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Formation, Dynamic Behavior, and Chemical Transformation of Pt
Complexes with a Rotaxane-like Structure

Yuji Suzaki and Kohtaro Osakada*[a]

Introduction

Rotaxanes[1,2] have attracted much attention because of
their unique low-dimensional supramolecular structures,
high macrocycle mobility along their axis component, and
potential applications in molecular machines,[3] electronic
devices,[4] electrically conductive polymers,[5,6] and intelligent
drug-delivery systems.[7] Although rotaxanes composed of
organic axes and rotor components are common, rotaxanes
containing transition-metal complexes in their axis compo-
nent have also had a long history[8] and exhibit unique prop-
erties as described below. A [2]rotaxane containing [Ru(4,4’-
Me2bpy)2] (bpy=2,2’-bipyridine) as a terminal stopper of
the axis component functions as a molecular shuttle driven

by the photoexcitation of the Ru complex.[9] The electro-
chemical oxidation of aminomethylferrocenes in the pres-
ence of dibenzo[24]crown-8 (DB24C8) and a hydrogen-radi-
cal source leads to the formation of pseudorotaxanes that
contain ferrocene in their axis component.[10] A cyclic com-
ponent of the rotaxane with a ferrocene-containing axis
component undergoes shuttling along the axis induced by
oxidation and reduction of the ferrocene group.[8e, 11] Transi-
tion-metal-containing rotaxanes catalyze the epoxidation of
polybutadiene.[12,13] Pt complexes serve as binders of axis
molecules in forming a molecular necklace with a cyclic oli-
gorotaxane structure.[14]

Rotaxanes with a kinetically labile bond in their axis com-
ponent are expected to show dynamic behavior involving a
rapid and reversible cleavage and formation of that bond.
Takata and co-workers employed the activation of S�S
bonds, catalyzed by PhSH, in the preparation of [2]- and
[3]rotaxanes that contain an axis molecule with an S�S bond
and bulky stopper groups.[15] The reversible formation and
cleavage of the PtII�N bond enable the formation of a mac-
rocycle with Pt and of a rotaxane structure with a Pt-con-
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taining macrocyclic component through the clipping proce-
dure.[16] The introduction of a kinetically labile and thermo-
dynamically stable coordination bond to the axis component
could also lead to an efficient synthesis of a rotaxane with a
transition-metal center. Pd�O and Pt�O bonds of alkoxide
complexes tend to undergo facile activation.[17,18] Pt�O
bonds of carboxylate complexes are thermodynamically
more stable than those of alkoxide complexes,[19] which are
expected to show kinetic lability owing to the mismatch of
soft Pt or Pd and hard oxygen atoms or pp–dp repulsive in-
teractions between the atoms.[19,20]

In this paper, we report the preparation and chemical
properties of semirotaxanes[21,22] that contain platinum com-
plexes with carboxylate ligands that carry dialkylammonium
moieties and crown ethers as components.

Results and Discussion

Preparation of [2]Semirotaxanes with Axis Component
Containing a Carboxylate–Platinum(II) Bond

Carboxylic acids react with [Pt ACHTUNGTRENNUNG(CH2COMe)(Ph)ACHTUNGTRENNUNG(cod)] (1;
cod=1,5-cyclooctadiene) to form carboxylate–platinum
complexes.[23] This reaction is employed as the end-capping
reaction of pseudorotaxanes whose axis molecule has a car-
boxy group as the terminal group. The formation of a pseu-
dorotaxane from (4-tBuC6H4CH2NH2CH2C6H4COOH)+

ACHTUNGTRENNUNG(PF6)
� ((2-H)+

ACHTUNGTRENNUNG(PF6)
�) with DB24C8 has been briefly men-

tioned.[24] We prepared the [2]pseudorotaxanes {(DB24C8)-
ACHTUNGTRENNUNG(2-H)}+ ACHTUNGTRENNUNG(PF6)

� and {(DB24C8)ACHTUNGTRENNUNG(3-H)}+ ACHTUNGTRENNUNG(PF6)
� in CD3CN as

shown in Equation (1).
An equimolar reaction of 1 with (2-H)+

ACHTUNGTRENNUNG(PF6)
� in the pres-

ence of DB24C8 produces the [2]semirotaxane {(DB24C8)-
ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� (4 : [4-tBuC6H4CH2NHCH2C6H4COOPt(Ph)-
ACHTUNGTRENNUNG(cod)]), as shown in Equation (2). The 1H NMR spectrum of
the reaction mixture exhibits signals due to {(DB24C8)ACHTUNGTRENNUNG[4-
H]}+ ACHTUNGTRENNUNG(PF6)

� (70%), free DB24C8 (22%), and acetone gener-
ated by the reaction (75%) (yields by NMR spectroscopy
based on initial amount of 1). The analogous [2]semirotax-
ane {(DB24C8)ACHTUNGTRENNUNG[5-H]}+ ACHTUNGTRENNUNG(PF6)

� (5 : [ArCH2NHCH2C6H4COO-
ACHTUNGTRENNUNGPt(Ph) ACHTUNGTRENNUNG(cod)], Ar=9-anthryl) was obtained in 48 % yield (by

NMR spectroscopy) from a similar reaction with (3-H)+

ACHTUNGTRENNUNG(PF6)
�.

The formation of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
� and

{(DB24C8)ACHTUNGTRENNUNG[5-H]}+ ACHTUNGTRENNUNG(PF6)
� by the above reactions were con-

firmed with FABMS and 1H NMR spectra. Figure 1 shows
FABMS spectra that contain peaks due to {(DB24C8)ACHTUNGTRENNUNG[4-
H]}+ and {(DB24C8)ACHTUNGTRENNUNG[5-H]}+ at m/z=1125 and 1169, respec-
tively. The peaks observed at m/z=746 in Figure 1 a and
m/z=790 in Figure 1 b were assigned to {(DB24C8)ACHTUNGTRENNUNG(2-H)}+

and {(DB24C8)ACHTUNGTRENNUNG(3-H)}+ , respectively. These species may be
generated by the protonolysis of the Pt�O bond during mea-
surement.

Figure 2 a shows a 1H NMR spectrum of the reaction mix-
ture of 1, (2-H)+

ACHTUNGTRENNUNG(PF6)
�, and DB24C8 in a 1:1:1 molar ratio

(0.10m for each compound) in CDCl3. Signals of
{(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� and free DB24C8 were observed.
Signals due to {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� were assigned on
the basis of 1H-1H and 1H-13C{1H} COSY spectra. CH2 hy-
drogen signals of DB24C8, as the cyclic component in the
rotaxane (d=3.44, 3.73, 4.05 ppm), appear at lower frequen-
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cies than those of free DB24C8 (d=3.76, 3.86, 4.12 ppm).
Figure 2b shows a 1H NMR spectrum of [Pt(OCOC6H4Me-4)-
(Ph)ACHTUNGTRENNUNG(cod)] (6), prepared from the reaction of 4-methyl-
benzoic acid with 1, for comparison of the cod and phenyl
hydrogen signals. NCH2 hydrogen signals at 4.49 and
4.67 ppm show splitting due to coupling with two NH2 hy-
drogen nuclei,[25] and a broad NH2 hydrogen signal is ob-
served at 7.59 ppm. These signals are close to the corre-
sponding signals of the organic [2]pseudorotaxane
{(DB24C8)ACHTUNGTRENNUNG(2-H)}+ ACHTUNGTRENNUNG(PF6)

� in CD3CN (d=4.58 (NCH2), 4.81
(NCH2), 7.64 ppm (NH2)) and are at higher frequencies
than those of (2-H)+

ACHTUNGTRENNUNG(PF6)
� (d=4.22 (NCH2), 4.30 (NCH2),

7.14 ppm (NH2)). The downfield shifts of the NH2 and
NCH2 hydrogen signals of these rotaxanes are ascribed to
N�H···O and C�H···O interactions between the ammonium
group of the axis component and the oxygen atoms of
DB24C8.[25]

Figure 2 c and d show the signals of the CH2 hydrogen
nuclei of both DB24C8 in the [2]semirotaxane and free
DB24C8 and of CH3 hydrogen nuclei of the axis component,
respectively. Signals d, d’, e, e’, f, and f’ in Figure 2 c were as-
signed to the CH2 hydrogen nuclei shown in Equation (3).
The ratio of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� to DB24C8 was deter-
mined to be 75:25 at 20 8C from a comparison of the relative
peak areas of d and e’. Heating this solution to 50 8C
changed the ratio to 63:37, which became 72:28 upon cool-
ing the solution to 20 8C. These results indicate that an equi-
librium exists between {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� and a mix-
ture of DB24C8 and [4-H]+ ACHTUNGTRENNUNG(PF6)

