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Catenand exists in rapid equilibrium with monomer rirg)
(eq 1)! Elucidation of the mechanism of the rapid intercon-

version is essential to precise design and construction of related

self-assembling interlocked systefis.A conventional explana-
7\

NH,
N
7N

(1)

\—?
d/

NH,

N

H,
[

LN
N
/N
- 2
\ 7
N
Py
HoN” N

*(NO3)s

/
2

tion for the catenane formation involves dissociating a ring at
a Pd-N linkage, threading another ring on the thread, and
reconnecting the ends of the thread (Scheme 1la). Howeve
the results of the present study negated this simple mechanis

r

the rapid interconversion is explained in terms of ligand
exchange between PdN bonds? More strictly, our proposed
pathway leading to the catenane involtes sequential ligand
exchanges between two molecular rings concomitant with a
twisting of the rings around each othéecheme 1b).

The mechanistic elucidation initially follows from NMR
experiments. Rapid chemical exchange between thid, C
signals ofl and2 was clearly observed b\H NMR truncated
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Scheme 1Possible Mechanisms for the Rapid Slippage of
Two Molecular Rings: (a) Conventional Mechanism and (b)
Ligand Exchange Mechanism
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2 Note that these schemes present only the topology of the pathways.
Thus, the second ligand exchange in mechanism b may happen between
any Pd-N bonds.
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Figure 1. (a) 'H NMR spectrum of the mixture of and2 (59:41,

aromatic regions). Doublet signals &, and b are assigned asHy

(out) of 1, PyHg(in) of 1, and P¥; of 2, respectively. (b) TOE

difference spectra of the above mixture. Percentages shown below the
egative peaks appearing@6.95 and 7.1 indicate the proportion of
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and strongly supported an alternative. Here we suggest thantg aturation transfer from saturatedhG(in) o

driven nuclear Overhauser effect (TOE) difference spec-
troscopies (Figure . Thus, an equilibrium mixture of and
2 (59:41) at 10 mM/Pd(Il) in RO was used for the NMR study,
and the signal of the insidesB,4 of 1 (6 5.3) was irradiated
with initial pulse interval (PJ) times ranging from 0.5 to 25 s.
A negative differential signal appearing &t7.1 (Figure 1b)
provided reliable evidence for the chemical exchange or the
interconversion, which is so rapid as to be observed even on
an NMR time scale (RI= 0.5 s)®

In this experiment, we unexpectedly observed another nega-
tive peak appearing & 6.95, which showed the existence of a
chemical exchange between the inside and outsita Qroups.
This observation led us to ask, how did the inside phenylene
exchange with the outside one? That is to say, how Was
formed from1* (1* and 1** stand for 1 in which protons of
the inside and the outsidegs,; group(s) are magnetically
saturated, respectively)? A straightforward formation &f*
via internal rotation of one ring ift* around the inside unit of
another ring is inhibited because of the steric bulkiness of the
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(en)Pd moiety. Indeed, the inhibition of the internal rotation To undergo the ring slippage through ligand exchange, two

was confirmed using analogous platinum cater@fa which molecules o must self-associate before the event. The self-
inert P=N bonds do not dissociate at room temperafune: association was also implied by NMR. That is, the chemical
chemical exchange was observed between the inside and outsidshifts of signals oR gradually shifted upfield with increasing
phenylenes in3, even over a prolonged Pltime (30 s). concentration, while those df were intact. The upfield shift
Consecutive formation of** via 2* (1* — 2* — 1**, eq 2, is most probably ascribed to the self-associatio.8¥

where phenylene rings marked with asterisks are magnetically The following experiments also supported mechanism b.

saturated{?is another plausible pathway. However, a PI, time- When the catenane fomation fraerand fluorinated molecular
ring 46 was examined, we observed the assembly of im-
mediately scrambled catenanes (ed3)t catenanes are formed

O
GO OO

2.2 (=1)
Q = (en)Pd(ID), ’ \ = PyCHy{(C¢Hg)CH,Py, H*:a magnetically saturated proton

dependent measurement of the chemical exchange showed that + + + + etc.
2* and 1** must be formed not consecutively but simulta-

neously, because the ratioBf to 2* did not vary significantly
at an early stage, which can be treated as an unsteady state (P!I

< ~5 s, Figure 1bj}! O =P, 7N\ =PyCHyCH)CHPY, N =PyCHy(CeR)CHPy
These spectroscopic observations led us to concludeathat ) ] ) )
certain intermediate must exigtom which 2* and 1** are via mechanism a, this experiment should give only three

formed simultaneousi? To our best consideration, mechanism Catenaned, 2-4, and4-4. The immediate scrambling of two

b in Scheme 1 agrees very well with the NMR experiments. ligands suggested the existence of an intermediate analogous
That is, initially formed1* undergoes intramolecular ligand to A from which a molecular ring possessing both fluorinated
exchange to give intermediafe. A second ligand exchange and non-fluorinated ligands is formed. _ _

can then either lead back 16* or give two molecules of*.13 It is interesting that, in contrast to the rapid formation of
Although catenand and monomer ring are stabilized by catenanes fror and/or4, no interaction was observed between
enthalpy and entropy effects, respectivéyjeither makesA 4 and Stoddart’s polyether rirfy>® despite their high ability to
stable. Due to this thermodynamic disadvantage, the concentral ecognize electronically complementary aromatic rings: 4e.,

tion of intermediateA in the equilibration mixture is too low  recognizeg-dimethoxybenzerté (a partial structure o) with

to be detected in the NMR spectrum. a K, value of 2680 L mot?, while 5 strongly binds cationic
pyridinium systemg¢18 This result is in good accordance with
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