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Pseudo[2]rotaxane, having dialkylammonium with a ferro-
cenyl stopper and a vinyl group as the axis component, under-
went cross-metathesis reaction with acrylate esters to form ferro-
cene-containing [2]rotaxanes.

Rotaxanes have attracted increasing attention because of
their interlocked structures as well as their unique physical and
chemical properties.1,2 Since ferrocene derivatives undergo
one-electron redox reaction reversibly,3 they are employed as
materials to construct the host–guest systems and rotaxanes that
function as the stimulus response system driven by the electro-
chemical reaction of the ferrocene center.4,5 Recently, we report-
ed that electrochemical oxidation of aminomethylferrocene de-
rivatives in the presence of TEMPOH (1-hydroxy-2,2,6,6-tetra-
methylpiperidine) and DB24C8 (dibenzo[24]crown-8) produced
the pseudo[2]rotaxanes that contain ferrocenomethylammonium
as the axis component.6 Suitable end-capping reactions of these
pseudo[2]rotaxanes would fix the interlocked structure and form
the corresponding [2]rotaxanes with bulky stoppers at both ends
of the axis molecule, as shown in Scheme 1. Bond forming reac-
tions, such as cycloaddition of azide to alkyne and esterification
of acid anhydride with alcohol, were used for end-capping,
because they form a new bond between the axis molecule and
bulky stopper molecule efficiently under mild conditions.7 Cross
metathesis between the vinyl group and acrylate was recently
reported to proceed selectively in the presence of the Ru catalyst.
In this paper, we report end-capping of a ferrocene-containing
[2]rotaxane via the Ru-catalyzed cross metathesis reaction.8,9

Scheme 2 shows the preparation of pseudo[2]rotaxanes with
a ferrocenyl stopper and a vinyl group. 1a and 1b are prepared
from ferrocenecarboxaldehyde and benzylamines containing
an olefin group.6,10 Dissolution of an equimolar mixture of 1a
and DB24C8 in CD3CN (10mM for each compound) forms
pseudo[2]rotaxane 2a. 1HNMR signals of NCH2 hydrogens
(� 4.37, 4.50) were observed at lower magnetic field positions
than the corresponding signals of 1a (� 4.02, 4.04), suggesting
C–H���O interaction between the NCH2 group and DB24C8,
while the signals of vinyl hydrogen of 1a and 2a overlapped with
each other. A mixture of 1b and DB24C8 in CD3CN also forms
pseudo[2]rotaxane, 2b. The 1HNMR signals of vinyl hydrogens
of 2b (� 5.22, 5.67, 6.58) shifted to higher magnetic field posi-

tions than the corresponding signals of 1b (� 5.33, 5.86, 6.77),
because of the shielding effect by aromatic groups of
DB24C8. The formation of 2a and 2b was confirmed also from
the electrospray ionization mass spectrometry (ESIMS). Slow
diffusion of Et2O to a CH2Cl2 solution of 1b and DB24C8 leads
to growth of the crystals of 2b. X-ray analysis of 2b revealed the
pseudo[2]rotaxane structure; NH2 and CH2 groups of the axis
molecule show the presence of Nþ–H���O and C–H���O hydrogen
bonds (H1–O4, 2.36 Å and H13–O6, 2.35 Å) (Figure 1). Close
contact is observed between an aromatic ring of DB24C8 and
the axis (C24–C1, 3.92(2) Å).11 Precise ratios between 1a (or
1b) and 2a (or 2b) in CDCl3 were not determined due to the
low solubility of 1a (or 1b), although the solutions in CD3CN
contain equilibrated mixtures of these compounds in a 36/64
(or 43/57) ratio at 20 �C. A cross metathesis reaction of an axis
molecule 1a and 3,5-dimethylphenyl acrylate using Ru catalyst9

in the presence of DB24C8 gives [2]rotaxane 3, which is isolated
in 72% yield (Scheme 3).12,13 The trans configuration of the
C=C double bond was determined from the 1HNMR spectrum,
which shows a large coupling constant of vinylene hydrogens
(J ¼ 15Hz). High trans selectivity in the cross metathesis reac-
tions of terminal olefins with ethyl acrylate was reported.14 A
similar reaction using ferrocenyl acrylate15 gives [2]rotaxane 4
having two ferrocenyl groups as the stopper. A reaction using
1b and 3,5-dimethylphenyl acrylate did not form [2]rotaxane
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Scheme 1. End-capping method for synthesis of [2]rotaxane.
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Scheme 2. Formation of pseudorotaxane 2a and 2b in CD3CN.
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Figure 1. ORTEP drawing of cationic component of 2b.
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due to steric congestion around the vinyl group by DB24C8
of 2b.

The cyclic voltammogram of 3 in MeCN shows reversible
redox reaction at E1=2 ¼ 0:47V (vs Agþ/Ag, scan rate ¼
0:1V s�1). The electrochemical oxidation and reduction of 3
are reversible in the range of scan rates 0.01–0.25V s�1. The
redox potential is the same as that of 1a (E1=2 ¼ 0:47V,
scan rate ¼ 0:1V s�1). This result indicates that DB24C8 in 3
interacts more strongly with the ammonium group of the axis
molecule than that of neutral [2]rotaxane composed of a ferro-
cene-containing axis molecule and DB24C8.5

In summary, we have demonstrated that cross metathesis
reaction can be an efficient method for the preparation of
[2]rotaxanes. Studies of reactions to obtain higher order rotax-
anes are in progress.
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Scheme 3. Syntheses of [2]rotaxanes via cross metathesis.
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