�, as shown in Equa-
tion (3), and that the formation of the [2]semirotaxane is
more favorable at lower temperatures. This reversible for-
mation and degradation of the [2]semirotaxane does not in-

volve threading the 4-tBuC6H4 or [Pt(Ph)ACHTUNGTRENNUNG(cod)] groups at
the terminals of the axis component through the pore of
DB24C8, which is too small for that to happen.[26,27] The re-
versible dissociation and formation of the labile platinum–
carboxylate bond is responsible for the dynamic behavior of
the semirotaxane shown above. The solution should contain
[4-H]+ ACHTUNGTRENNUNG(PF6)

�, formed by the elimination of DB24C8 from
the semirotaxane, together with {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

�

and DB24C8. Figure 2 d shows 1H NMR signals at 1.24 ppm
due to the 4-tBu group of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� as well
as smaller signals at 1.25–1.33 ppm. Signals due to CH3 hy-
drogen nuclei also change in shape and intensity reversibly
depending on the temperature of the solution, thus indicat-
ing that the minor signals are due to [4-H]+ ACHTUNGTRENNUNG(PF6)

� and the
species equilibrating with {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

�.
Semirotaxanes containing the Pt–carboxylate complex in

the axis component exchange their macrocyclic component
upon the addition of crown ether to the solution. Mixing 1,
(2-H)+

ACHTUNGTRENNUNG(PF6)
�, and dicyclohexano[24]crown-8 (DC24C8) in a

1:1:1 molar ratio (0.10m for each compound) in CDCl3

Figure 2. a) 1H NMR spectrum of a solution of 1, (2-H)+
ACHTUNGTRENNUNG(PF6)

�, and
DB24C8 (0.10m each) in CDCl3. The peak with the asterisk is due to
[Pt(Ph)2ACHTUNGTRENNUNG(cod)] formed during the reaction. b) 1H NMR spectrum of 6 in
CDCl3. c) CH2 (DB24C8) and d) CH3 region of 1H NMR spectra of a so-
lution of 1, (2-H)+

ACHTUNGTRENNUNG(PF6)
�, and DB24C8 (0.050m each). The spectra were

obtained at 20 8C (green), after heating to 50 8C (pink), and after cooling
to 20 8C (black). For assignment of signals d, d’, e, e’, f, and f’, see Experi-
mental Section.

Figure 1. FABMS spectrum of a) {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
� and

b) {(DB24C8)ACHTUNGTRENNUNG[5-H]}+ ACHTUNGTRENNUNG(PF6)
�.
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forms {(DC24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
� in 47 % yield (by NMR

spectroscopy). Figure 3 a shows the CH3 and CH2 hydrogen
regions of the 1H NMR spectrum of {(DC24C8)ACHTUNGTRENNUNG[4-H]}+

ACHTUNGTRENNUNG(PF6)
�. The broad signal at 1.30 ppm was assigned to the C-

ACHTUNGTRENNUNG(CH3)3 hydrogen nuclei; it overlaps with the signal from [4-
H]+ ACHTUNGTRENNUNG(PF6)

�. Its higher frequency relative to that of
{(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� (d=1.24 ppm) is ascribed to a
magnetic anisotropic effect caused by the aromatic rings of
DB24C8 of the rotaxane. The addition of DB24C8 to the so-
lution ([DB24C8]/[Pt]=1:1) decreases the intensity of the
signal at 1.30 ppm and produces a peak at 1.24 ppm (Fig-
ure 3 b). The latter signal is assigned to {(DB24C8)ACHTUNGTRENNUNG[4-H]}+

ACHTUNGTRENNUNG(PF6)
� formed by the exchange of the macrocyclic compo-

nent of {(DC24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
� with DB24C8.

Figure 4 a and b show 1H NMR spectra of a solution of
{(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� and of the solution formed by the
addition of DC24C8 ([Pt]/ ACHTUNGTRENNUNG[DC24C8]/ ACHTUNGTRENNUNG[DB24C8]=1:1:1,
0.10m for each component) to the former, respectively. The
ratio of the peak areas of the signals of {(DC24C8)ACHTUNGTRENNUNG[4-H]}+

ACHTUNGTRENNUNG(PF6)
� and {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� in Figure 4 b is similar
to that in Figure 3 b, thus indicating that these semirotaxanes
attain the equilibrium shown in Equation (4) in the solution.

Further addition of DC24C8 to the solution increases the
amount of {(DC24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� relative to that of
{(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� (Figure 4 c and d).

A competitive reaction of a mixture of DB24C8 and
DC24C8 with dibenzylammonium cations was conducted to
compare the relative stabilities of the two rotaxanes. A
[2]pseudorotaxane formed from the reaction of
(PhCH2NH2CH2Ph)+

ACHTUNGTRENNUNG(PF6)
� ((7-H)+

ACHTUNGTRENNUNG(PF6)
�) and DB24C8

has been reported.[25] DC24C8 also forms a [2]pseudorotax-
ane with (7-H)+

ACHTUNGTRENNUNG(PF6)
� in CD3CN (40 mm for each com-

pound), yielding a mixture of {(DC24C8)ACHTUNGTRENNUNG(7-H)}+ ACHTUNGTRENNUNG(PF6)
� and

(7-H)+
ACHTUNGTRENNUNG(PF6)

� in a 1:2 ratio [Eq. (5)]. Addition of DB24C8
(1 equiv to DC24C8) to the solution yields a mixture con-

Figure 3. 1H NMR spectra (in CDCl3) of a) {(DC24C8) ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
� and

b) after addition of DB24C8 (1 equiv, 0.06 mmol).

Figure 4. 1H NMR spectra (CDCl3) of a) {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
� and

after the addition of b) 1 equiv (0.06 mmol), c) 3 equiv (0.18 mmol), and
d) 5 equiv (0.30 mmol) of DC24C8.
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taining (7-H)+
ACHTUNGTRENNUNG(PF6)

�, {(DC24C8)ACHTUNGTRENNUNG(7-H)}+ ACHTUNGTRENNUNG(PF6)
�, and

{(DB24C8)ACHTUNGTRENNUNG(7-H)}+ ACHTUNGTRENNUNG(PF6)
� in a 2:2:6 ratio. Further addition

of DB24C8 (3 equiv to DC24C8) changes the molar ratio to
0:3:97. A pseudorotaxane composed of a dialkylammonium
derivative with 4,4’-dibenzylbipyridinium and DB24C8 has
been reported to undergo exchange of the macrocyclic com-
ponent with the addition of DC24C8.[28]

Reactions of the Organoplatinum Rotaxane

The addition of 3,5-Me2C6H3COCl to a solution of
{(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� causes the acylation of the carbox-
ylate ligand of the axis component to afford an organic
[2]rotaxane that contains an unsymmetrical acid anhydride
in the axis component, {(DB24C8)ACHTUNGTRENNUNG(8-H)}+ ACHTUNGTRENNUNG(PF6)

� (8 : 4-
tBuC6H4CH2NHCH2C6H4COOCOC6H3Me2-3,5) [Eq. (6)].
The [2]rotaxane and [PtCl(Ph) ACHTUNGTRENNUNG(cod)] produced were isolated
in yields of 60 and 52 %, respectively. {(DB24C8)ACHTUNGTRENNUNG(8-H)}+

ACHTUNGTRENNUNG(PF6)
� was characterized by 1H NMR, 13C{1H} NMR,

NOESY, and IR spectroscopy and ESI MS. The peak in the
ESI MS spectrum at m/z=878.8 was assigned to the cationic
rotaxane {(DB24C8)ACHTUNGTRENNUNG(8-H)}+ . 1H NMR signals of NCH2 hy-
drogen nuclei in the axis of {(DB24C8)ACHTUNGTRENNUNG(8-H)}+ ACHTUNGTRENNUNG(PF6)

� were
observed at 4.53 and 4.82 ppm, which are at similar positions
to the corresponding signals of {(DB24C8)ACHTUNGTRENNUNG(2-H)}+ ACHTUNGTRENNUNG(PF6)

�

(d=4.58, 4.81 ppm). The IR C=O stretching
bands of {(DB24C8)ACHTUNGTRENNUNG(8-H)}+ ACHTUNGTRENNUNG(PF6)

� (1786
and 1723 cm�1, KBr disc) are at similar po-
sitions to those of 4-MeC6H4COOCO-
ACHTUNGTRENNUNGC6H3Me2-3,5 (1782 and 1713 cm�1, neat);
however, the peaks due to vibrations of the
NH2 group in {(DB24C8)ACHTUNGTRENNUNG(8-H)}+ ACHTUNGTRENNUNG(PF6)

� are
shifted to lower wavenumbers (3154 and
3067 cm�1) than those of (2-H)+

ACHTUNGTRENNUNG(PF6)
�

(3249 and 3225 cm�1), thus indicating the
N�H···O hydrogen bonds in the [2]rotax-
ane.

