenes.4 However, because its repeating units
are connected by methylene bridges at the para-position,

pillar[5]arene has a unique symmetrical pillar architecture
that is different from the basket-shaped structure of the
meta-bridged calixarenes. Moreover, crystals of pillar-
[5]arene are racemic forms: in permethylated pillar[5]arene
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(C1-Pillar, Figure 1a), planar-chiral (pS)- and (pR)-C1-
Pillar are mixed in a 1:1 proportion. Thus synthesis and
investigation of pillar[5]arenes with planar chirality are an
important research target. However, all pillar[5]arenes that
have been synthesized are racemic mixtures; racemization
takes place by rotation of units, and isolation of planar-
chiral pillar[5]arene enantiomers has not been accom-
plished.To isolate planar-chiral pillar[5]arene fromracemic
mixtures, inhibiting the rotational motion is necessary.
However, even by introducing long dodecyl chains at both
rims (C12-Pillar, Figure 1b) rotation of the units took
place.3g Consequently, with the objective of isolating planar-
chiral pillar[5]arene, in the present study we synthesized
novel pillar[5]arenes carrying more bulky cyclohexyl sub-
stituents at both rims. Percyclohexylmethyl- (Cy-C1-Pillar,
Figure 1c) and percyclohexylethyl-pillar[5]arenes (Cy-C2-
Pillar, Figure 1d) were prepared.Their synthetic procedures
andcharacterizationby1HNMR,13CNMR,1H-1HCOSY,
HSQC, mass and elemental analysis are shown in the
Supporting Information. Their rotational and planar-chiral
properties were investigated by variable-temperature 1H
NMR and chiral HPLC measurements.
Figure 2 shows variable-temperature partial 1H NMR

spectra of these pillar[5]arenes. In both cases, the proton
signal from themethylenemoieties adjacent to theOatoms
(peak b) was split into two groups of peaks in 1:1 integra-
tion ratio at 20 �C. Due to the planar chirality of pillar-
[5]arene the methylene protons are diastereomeric. Such
split proton resonances were observed in C12-Pillar and
the split signals coalesced at 1 �C.3g Due to the rotation of
the units, the methylene protons are not diastereomeric at
that temperature. Thus, the split proton resonances are a

useful marker to determine whether rotation of the units
takes place on the NMR time scale. On heating, the
methylene peaks ofCy-C2-Pillarmoved toward eachother
and coalesced (Figure 2a). This indicates that rotation of
the units in Cy-C2-Pillar occurred on the NMR time scale
at the elevated temperatures. By contrast, in Cy-C1-Pillar

the methylene proton resonances hardly changed even on
heating (Figure 2b). This result indicates that rotation of
the units in Cy-C1-Pillar either did not take place or
occurred extremely slowly on the NMR time scale in the
temperature range investigated.
To further investigate the rotational motion in Cy-C1-

Pillar, chiral HPLC measurements were carried out

(Figures 3a and b). Upon injection of Cy-C1-Pillar onto

an appropriate chiral HPLC column, two peaks of equal

area were observed (Figure 3a). The fractions were col-

lected separately then the first fraction was reinjected. The

original first peak was found but the second peak from the

paired enantiomer was not observed (Figure 3b, blue line).

In addition, even by holding at 40 �C for 18 h, the second

peakwas not detected (Figure 3b, red line). The same trends

were also observed in reinjection of the second fraction

(Supporting Information). These data indicate thatCy-C1-

Pillar enantiomers did not racemize. Figures 3c and d show

UV-vis andCDspectraof each fraction.TheCDspectraof

the fractions were mirror images, indicating isolation of

enantiopure (pS)- and (pR)-Cy-C1-Pillar.
The results of variable-temperature 1HNMR and chiral

HPLC measurements can be summarized as follows
(Figure 4). In variable-temperature 1H NMR measure-
ments of Cy-C2-Pillar, rotation of the units took place on

Figure 1. (a) Planar chirality of C1-Pillar. Chemical structures of
(b) C12-Pillar, (c) Cy-C1-Pillar, (d) Cy-C2-Pillar, and (e) OTMA.

Figure 2. Variable-temperature partial 1H NMR spectra of (a)
Cy-C2-Pillar and (b) Cy-C1-Pillar in toluene-d8.
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theNMR time scale, whereas the units ofCy-C1-Pillar did
not rotate (or rotated extremely slowly) on the NMR time
scale. Chiral HPLC measurements exhibited no racemiza-
tion of Cy-C1-Pillar, indicating inhibition of rotation of
the units. It is very interesting to note that the length of the
methylene linker (C1 or C2) between pillar[5]arene and
cyclohexyl groups strongly affected the rotational motion.
We also investigated the host-guest properties ofCy-C1-

Pillar. When Cy-C1-Pillar was mixed with octyltrimethyl

ammonium hexafluorophosphate (OTMA, Figure 1e) in
CDCl3 at 25 �C, the peaks of Cy-C1-Pillar became broad-
ening and a new set of peaks from complexed (green peaks)
andfree (readpeaks) speciesofOTMAwasobserved(Figure5c).
This indicates formation of a host-guest complex between
Cy-C1-PillarandOTMA, and the complexationprocesswas
slow on the NMR time scale at 25 �C. From Job plots the
stoichiometry of the host-guest complex was 1:1 and the
association constant of the complex was found to be 830
M-1 (Supporting Information).
In conclusion, we were able to inhibit rotation of the units

in pillar[5]arene by modification with cyclohexylmethyl
groups. Since theunits didnot rotate,we successfully isolated
each (pS)- and (pR)-form pillar[5]arene enantiomer. To the
best of our knowledge, inhibition of the rotation and isola-
tionof the enantiomers of pillar[5]arene are the first example.
To introducechirality intohostmolecules, a typical approach
is modification of asymmetric carbons in host molecules.5

Cyclodextrins show chirality because they have many asym-
metric carbons.5b,c However, in the present studywe success-
fully obtained chiral host pillar[5]arene by inhibition of
rotation of the units. While various kinds of host molecules
have been developed, planar-chiral host molecules are little
known. Surprisingly, despite the introduction of the 10 bulky
cyclohexylmethyl groups at both rims,Cy-C1-Pillar is able to
capture a guest molecule. On the basis of the host-guest
property, planar-chiral host Cy-C1-Pillar enantiomers will
be used as chiral guest receptors, building blocks for planar-
chiral supramolecular architectures.
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Figure 3. (a) Chiral HPLC traces of Cy-C1-Pillar and (b) the first
fractionofCy-C1-Pillarbyholdingat40 �Cfor18h.Hexane/EtOH=
97/3 (vol%) was used as eluent. (c) UV-vis and (d) CD spectra of
the first and second fractions (14μLmol-1cm-1) inhexaneat 25 �C.

Figure 4. Schematic representation of the rotation movements
of bulky percyclohexyl-substituted pillar[5]arenes.

Figure 5. 1H NMR spectra of (a) Cy-C1-Pillar, (b)OTMA, and
(c) the 1:1 mixture of Cy-C1-Pillar and OTMA in 10 mM in
CDCl3 at 25 �C.
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