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Planar chiral rotaxanes were synthesized from crown ether
and secondary ammonium salt via trialkylphosphane-catalyzed
acylative end-capping. Their optical resolution was achieved
by chiral HPLC after acylative neutralization of the ammonium
group. When optically active trialkylphosphane 2 was used as
the chiral acylation catalyst, optically active rotaxane (4.4%
ee) was obtained.

One of the most interesting features of interlocked com-
pounds such as rotaxanes and catenanes is chirality.1 Especially,
planar chiral rotaxanes and catenanes have attracted considera-
ble attention.2,3 Even if the components of a rotaxane have no
chirality, their combination can exhibit planar chirality. Some
planar chiral rotaxanes and catenanes have been prepared using
achiral components and resolved into their enantiomers by chiral
HPLC separation.2 Although chiral rotaxanes are expected to be
an effective chiral source,3m the supply of optically active rotax-
anes on a massive scale is difficult with HPLC separation.

Asymmetric synthesis is one of the most effective methods
to prepare optically active compounds. Although diastereoselec-
tive preparation of some planar chiral rotaxanes has been inves-
tigated,3c,3h at least one equivalent of chiral auxiliary has been
necessary. Further, the preparation of a chiral rotaxane that has
only planar chirality is difficult. Therefore, we have focused
our attention on the catalytic enantioselective synthesis of
planar chiral rotaxane. We previously reported tributylphos-
phane-catalyzed synthesis of rotaxane consisting of crown ether
and secondary ammonium salt.4 The use of chiral trialkylphos-
phanes 1 and 2 instead of tributylphosphane5 may provide a
simple and effective procedure for the preparation of planar
chiral rotaxanes.

Amide-substituted crown ether 3, which has less symmetry
than the parent dibenzo-24-crown-8, was used as the wheel com-
ponent. The preparation of rotaxanes 4was carried out using sec-
ondary ammonium salt 5 as shown in Scheme 1.4

Two racemic rotaxanes 4a and 4b were prepared in good
yields by using tributylphosphane as the catalyst. Their struc-
tures were confirmed by comparing their spectroscopic data with
those of similar rotaxanes.4

The optical resolution of 4 was extensively investigated
using chiral HPLC; however, all attempts were unsuccessful.
Under the best condition, only partial resolution of 4a was
attained by using Chiralcel OD column eluted with hexane/
2-propanol (30/70). It can be deduced that two alkyl groups
in the ammonium salt 4 are too similar for a chiral column to dis-
criminate the chirality. The high polarity of 4might also prevent

effective resolution because a highly polar eluent was necessary
for 4 to elute from the column. To increase the dissymmetry of
the rotaxane, the ammonium salt group was neutralized with
acylative treatment to give rotaxane 6.4d,6 In the case of 6, both
sides of the wheel component face different functional groups,
amide and ester, since the wheel moves from the ammonium sta-
tion by the acylation.

The optical resolution of 6awas successfully achieved using
a Chiralcel OD column eluted by hexane/ethanol (85/15).
Meanwhile, the optical resolution of 6b using Chiralcel OD
resulted in partial resolution. Thus, chemically bounded AD-
type column was used to achieve baseline resolution with
hexane/chloroform/2-propanol (60/40/2) (see Supporting In-
fromation). (+)-Form was first eluted using an OD column,
while (�)-form was first eluted using an AD-type column. Both
enatiomers of 6a (>99% ee by HPLC analysis) were obtained
by a preparative OD column. Their CD spectra (see Supporting
Infromation) showed completely opposite signs, thereby indicat-
ing complete optical resolution.

For the asymmetric synthesis of 4, chiral trialkylphosphane
is necessary. Therefore, P-chiral phosphanes (S)-1 (90% ee)
and (S,S)-2 (99% ee), which are easily prepared by (�)-spar-
teine-mediated desymmetrization, were used as the catalyst.7,8

The results of the asymmetric synthesis of 4 are summarized
in Table 1. Since 1 and 2were less active acylation catalysts than
tributylphosphane, reactions proceeded slowly. When 1 was
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used as the catalyst, little chirality was induced. However, when
2 was used as the catalyst, optically active 4 was obtained: 4a of
4.4% ee (the error was less than 0.5%) was obtained in chloro-
form. In dichloromethane, 4a of 4.3% ee was obtained. The sys-
tem was heterogeneous when benzene or acetonitrile was used as
the solvent, and 4a of lower e.e. values was obtained. When 3b
was used as the wheel component, only very low chirality was
induced even when 2 was used as the catalyst. Hydrogen-bond-
ing interaction between one of the phosphane groups in 2 and the
amide group on the crown ether wheel can explain the fact that 2
was the better asymmetric catalyst in the catalytic asymmetric
synthesis of 4 than 1. However, the rather low ee value indicates
that such an interaction is very weak to discriminate the face of
the crown ether. If a trialkylphosphane that can strongly interact
with the amide group can be used as the catalyst, higher ee
values are expected.

In conclusion, we have demonstrated the first catalytic
asymmetric synthesis of planar chiral rotaxane. P-Chiral trial-
kylphosphanes were effectively used as the catalyst. The chiral
discrimination of the rotaxane with the chiral HPLC was suc-
cessfully achieved by the increment of the asymmetric nature
based on the planar chirality by its N-acylation. Exploration of
a more effective asymmetric catalyst and catalytic reaction is
under active investigation.

We thank Professor Tsuneo Imamoto, Chiba University,
for the donation of trialkylphosphanes (S)-1 and (S,S)-2.
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Table 1. Asymmetric synthesis of rotaxane 4a

Entry Cat. Wheel Solvent
Yield
/%b

ee
/%c

1 Bu3P 3a CHCl3 90 —
2 1 3a CHCl3 50 <0:5
3 2 3a CHCl3 48 4.4
4 2 3a CH2Cl2 45 4.3
5 2 3a benzene 10 <0:4
6 2 3a CH3CN 5 2.2
7 Bu3P 3b CHCl3 81 —
8 2 3b CHCl3 35 �1:7

aReactions of 5 were carried out at ambient temperature
for 24 h in the presence of 1.4 equiv. of 3 and 0.2 equiv. of
trialkylphosphane as the catalyst. When 1 and 2 were used
as the phosphonium triflate, 0.2 equiv. (1 equiv. to the
phosphonium salt) of triethylamine was added. Initial con-
centration; [5] = 0.33M. bIsolated yield. cDetermined after
N-acylative neutralization.
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