The addition of (py-H)+
ACHTUNGTRENNUNG(PF6)

� (py=pyri-
dine) to a solution of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+

ACHTUNGTRENNUNG(PF6)
� forms [Pt(Ph)(py)ACHTUNGTRENNUNG(cod)]+ ACHTUNGTRENNUNG(PF6)

� (9)

and {(DB24C8)ACHTUNGTRENNUNG(2-H)}+ ACHTUNGTRENNUNG(PF6)
� [Eq. (7)]. Complex 9 was pre-

pared independently by treating a solution of [PtI(Ph)ACHTUNGTRENNUNG(cod)]
in THF with AgPF6 in the presence of pyridine. The addi-
tion of bpy to a solution of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� yields
the pentacoordinated platinum(II) complex [Pt(Ph)ACHTUNGTRENNUNG(bpy)-
ACHTUNGTRENNUNG(cod)]+ ACHTUNGTRENNUNG(PF6)

� (10), DB24C8, and 2 immediately
[Eq. (8)].[29,30] The mechanism of this reaction will be dis-
cussed later.
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Reactions of Pt Complexes without the Semirotaxane
Structure

Complex 6 has a square-planar structure with phenyl, car-
boxylate, and cod ligands similar to the Pt-containing rotax-
anes prepared in this study. The chemical properties of 6
were compared with those of the Pt-containing rotaxanes.
Complex 6 reacts with equimolar quantities of 3,5-
Me2C6H3COCl to afford [PtCl(Ph) ACHTUNGTRENNUNG(cod)] (72%) and 4-
MeC6H4COOCOC6H3Me2-3,5 (87%) [Eq. (9)].[31] The cou-
pling of the carboxylate ligand with the acyl group yields a
carboxylic anhydride in a similar manner to the reaction of
the rotaxane [Eq. (6)]. The reaction of (py-H)+

ACHTUNGTRENNUNG(PF6)
� with

6 affords 9 and 4-methylbenzoic acid [Eq. (10)]. A similar
protonolysis of the Pt�O bond was observed in the reaction
of the rotaxane [Eq. (7)]. Although the Pt-containing rotax-
ane reacts with bpy to afford a cationic pentacoordinated Pt
complex [Eq. (8)], the reaction of bpy with 6 causes the dis-
placement of the cod ligand to yield [Pt(OCOC6H4Me-
4)(Ph)ACHTUNGTRENNUNG(bpy)] (11) [Eq. (11)]. Figure 5 depicts the molecular
structure of 11; the coordination around the Pt center,
which is bonded to both phenyl and carboxylate ligands
with cis geometry, is square planar.

To compare the reactivity of the carboxylate–platinum
complex and the Pt-containing rotaxane, the preparation of
the Pt complex with the secondary ammonium fragment in
the carboxylate ligand, that is, [4-H]+ ACHTUNGTRENNUNG(PF6)

�, was examined.
The reaction of 1 with (2-H)+

ACHTUNGTRENNUNG(PF6)
�, however, did not pro-

duce the carboxylate–Pt complex, but yielded a complicated
mixture of acetone (31%), 2 (24%), [Pt(Ph)2ACHTUNGTRENNUNG(cod)] (6%),
and benzene (<2 %). The reaction of (7-H)+

ACHTUNGTRENNUNG(PF6)
� with 6

causes the part protonation of the phenyl ligand, which is
accompanied by the formation of benzene (<27 %). These
results indicate that [4-H]+ ACHTUNGTRENNUNG(PF6)

� is unstable in solution
without DB24C8. The dissociation of the carboxylate ligand
with the dialkylammonium group from Pt induces the trans-
fer of a proton from the ammonium to the carboxylate
group to yield 2. DB24C8 in {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� pro-
tects the dialkylammonium group and prevents the transfer
of its proton to the carboxylate or phenyl ligand.[15d,32] As
the solution contains free DB24C8 and free axis molecules,
the ammonium groups are considered to be stabilized by an
intermolecular interaction rather than the formation of an
interlocked structure.

The 1H NMR spectrum of a mixture of DB24C8 and (12-
H)+

ACHTUNGTRENNUNG(PF6)
� (12 : 4-tBuC6H4CH2NHCH2C6H4tBu-4) in CD2Cl2

is shown in Figure 6 a. Peaks due to tBu, NCH2, and C6H4

Figure 6. 1H NMR spectra (CD2Cl2, RT) of a) a mixture of DB24C8 and
(12-H)+

ACHTUNGTRENNUNG(PF6)
�, b) (12-H)+

ACHTUNGTRENNUNG(PF6)
�, and c) DB24C8.

Figure 5. ORTEP drawing of 11 with 50% ellipsoidal plotting. H2O mole-
cules included in the crystal during crystallization and hydrogen atoms
are omitted for clarity.
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hydrogen nuclei (d=1.27, 4.17,
7.09, 7.26 ppm) are at lower
frequencies than those of (12-
H)+

ACHTUNGTRENNUNG(PF6)
� (d=1.33, 4.28, 7.35,

7.53 ppm) (Figure 6 b). The ar-
omatic hydrogen signals of the
mixture appear as multiplets,
whereas the corresponding
signal of DB24C8 in CD2Cl2

(Figure 6 c) is observed as a
broad signal. A broad signal
due to the NH2 hydrogen
nuclei (d=7.51 ppm) is ob-
served for the mixture at a
similar position to that of
{(DB24C8)ACHTUNGTRENNUNG(2-H)}+ ACHTUNGTRENNUNG(PF6)

� (d=
7.64 ppm in CD3CN) and is at
a higher frequency than that of
(2-H)+

ACHTUNGTRENNUNG(PF6)
� (d=7.14 ppm in

CD3CN). Because the forma-
tion of a rotaxane from
DB24C8 and (12-H)+

ACHTUNGTRENNUNG(PF6)
� is

not plausible owing to the
bulky tBu end groups of (12-
H)+

ACHTUNGTRENNUNG(PF6)
�, another type of

complex of these molecules is
suggested. The formation of a
complex of (12-H)+

ACHTUNGTRENNUNG(PF6)
� and

DB24C8 has been observed in
the gas phase.[26] A solution of
the mixture of these two com-
pounds in CDCl3/CD3CN
(3:1), however, did not show
NMR signals of their complex
owing to the high polarity of
the solvent. A possible structure of the complex, which ac-
counts for the results of the NMR spectroscopic experi-
ments, contains intermolecular N�H···O hydrogen bonds
and a p–p stacking of aromatic planes as shown in Equa-
tion (12).[33]

Scheme 1 summarizes the reactions of the Pt complex and
the Pt-containing semirotaxane with bpy. {(DB24C8)ACHTUNGTRENNUNG[4-H]}+

ACHTUNGTRENNUNG(PF6)
� partly dissociates in solution to yield a mixture of cat-

ionic phenylplatinum (A) and a pseudorotaxane (B) (a).
The coordination of bpy to the Pt center of A leads to the
pentacoordinated Pt complex 10 (b). The carboxylate li-
gands with and without complexation with DB24C8 (c) do
not react with the 18-electron Pt complex 10. The exchange
of the cod ligand of 6 with the addition of bpy (d) probably
involves the precoordination of a pyridine group to form a
pentacoordinated intermediate that extrudes the cod ligand.
The dissociation of the carboxylate ligand of 6 is more diffi-
cult than that of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

�, which has a posi-
tive charge on the ligand.

Conclusions

The [2]semirotaxanes prepared in this study contain a labile
Pt�O s bond and exhibit the chemical properties summar-
ized in Scheme 2. The [2]pseudorotaxane {(DB24C8)ACHTUNGTRENNUNG(2-H)}+

ACHTUNGTRENNUNG(PF6)
�, with a carboxylic acid group at one end of the axis

component, reacts with 1 to afford the semirotaxane
{(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

�, which contains a Pt�OCOR bond
in the axis component (a). The resulting semirotaxane is sta-

Scheme 1. Proposed mechanism of the reaction of the Pt-containing semirotaxane and complex with bpy.
a) Dissociation of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

�. b) Coordination of bpy to A. c) Dissociation of B. d) Displace-
ment of the cod ligand of 6 by bpy.
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bilized by the N�H···O and C�H···O bonds between the axis
and cyclic components. The addition of (py-H)+

ACHTUNGTRENNUNG(PF6)
� to a

solution of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
� causes a facile proto-

nolysis of the Pt�O bond to form the cationic complex 9
and {(DB24C8)ACHTUNGTRENNUNG(2-H)}+ ACHTUNGTRENNUNG(PF6)

� (b). The Pt�O bond in
{(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� undergoes reversible partial disso-
ciation and re-formation in solution. The carboxylate anion
formed by partial dissociation may exist as a face-to-face
complex with DB24C8. This reversible dissociation and the
formation of the Pt�O bond induces, with the addition of
DC24C8, an exchange of the macrocyclic molecules of the
rotaxane {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� (c). The high reactivity
of the carboxylate–platinum(II) bond of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+

ACHTUNGTRENNUNG(PF6)
� enables the transformation of the semirotaxane,

whereas the phenyl ligand bonded to the Pt center behaves
as the spectator. The replacement of the {PtPh ACHTUNGTRENNUNG(cod)} frag-
ment of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� with the aroyl group of
3,5-Me2C6H3COCl immobilizes the rotaxane structure,
whose axis component consists of only covalent bonds (d).
The coordination of bpy to the Pt center of {(DB24C8)ACHTUNGTRENNUNG[4-
H]}+ ACHTUNGTRENNUNG(PF6)

� induces the degradation of the semirotaxane to
yield the pentacoordinated platinum complex 10 (v). These
results are in contrast with those of the reaction of bpy with
6, which causes a simple displacement of cod with bpy and
forms a square-planar carboxylate–platinum complex. Thus,
the transition-metal-containing fragment in the semirotax-
ane exhibits chemical properties similar not only to those of
the discrete molecular transition-metal complexes but also

to those unique to the metal-
containing rotaxanes. A facile
transformation of thermody-
namically stable rotaxanes
caused by the activation of the
metal–ligand bond could lead
to a basic concept of smart
supramolecular systems in
future studies.

Experimental Section

General

NMR spectra (1H, 13C{1H}, 1H-1H
COSY, 13C{1H}-1H COSY, NOESY)
were recorded on Varian MERCU-
RY300, JEOL EX-400, and JEOL
GX-500 spectrometers. IR spectra
were recorded on a Shimadzu FT/IR-
8100 spectrometer. Elemental analyses
were carried out with a Yanaco MT-5
CHN autorecorder. FABMS was per-
formed with a JEOL JMS-700 instru-
ment (m-nitrobenzyl alcohol as
matrix). ESIMS was performed with a
ThermoQuest Finnigan LCQ Duo in-
strument.

1,[23] [Pt(X)(Ph)ACHTUNGTRENNUNG(cod)] (X=Cl, I,
Ph),[34] {(DB24C8)ACHTUNGTRENNUNG(2-H)}+ ACHTUNGTRENNUNG(PF6)

�,[24]

(ArCH2NH2CH2Ar)+
ACHTUNGTRENNUNG(PF6)

� ((7-H)+

ACHTUNGTRENNUNG(PF6)
�: Ar=Ph, (12-H)+

ACHTUNGTRENNUNG(PF6)
�: Ar=

4-tBuC6H4),[25, 26] and (py-H)+
ACHTUNGTRENNUNG(PF6)

�[35] were prepared according to the
methods in the literature. Other chemicals were commercially available.
Manipulation of the complexes was carried out under nitrogen or argon
with standard Schlenk techniques. Dried solvents were purchased from
Kanto Chemical Co., Inc. and used without further purification.

Syntheses

ACHTUNGTRENNUNG(2-H)+
ACHTUNGTRENNUNG(PF6)

�: This was prepared by the method in the literature.[22b,24, 36]

IR (KBr): nΡ=3249 (nN�H), 3225 (nN�H), 1705 (nC=O), 843 (nP�F), 559 cm�1

(nP�F); 1H NMR (300 MHz, CD3CN, RT): d=1.31 (s, 9 H, CH3), 4.22
(br s, 2 H, CH2), 4.30 (br s, 2 H, CH2), 7.14 (br s, 2 H, NH2), 7.39 (d, 2 H,
C6H4, JH,H=8.7 Hz), 7.50 (d, 2 H, C6H4, JH,H=8.7 Hz), 7.57 (d, 2H, C6H4,
JH,H=8.4 Hz), 8.05 ppm (d, 2 H, C6H4, JH,H=8.4 Hz); MS (ESI): m/z calcd
for C19H24NO2: 298.4 [M�PF6]

+ ; found: 298.3.

ACHTUNGTRENNUNG(3-H)+
ACHTUNGTRENNUNG(PF6)

�: This was prepared by the method in the literature.[22b,24, 36]

IR (KBr): nΡ=3654 (nN�H), 3582 (nN�H), 839 (nP�F), 559 cm�1 (nP�F);
1H NMR (300 MHz, CD3CN, RT): 4.56 (2H, NCH2), 5.28 (2 H, NCH2),
7.60 (m, 2H), 7.63 (d, 2H, JH,H=8.4 Hz), 7.68 (m, 6 H), 8.08 (d, 2 H,
JH,H=8.4 Hz), 8.16 (d, 2H, JH,H=8.4 Hz), 8.17 (d, 2 H, JH,H=8.7 Hz),
8.74 ppm (s, 1H); MS (ESI): m/z calcd for C23H20NO2: 342.1 [M�PF6]

+ ;
found: 342.0.

ACHTUNGTRENNUNG{(DB24C8)ACHTUNGTRENNUNG(2-H)}+ ACHTUNGTRENNUNG(PF6)
�: (2-H)+

ACHTUNGTRENNUNG(PF6)
� (19 mg, 0.043 mmol) and

DB24C8 (6.3 mg, 0.014 mmol) were placed in an NMR tube and CD3CN
(0.7 mL) was added to the mixture. 1H NMR spectroscopy showed the
formation of {(DB24C8)ACHTUNGTRENNUNG(2-H)}+ ACHTUNGTRENNUNG(PF6)

�. 1H NMR (300 MHz, CD3CN,
RT): d=1.23 (s, 9H, CH3), 3.55 (s, 8H, OCH2), 3.74 (t, 8H, OCH2, JH,H=

4.2 Hz), 4.01 (m, 8H, OCH2), 4.58 (m, 2H, NCH2), 4.81 (m, 2H, NCH2),
6.76–6.82 (8 H, C6H4-DB24C8), 7.26 (4H, C6H4), 7.41 (d, 2H, C6H4,
JH,H=8.1 Hz), 7.64 (br s, 2 H, NH2), 7.68 ppm (d, 2 H, C6H4, JH,H=

8.1 Hz); MS (ESI): m/z calcd for C43H56NO10: 746.4 [M�PF6]
+ ; found:

746.5.

ACHTUNGTRENNUNG{(DB24C8)ACHTUNGTRENNUNG(3-H)}+ ACHTUNGTRENNUNG(PF6)
�: (3-H)+

ACHTUNGTRENNUNG(PF6)
� (3.5 mg, 0.0072 mmol) and

DB24C8 (3.3 mg, 0.0074 mmol) were placed in an NMR tube and

Scheme 2. The reactions of platinum complexes with a semirotaxane structure.
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CD3CN (0.7 mL) was added to the mixture at room temperature. Al-
though a part of the axis molecule remained undissolved, 1H NMR spec-
troscopy showed the formation of {(DB24C8)ACHTUNGTRENNUNG(3-H)}+ ACHTUNGTRENNUNG(PF6)

�. 1H NMR
(300 MHz, CD3CN, RT): d=3.39 (m, 8 H, OCH2), 3.63–3.84 (m, 16H,
OCH2), 5.40 (m, 2 H, NCH2), 5.58 (m, 2H, NCH2), 6.32 (m, 8H, a or b),
6.60 (m, 8 H, a or b), 7.46 (dd, 2H, JH,H=7.8, 7.8 Hz, i or j), 7.58–7.64
(4H), 7.65 (br s, 2H, NH2), 7.86 (d, 2H, JH,H=8.4 Hz, l, h, or k), 7.98 (d,
2H, JH,H=8.4 Hz, l, h, or k), 8.18 (s, 1H, g), 8.46 ppm (d, 2H, JH,H=

8.4 Hz, m); MS (ESI): m/z calcd for C47H52NO10: 790.4 [M�PF6]
+ ; found:

790.5.

ACHTUNGTRENNUNG{(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
�: A suspension of (2-H)+

ACHTUNGTRENNUNG(PF6)
� (27 mg,

0.061 mmol) and DB24C8 (27 mg, 0.060 mmol) in CDCl3 (0.6 mL) was
stirred for 1 h at 0 8C. 1 (26 mg, 0.060 mmol) was added to the mixture,

which was stirred for a further 12 h. The temperature was gradually
raised to room temperature during the reaction. Most of the starting ma-
terials were dissolved in the solvent. The 1H NMR spectrum of the solu-
tion with 1,2-diphenylethane as an internal standard showed the exis-
tence of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� (0.042 mmol, 70%), free DB24C8
(0.013 mmol, 22%), acetone (0.045 mmol, 75 %), and [Pt(Ph)2 ACHTUNGTRENNUNG(cod)] (2×
10�3 mmol, 3%). A similar reaction with [(2-H)+

ACHTUNGTRENNUNG(PF6)
�]o= [DB24C8]o=

[[Pt ACHTUNGTRENNUNG(CH2COMe)(Ph)ACHTUNGTRENNUNG(cod)]]o=0.05m gave a homogeneous CDCl3 solu-
tion of the reaction products. The molar ratio [DB24C8]/ ACHTUNGTRENNUNG[{(DB24C8)ACHTUNGTRENNUNG[4-
H]}+ ACHTUNGTRENNUNG(PF6)

�] was determined by 1H NMR spectra obtained at 20 8C, 50 8C,
and after cooling to 20 8C. 1H NMR (400 MHz, CDCl3, RT): d=1.24 (s,
9H, CH3), 2.22–2.68 (8 H, CH2-cod), 3.44 (m, 8 H, e or f), 3.73 (m, 8H, e
or f), 4.05 (m, 8H, d), 4.49 (m, 2H, NCH2), 4.57 (br s, 2H, CH-cod (trans
to O)), 4.67 (m, 2 H, NCH2), 5.92 (br s, CH-cod (trans to C)), 6.70 (m,
4H, a or b), 6.79 (m, 4H, a or b), 6.98 (m, 1 H, p-Ph), 7.04 (m, 2 H, m-
Ph), 7.16 (d, 2H, JH,H=8.5 Hz, h or i), 7.20 (d, 2H, JH,H=8.5 Hz, h or i),
7.27* (d, 2H, l), 7.33 (d, 2H, o-Ph, JH,H=7.3 Hz), 7.59 (br s, 2 H, NH2),
7.75 ppm (d, 2H, m, JH,H=8.3 Hz) (peak with asterisk overlapped with
the signal of solvent (CHCl3)); 13C{1H} NMR (75.5 MHz, CDCl3, RT; se-
lected): d=31.0 (CH3), 34.4 (CACHTUNGTRENNUNG(CH3)3), 51.9 (NCH2), 52.2 (NCH2), 67.8
(d), 69.9 (e or f), 70.3 (e or f), 82.3 (br s, CH-cod (trans to O)), 112.3 (a
or b), 114.7 (CH-cod (trans to C)), 121.5 (a or b), 124.5 (p-Ph), 125.3 (h
or i), 127.3 (m-Ph), 128.2 (l), 128.7 (h or i), 133.5 (br s, o-Ph), 129.6 (n),
170.0 ppm (CO); MS (FAB): m/z calcd for C57H72NO10Pt: 1125
[M�PF6]

+ ; found: 1125.

ACHTUNGTRENNUNG{(DB24C8)ACHTUNGTRENNUNG[5-H]}+ ACHTUNGTRENNUNG(PF6)
�: A suspension of (3-H)+

ACHTUNGTRENNUNG(PF6)
� (20 mg,

0.041 mmol) and DB24C8 (18 mg, 0.040 mmol) in CDCl3 (0.6 mL) was
stirred for 1 h at 0 8C followed by the addition of 1 (17 mg, 0.040 mmol).
After another 12 h of stirring, a large part of the solids was dissolved in
CDCl3, although a small amount remained undissolved. The mixture was

warmed to room temperature during the reaction. The 1H NMR spec-
trum of the resulting mixture with 1,2-diphenylethane as an internal stan-
dard showed the existence of {(DB24C8)ACHTUNGTRENNUNG[5-H]}+ ACHTUNGTRENNUNG(PF6)

� (0.019 mmol,
48%), free DB24C8 (�0.018 mmol, �45%), acetone (0.020 mmol,
50%), and [Pt(Ph)2 ACHTUNGTRENNUNG(cod)] (�4× 10�4 mmol, �1 %). 1H NMR (300 MHz,
CDCl3, RT): d=2.30–2.72 (8H, CH2-cod), 3.35 (m, 8H, d, e, or f), 3.57–
3.77 (16H, d, e, or f), 4.56 (m, 2H, CH-cod, JPt,H=67 Hz), 5.33 (m, 2H,
NCH2), 5.48 (m, 2 H, NCH2), 5.93 (br s, 2 H, CH-cod), 6.26 (m, 4H, a or
b), 6.61 (m, 4H, a or b), 6.94–7.06 (3H, m-Ph, p-Ph), 7.26–7.36 (br s, o-
Ph), 7.39–7.46 (4 H, l, i or j), 7.58 (m, 2 H, i or j), 7.77 (br s, 2H, NH2),
7.79 (d, 2 H, JH,H=8.4 Hz, h or k), 7.92 (d, 2H, JH,H=8.4 Hz, h or k), 8.06
(s, 1H, g), 8.39 ppm (d, 2H, m, JH,H=8.7 Hz) (peaks without multiplici-
ties stated overlapped severely with other peaks); MS (FAB): m/z calcd
for C61H68NO10Pt: 1169 [M�PF6]

+ ; found: 1169. The low solubility of
[(DB24C8)ACHTUNGTRENNUNG(5-H)]+ ACHTUNGTRENNUNG[PF6]

� prevented 13C{1H} NMR measurements.

6 : 4-MeC6H4COOH (29 mg, 0.21 mmol) was added to a solution of 1
(87 mg, 0.20 mmol) in CHCl3 (4.0 mL). The reaction mixture was stirred
for 15 h at room temperature. Removal of the solvent under reduced
pressure gave a white solid whose 1H NMR spectrum (CDCl3, diphenyl-
methane as an internal standard) indicated the presence of 6 in quantita-
tive yield. Recrystallization of the crude product from CH2Cl2 and cold
Et2O afforded 6 as a white solid, which was washed with cold Et2O and
dried in vacuo (64 mg, 0.13 mmol, 65%). 1H NMR (300 MHz, CDCl3,
RT): d=2.28 (m, 4H, CH2), 2.31 (s, 3H, CH3), 2.62 (m, 4H, CH2), 4.54
(m, 2 H, CH, JPt,H=75 Hz), 5.96 (m, 2H, CH, JPt,H�26 Hz), 6.91 (m, 1H,
p-Ph), 7.05 (m, 2 H, m-Ph), 7.09 (d, 2 H, m’-C6H4, JH,H=8.1 Hz), 7.31 (m,
2H, o-Ph, JPt,H�20 Hz), 7.80 ppm (d, 2H, o’-C6H4, JH,H=8.1 Hz);
13C{1H} NMR (100 MHz, CDCl3, RT): d=21.5 (CH3), 27.7 (CH2), 31.9
(CH2), 81.7 (CH), 114.6 (CH, JPt,C=30 Hz), 124.7, 127.7 (JPt,C=61 Hz),
128.3, 129.6, 132.9, 133.4, 140.9, 143.3, 171.5 ppm (C=O); elemental anal-
ysis: calcd (%) for C22H24O2Pt: C 51.26, H 4.69; found: C 50.97, H 4.71.

ACHTUNGTRENNUNG{(DC24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
� and reaction with DB24C8: A suspension of (2-

H)+
ACHTUNGTRENNUNG(PF6)

� (27 mg, 0.061 mmol) and DC24C8 (28 mg, 0.061 mmol) in
CDCl3 (0.6 mL) was stirred for 1 h at 0 8C followed by the addition of 1
(26 mg, 0.060 mmol). After another 12 h of stirring, a large part of the
solids was dissolved in CDCl3, although a small amount remained undis-
solved. The mixture was warmed to room temperature during the reac-
tion. The 1H NMR spectrum of the resulting mixture with 1,2-diphenyl-
ethane as an internal standard showed the existence of {(DC24C8)ACHTUNGTRENNUNG[4-
H]}+ ACHTUNGTRENNUNG(PF6)

� (0.028 mmol, 47%), free DC24C8, acetone (<0.040 mmol,
<68%), and [Pt(Ph)2 ACHTUNGTRENNUNG(cod)] (�6 × 10�3 mmol, �3 %). DB24C8 (27 mg,
0.060 mmol) was then added to the mixture. The NMR tube was stored
at room temperature. After 4 h, the 1H NMR spectrum showed the pres-
ence of {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

� (0.021 mmol, 37%) and free DB24C8
(�0.033 mmol, �54 %). {(DC24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)

�: 1H NMR (300 MHz,
CDCl3, RT): 1.12–1.85 (20H, C6H10), 1.31 (s, 9 H, CH3), 2.30–2.45 (4H,
CH2-cod), 2.50–2.75 (4H, CH2-cod), 3.13–3.40 (br s, 8 H, OCH2), 3.40–
3.72 (16H, OCH2), 4.43–4.65 (6H, CH, NCH2), 5.91 (br s, 2H, CH), 6.80–
7.55 (11H, C6H4, Ph), 7.76 (br s, 2 H, NH2), 7.97 ppm (d, 2H, JH,H=

8.1 Hz, C6H4). Peaks without multiplicities stated overlapped severely
with other peaks.

Reaction of {(DB24 C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
� with DC24C8: A suspension of (2-

H)+
ACHTUNGTRENNUNG(PF6)

� (27 mg, 0.061 mmol) and DB24C8 (27 mg, 0.060 mmol) in
CDCl3 (0.6 mL) was stirred for 1 h at 0 8C followed by the addition of 1
(26 mg, 0.060 mmol). After another 12 h of stirring, a large part of the
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solids was dissolved in CDCl3, although a small amount remained undis-
solved. The mixture was warmed to room temperature during the reac-
tion. The 1H NMR spectrum of the resulting mixture with 1,2-diphenyl-
ethane as an internal standard showed the existence of {(DB24C8)ACHTUNGTRENNUNG[4-
H]}+ ACHTUNGTRENNUNG(PF6)

� (0.045 mmol, 75%) and free DB24C8 (0.016 mmol, 27%).
1H NMR spectra were also recorded after the addition of DB24C8
(28 mg, 0.061 mmol), DB24C8 (85 mg, 0.18 mmol), and DB24C8 (140 mg,
0.30 mmol).

ACHTUNGTRENNUNG{(DC24C8)ACHTUNGTRENNUNG(7-H)}+ ACHTUNGTRENNUNG(PF6)
� and {(DB24C8) ACHTUNGTRENNUNG(7-H)}+ ACHTUNGTRENNUNG(PF6): (7-H)+

ACHTUNGTRENNUNG(PF6)
�

(9.6 mg, 0.028 mmol) and DC24C8 (13 mg, 0.028 mmol) were placed in
an NMR tube and CD3CN (0.7 mL) was added to the mixture. 1H NMR
spectroscopy showed the formation of {(DC24C8)ACHTUNGTRENNUNG(7-H)}+ ACHTUNGTRENNUNG(PF6)

�. The
ratio of (7-H)+

ACHTUNGTRENNUNG(PF6)
� to {(DC24C8)ACHTUNGTRENNUNG(7-H)}+ ACHTUNGTRENNUNG(PF6)

� was determined as
66:34 from the ratio of the peak areas of the 1H NMR signals of the CH2

hydrogen nuclei of the axis molecules at room temperature. DB24C8
(13 mg, 0.028 mmol) was then added to the mixture, and the 1H NMR
spectrum of the solution showed the generation of {(DB24C8)ACHTUNGTRENNUNG(7-H)}+

ACHTUNGTRENNUNG(PF6)
�. The molar ratio (7-H)+

ACHTUNGTRENNUNG(PF6)
�/ ACHTUNGTRENNUNG{(DC24C8)ACHTUNGTRENNUNG(7-H)}+ ACHTUNGTRENNUNG(PF6)

�/
ACHTUNGTRENNUNG{(DB24C8)ACHTUNGTRENNUNG(7-H)}+ ACHTUNGTRENNUNG(PF6)

� was 2:2:6 at room temperature, which changed
to 0:3:97 by further addition of DB24C8 (38 mg, 0.085 mmol).
{(DC24C8)ACHTUNGTRENNUNG(7-H)}+ ACHTUNGTRENNUNG(PF6)

�: 1H NMR (300 MHz, CD3CN, RT): d=1.15–
1.78 (20H, C6H10), 3.25–3.33 (12 H, OCH2), 3.49–3.65* (12H, OCH2),
4.60 (m, 4 H, NCH2), 7.38–7.49* (6H, Ph), 7.59 (m, 4H, Ph), 7.86 ppm
(br s, 2 H, NH2). The peaks with asterisks overlapped significantly with
signals of free axis (7-H)+

ACHTUNGTRENNUNG(PF6)
�, those without multiplicities stated over-

lapped severely with other peaks.

ACHTUNGTRENNUNG{(DB24C8)ACHTUNGTRENNUNG(8-H)}+ ACHTUNGTRENNUNG(PF6)
�: A suspension of (2-H)+

ACHTUNGTRENNUNG(PF6)
� (27 mg,

0.061 mmol) and DB24C8 (27 mg, 0.060 mmol) in CH2Cl2 (0.6 mL) was
stirred for 1 h at 0 8C followed by the addition of 1 (26 mg, 0.060 mmol).

After further stirring for 12 h, most of the solid was dissolved in CH2Cl2,
although a small amount remained undissolved. The mixture was
warmed to room temperature during the reaction. 3,5-Me2C6H3COCl
(12 mg, 0.070 mmol) was added to the resulting mixture, which was stir-
red for a further 2 h at room temperature to give a suspension. The solids
were removed by filtration and the filtrate was purified by preparative
gel permeation chromatography (CHCl3) to give {(DB24C8)ACHTUNGTRENNUNG(8-H)}+

ACHTUNGTRENNUNG(PF6)
� (37 mg, 0.036 mmol, 60%), [PtCl(Ph)ACHTUNGTRENNUNG(cod)] (13 mg, 0.031 mmol,

52%), and DB24C8 (<7.0 mg,<0.016 mmol,<27 %). {(DB24C8)ACHTUNGTRENNUNG(8-H)}+

ACHTUNGTRENNUNG(PF6)
�: IR (KBr): nΡ=3154 (nN�H), 3067 (nN�H), 1786 (nC=O), 1723 (nC=O),

841 (nP�F), 558 cm�1 (nP�F); 1H NMR (300 MHz, CDCl3, RT): d=1.25 (s,
9H, CACHTUNGTRENNUNG(CH3)3), 2.40 (s, 6H, 3,5-(CH3)2C6H3), 3.52 (m, 8 H, e or f), 3.78 (m,
8H, e or f), 4.06 (m, 8H, d), 4.53 (m, 2 H, NCH2), 4.82 (m, 2H, NCH2),
6.70 (m, 4H, b) , 6.83 (m, 4 H, a), 7.21–7.29* (5H, h, i, r; overlapped se-
verely with other peaks), 7.44 (d, 2 H, JH,H=8 Hz, l), 7.69 (br s, 2H,
NH2), 7.72 (s, 2H, p), 7.83 ppm (d, 2H, JH,H=8 Hz, m) (peak with aster-
isk overlapped significantly with signal from solvent); 13C{1H} NMR
(75.5 MHz, CDCl3, RT): d=21.2 (3,5-(CH3)2C6H3), 31.2 (CACHTUNGTRENNUNG(CH3)3), 34.7
(CACHTUNGTRENNUNG(CH3)3), 51.9 (NCH2), 51.9 (NCH2), 67.8 (d), 69.9 (e or f), 70.3 (e or f),
112.5 (b), 121.8 (a), 125.8 (h or i), 128.3 (l), 128.4, 128.8 (h or i), 129.3,
129.7 (l), 130.4 (m), 136.5 (r), 138.2, 138.8, 147.2 (c), 152.8, 161.8 (C=O),
162.6 ppm (C=O). One signal for an ipso carbon nucleus was not found
probably due to overlapping with the other signal. These assignments
were supported by 1H-1H COSY, 1H-13C{1H} COSY, and NOESY spec-
troscopy in CDCl3. Geometrical contacts between the C6H4 and CH2

groups in DB24C8 and between the CH3 and o-C6H3 groups in 3,5-

Me2C6H3 were detected in the NOESY spectrum. MS (ESI): m/z calcd
for C52H64NO11: 878.4 [M�PF6]

+ ; found: 878.8.

Reaction of (py-H)+
ACHTUNGTRENNUNG(PF6)

� with {(DB24C8) ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
�: A suspension

of (2-H)+
ACHTUNGTRENNUNG(PF6)

� (27 mg, 0.061 mmol) and DB24C8 (27 mg, 0.060 mmol)
in CH2Cl2 (0.6 mL) was stirred for 1 h at 0 8C followed by the addition of
1 (26 mg, 0.060 mmol). After stirring for another 12 h, most of the solid
was dissolved in CH2Cl2, although a small amount remained undissolved.
The mixture was warmed to room temperature during the reaction. (py-
H)+

ACHTUNGTRENNUNG(PF6)
� (14 mg, 0.062 mmol) was added to the resulting mixture,

which was stirred for a further 1 h at room temperature followed by
evaporation of the solvent. 1H NMR spectroscopic analysis of the result-
ing solids with CDCl3 solvent and trichloroethylene as an internal stan-
dard showed the existence of 9 (0.047 mmol, 78%), {(DB24C8)ACHTUNGTRENNUNG(2-H)}+

ACHTUNGTRENNUNG(PF6)
� (0.044 mmol, 73%), and benzene (0.009 mmol, 15 %).

9 : AgPF6 (230 mg, 0.91 mmol) was added to a solution (30 mL) of
[PtI(Ph)ACHTUNGTRENNUNG(cod)] (409 mg, 0.81 mmol) and pyridine (65 mL, 0.80 mmol) in
THF to induce the separation of AgI. After 1 h at room temperature, the
insoluble AgI was removed by filtration, and subsequent addition of
Et2O (200 mL) to the filtrate caused separation of a white solid, which
was washed with Et2O and dried in vacuo to give 9 (400 mg, 0.66 mmol,
83%). 1H NMR (300 MHz, CDCl3, RT): d=2.48–2.90 (8 H, CH2), 5.15
(m, 2H, JPt,H=72 Hz, CH-cod (trans to N)), 5.57 (m, 2 H, JPt,H�30 Hz,
CH-cod (trans to C)), 6.89 (m, 1 H, p-Ph), 7.02 (m, 2H, m-Ph), 7.16 (m,
2H, JPt,H=41 Hz, o-Ph), 7.51 (m, 2 H, 3-py), 7.81 (m, 1H, 4-py), 8.68 ppm
(dd, 2H, 2-py, JH,H=6.6, 1.7 Hz, JPt,H=43 Hz); 13C{1H} NMR (100 MHz,
CD3CN, RT): d=28.9 (JPt,C=17 Hz, CH2), 31.9 (JPt,C=22 Hz, CH2), 97.5
(JPt,C=174 Hz, CH-cod (trans to N)), 116.9 (JPt,C=29 Hz, CH-cod (trans
to C)), 126.0 (p-Ph), 128.2 (3-py), 129.7 (JPt,C=51 Hz, m-Ph), 133.9 (o-
Ph), 141.4 (4-py), 144.4 (ipso-Ph), 151.0 ppm (2-py). These assignments
were supported by 1H-13C{1H} NMR spectroscopy. Elemental analysis:
calcd (%) for C19H22F6NPPt: C 37.76, H 3.67, N 2.32; found: C 37.52, H
3.66, N 2.22.

Reaction of bpy with {(DB24C8)ACHTUNGTRENNUNG[4-H]}+ ACHTUNGTRENNUNG(PF6)
�. A suspension of (2-H)+

ACHTUNGTRENNUNG(PF6)
� (27 mg, 0.060 mmol) and DB24C8 (27 mg, 0.060 mmol) in CDCl3

(0.6 mL) was stirred for 1 h at 0 8C followed by the addition of 1 (26 mg,
0.060 mmol). After another 12 h of stirring, a large part of the solids was
dissolved in CDCl3, although a small amount remained undissolved. The
mixture was warmed to room temperature during the reaction. Addition
of bpy (9.4 mg, 0.060 mmol) to the mixture caused the smooth separation
of white solids which were filtered and washed with CHCl3. Evaporation
of the filtrate gave DB24C8, which was analyzed by 1H NMR spectrosco-
py with CDCl3 solvent and 1,1,2,2-tetrachloroethane as an internal stan-
dard to show quantitative recovery. 1H NMR spectroscopic analysis of
the white solid in [D6]acetone with trichloroethylene as internal standard
showed formation of 10 (0.036 mmol, 60%). The white solid, which was
insoluble in [D6]acetone, was collected and analyzed by 1H NMR spec-
troscopy with [D4]MeOH as solvent to show the formation of 2 (13 mg,
0.044 mmol, 73%). 2 : 1H NMR (300 MHz, [D4]MeOH, RT): d=1.32 (s,
9H, CH3), 4.16 (s, 2 H, CH2), 4.19 (s, 2 H, CH2), 7.38–7.51 (6H, C6H4;
overlapped severely with other peaks), 7.98 ppm (d, 2H, JH,H=8.2 Hz,
C6H4).

Reaction of 3,5-Me2C6H3COCl with 6 : 3,5-Me2C6H3COCl (15 mg,
0.089 mmol) was added to a solution of 6 (45 mg, 0.087 mmol) in CH2Cl2

(5.0 mL), and resulting mixture was stirred for 4 h at room temperature
followed by evaporation of the solvent. The resulting white solids were
washed with hexane to give [PtCl(Ph)ACHTUNGTRENNUNG(cod)] (26 mg, 0.063 mmol, 72%).
The washings were analyzed by 1H NMR, 13C{1H} NMR, and IR spectros-
copy and GC–MS. The products contained 4-MeC6H4COOCOC6H3Me2-
3,5 (0.076 mmol, 87%), 4-MeC6H4COOCOC6H4Me-4 (trace), and 3,5-
Me2C6H3COOCOC6H3Me2-3,5 (trace). 4-MeC6H4COOCOC6H3Me2-3,5:
IR (neat): nΡ=1782 (nC=O), 1713 cm�1 (nC=O); 1H NMR (300 MHz, CDCl3,
RT): d=2.37 (m, 6 H, CH3C6H3), 2.44 (br s, 3 H, CH3C6H4), 7.27 (m, 1H,
p-C6H3), 7.30 (dd, 2 H, JH,H=8.4, 0.6 Hz, C6H4), 7.73 (m, 2 H, o-C6H3),
8.02 ppm (m, 2 H, C6H4); 13C{1H} NMR (75.5 MHz, CDCl3, RT): d=21.1
(CH3C6H3), 21.8 (CH3C6H4) 126.2, 128.2, 128.8, 129.6, 130.6, 136.2, 138.6,
145.5, 162.6 (CO), 162.9 ppm (CO); GC–MS: m/z calcd for C17H16O3:
268; found: 268.
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11: A solution of 6 (52 mg, 0.10 mmol) and bpy (16 mg, 0.10 mmol) in
CH2Cl2 (4.0 mL) was stirred for 40 h at room temperature followed by
the addition of hexane (20 mL) to precipitate yellow solids from the reac-
tion mixture. The solids were collected by filtration and washed with
hexane (2× 10 mL) and Et2O (5 mL). Further purification of the solids by
recrystallization from CH2Cl2/Et2O (2:15 v/v) gave 11 (29 mg,
0.051 mmol, 51%). 1H NMR (300 MHz, CDCl3, RT): d=2.34 (s, 3H,
CH3), 6.94 (m, 1H, p-Ph), 7.06 (m, 2H, m-Ph), 7.13 (d, 2H, JH,H=8.0 Hz,
C6H4), 7.52 (ddd, 1H, JH,H=5.2, 5.2, 3.3 Hz, 5’-H-bpy), 7.56 (m, 2 H, o-
Ph), 7.98–8.10 (5H, 3-H-bpy, 3’-H-bpy, 4-H-bpy, 4’-H-bpy, 5-H-bpy; over-
lapped severely with other peaks), 8.00 (d, 2H, JH,H=8.0 Hz, C6H4), 8.81–
8.83 ppm (2H, 6-H-bpy, 6’-H-bpy,); 13C{1H} NMR (100 MHz, CD2Cl2,
RT): d=21.6 (CH3), 122.8 (C3-bpy), 123.3 (C3’-bpy), 123.7 (p-Ph), 126.9
(m-Ph), 127.0 (C5-bpy), 127.5 (C5’-bpy), 128.5 (o-C6H4 or m-C6H4), 129.7
(o-C6H4 or m-C6H4), 133.3 (p-C6H4), 137.5 (ipso-Ph), 137.8 (C4-bpy),
138.9 (C4’-bpy), 140.9, 141.2, 147.9 (C6-bpy), 152.4 (C6’-bpy), 154.3,
157.5, 172.1 ppm (C=O); elemental analysis: calcd (%) for C24H22O3N2Pt
(12+H2O): C 49.57, H 3.81, N 4.82; found: C 49.60, H 3.50, N 4.75.

Reaction of 1 with (2-H)+
ACHTUNGTRENNUNG(PF6)

�: 1 (6.1 mg, 0.014 mmol), (2-H)+
ACHTUNGTRENNUNG(PF6)

�

(6.7 mg, 0.014 mmol), and CDCl3 (0.7 mL) were placed in an NMR tube,
which was stored at room temperature. 1H NMR spectra were recorded
occasionally with 1,1,2,2-tetracholoroethane as an internal standard and
showed that after 7 days, the solution contained acetone (<4.3×
10�3 mmol, <31%), [Pt(Ph)2 ACHTUNGTRENNUNG(cod)] (7.8× 10�4 mmol, 6 %), and benzene
(<3.3× 10�3, <2%). A white solid insoluble in CDCl3 was collected and
analyzed by 1H NMR spectroscopy with [D4]MeOH as solvent to show
the formation of 2 (1.0 mg, 0.0034 mmol, 24%).

Reaction of 6 with (7-H)+
ACHTUNGTRENNUNG(PF6)

�: 6 (7.2 mg, 0.014 mmol), (7-H)+
ACHTUNGTRENNUNG(PF6)

�

(4.8 mg, 0.014 mmol), and CDCl3 (0.7 mL) were placed in an NMR tube.
Part of the solids remained undissolved. The NMR tube was stored at
room temperature. 1H NMR spectra were recorded occasionally with tri-
chloroethylene as an internal standard and showed that after 10 days, the
solution contained benzene (<3.8× 10�3 mmol, <27 %).

Complexation of DB24C8 with (12-H)+
ACHTUNGTRENNUNG(PF6)

�: DB24C8 (5.4 mg,
0.012 mmol), (12-H)+

ACHTUNGTRENNUNG(PF6)
� (5.5 mg, 0.012 mmol), and CD2Cl2 (0.6 mL)

were placed in an NMR tube. Part of solids remained undissolved.
1H NMR spectroscopy showed the complexation of DB24C8 with (12-
H)+

ACHTUNGTRENNUNG(PF6)
�. 1H NMR (300 MHz, CD2Cl2, RT): d=1.27 (s, 18 H, CH3),

3.75 (s, 8H, OCH2), 3.82 (s, 8 H, OCH2), 4.07 (s, 8H, OCH2), 4.17 (s, 4 H,
NCH2), 6.84–6.94 (6H, C6H4-DB24C8; overlapped severely with other
peaks), 7.09 (d, 4 H, JH,H=8.2 Hz, C6H4), 7.26 (d, 4 H, JH,H=8.2 Hz,
C6H4), 7.51 ppm (br s, NH2). (12-H)+

ACHTUNGTRENNUNG(PF6)
�: 1H NMR (300 MHz, CD2Cl2,

RT): d=1.33 (s, 18 H, CH3), 4.28 (s, 4H, NCH2), 7.35 (d, 4H, JH,H=

8.5 Hz, C6H4), 7.53 ppm (d, 4H, JH,H=8.5 Hz, C6H4).

Crystal Structure Analysis

Crystals of 11 suitable for X-ray diffraction were obtained by recrystalli-
zation from CH2Cl2/hexane and mounted in glass capillary tubes. The
data was collected to a maximum 2q value of 55.08. A total of 720 oscilla-
tion images were collected. Data sweep was done using w scans from
�110.0 to 70.08 in 0.58 steps at c=45.08 and f=0.08. The detector swing
angle was �20.328. A second sweep was performed using w scans from
�110.0 to 70.08 in 0.58 step, at c=45.08 and f=90.08. The crystal-to-de-
tector distance was 45.06 mm. Readout was performed in the 0.070-mm
pixel mode. Calculations were carried out by using the program package
Crystal StructureTM for Windows.[37]

Crystal data of 11: C24H24N2O4Pt, Mr=599.55, monoclinic, space group
P21/n (No. 14), a=12.593(8), b=13.967(9), c=13.246(8) Å, b=
95.172(7)8, V=2320(3) Å3, Z=4, 1calcd=1.918 gcm�3, no. of unique reflec-
tions=5180 (I>3s(I)), R=0.057, Rw=0.089. CCDC-288879 contains the
supplementary crystallographic data for this paper. These data can be ob-
tained free of charge from the Cambridge Crystallographic Data Centre,
12 Union Road, Cambridge CB21EZ, UK or at www.ccdc.cam.ac.uk/data_
request/cif.

Acknowledgements

This work was supported by a Grant-in-Aid for Scientific Research
“Chemistry of Coordination Space (1703614)” from the Ministry of Edu-
cation, Culture, Sports, Science, and Technology, Japan and partially sup-
ported by The 21st Century COE Program “Creation of Molecular Di-
versity and Development of Functionalities”. Y.S. acknowledges the
scholarship by the Japan Society for the Promotion of Science. We are
grateful to Professor Munetaka Akita for ESIMS measurements.

[1] a) G. Schill, Catenanes, Rotaxanes, and Knots, Academic Press, New
York, 1971; b) Molecular Catenanes, Rotaxanes, and Knots (Eds.: J.-
P. Sauvage, C. Dietrich-Buchecker), Wiley-VCH, Weinheim, 1999.

[2] a) D. B. Amabilino, J. F. Stoddart, Chem. Rev. 1995, 95, 2725; b) A.
Harada, Coord. Chem. Rev. 1996, 148, 115; c) A. Harada, Carbo-
hydr. Polym. 1997, 34, 183; d) R. Jäger, F. Vögtle, Angew. Chem.
1997, 109, 966; Angew. Chem. Int. Ed. Engl. 1997, 36, 930; e) S. A.
Nepogodiev, J. F. Stoddart, Chem. Rev. 1998, 98, 1959; f) J.-C. Cham-
bron, J.-P. Sauvage, Chem. Eur. J. 1998, 4, 1362; g) T. J. Hubin, D. H.
Busch, Coord. Chem. Rev. 2000, 200–202, 5; h) T. Takata, N. Kihara,
Rev. Heteroato. Chem. 2000, 22, 197; i) C. A. Schalley, K. Beizai, F.
Vögtle, Acc. Chem. Res. 2001, 34, 465; j) K. Kim, Chem. Soc. Rev.
2002, 31, 96; k) J.-P. Collin, J.-P. Sauvage, Chem. Lett. 2005, 34, 742.

[3] a) V. Balzani, A. Credi, F. M. Raymo, J. F. Stoddart, Angew. Chem.
2000, 112, 3484; Angew. Chem. Int. Ed. 2000, 39, 3348; b) Molecular
Machines Special Issue (Ed.: P. F. Barbara), Acc. Chem. Res. 2001,
34, 409; c) Molecular Machines and Motors in Structure & Bonding,
Vol. 99 (Ed.: J.-P. Sauvage), Springer, Berlin, 2001; d) Molecular
Switches (Ed.: B. L. Feringa), Wiley-VCH, Weinheim, 2001; e) V.
Balzani, M. Venturi, A. Credi, Molecular Devices and Machines: A
Journey into the Nanoworld, Wiley-VCH, Weinheim, 2003 ; f) A. H.
Flood, R. J. A. Ramirez, W.-Q. Deng, R. P. Muller, W. A. God-
dard III, J. F. Stoddart, Aust. J. Chem. 2004, 57, 301.

[4] a) C. P. Collier, E. W. Wong, M. Belohradský, F. M. Raymo, J. F.
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