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Template strategies and self-assembly have recently undergone
on explosive development, making possible the synthesis of many

fascinating and complex structures using only relatively simple
procedure3.By combining building blocks coming from various
families of molecules, the structure of the resulting multicom-
ponent systems can, in principle, be varied infinitely at will. Here,
we report a new strategy for catenane synthesikich enabled

us to obtain a 4-crossing [2]catenane quantitatively incorporating
two different metal centers: 4 Pd(ll) and 2 Cu(l).

e

Doubly interlocking catenanes are chiral, and have complex
topologies which have only been described recehtur

approach is to combine the two methods, based on coordination

chemistry, which are termed as “template” and “self-assembly”
strategies. In the template strategy which has been developed i
the course of the last 15 years, copper(l) complexes have bee
used as precursors, affording simple to topologically very complex
catenane&: On the other hand, the self-assembly process furnishes
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Figure 1. Prototypical interlocking molecules prepared by (a) template
and (b) self-assemblystrategies.

Scheme 1.General Strategy for the Preparation of Doubly
Interlocking [2]Catenanes
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Q = cup

® = (en)Pd(NO;),

in one chemical step sophisticated structures, including interlock-
ing rings, from very simple molecular fragments and under mild
conditions? The two prototypical molecules made using these
approaches are the copper(l) caterfaamed the four-palladium
interlocking ring systefof Figure 1. Several previous reports
deal with catenane formation for which the ring-forming reaction
is based on transition metal coordinatfor!

The first strategy we have used is summarized in Scheme 1.

A_igand (L) contains both phenanthroline and pyridine units in its
Structure. It was expected that phenanthroline units would

coordinate to Cu(l) and pyridine rings would interact with
Pd(ll), leading to the sequence of reactions indicated in Scheme
1. In fact, the hypothetical simple [2]catenane built around one
Cu(l) center only would be highly strained and thus very unstable.
It was anticipated that the doubly interlocking dimer-like structure
of Scheme 1 would be favored.

Indeed, following this route, the target catenadl&€" was
quantitatively obtained, first as nitrate salt and, after anion
exchange, as its hexafluorophosphate salt (Scheme 2). The
reaction of the pyridine-based ligand)((0.03 mmol) and
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Figure 3. *H NMR spectrum of catenan&?®".

Scheme 3Second Approach for the Preparation of Doubly
Interlocking [2]Catenanes via Preformed Ring Molecules

=

(@ =cu] ©

@
& =
Q 2,2-(bipy)Pd(NO),

data are clear evidence that the complex formed contains four
Pd(ll), two Cu(l), and four molecules df and that it cannot be

a simple [2]catenane!H NMR also strongly supported the
structure of31°": (i) the four ligands of3!°" are all equivalent;

(i) each ligand is disymmetric as evidenced by the presence of
the 14 individual signals in the aromatic region; and (iii) the two
protons of the Py8, group (see Figure 3) are diastereotopic.
Figure 2. A molecular modeling 08'%" optimized by MM2 force-field Furthermore, 2D'H NMR afforded the expected linkage con-
calculgtion vyith Cerius3.5 package program. For simplicity, only one nectivity of the ligand.

enantiomer is represented throughout the paper. The second approach is based on the catenation reaction from

. " . . reformed Pd(lIl)-linked components, thus taking advantage of
Cu(CHCN)4PF; (0.015 mmol) in acetonitrile (1 mL) immediately Fhe reversible rgaiure of the PdFéHN bond (Scheme ??). Bipy (2',-%

gave the catenane precurs@rt), To this mixture, an aqueous bipvridi ; : :
. . o pyridine) was selected as an ancillary palladium(ll) ligand
solution (1 mL) of (en)Pd(N§). (en= 1,2-diaminoethane, 0.03  jqteaq of en so as to avoid coordination of the Pd centers to the

mmol) was added, and the rearl]ctlodn ml;(tur_e W?S skt_|rred1kbat phenanthroline unit of, making the formation of square planar
room temperature to give the doubly Interlocking catenane compjexes very unlikely because of steric reasons. Whand
compound 8'°%). This quantitative catenane formation was (bipy)Pd(NQ), were mixed in CBCN:D,O (1:1), quantitative

monjitored by NMR experiment Whe’? the reglction was carrigd formation of a monomer ring was obsen/é&ubsequent addition
out in a deuterated solvent. The reaction solution was poured into ¢ CU(CHCN),* led to the formation of a doubly interlocking

aqueous KP#0.6 mmol, 5 mL) to give a red-brown precipitate, catenane, which is analogous3¥*, with bipy on each Pd(11}

which was filtered and dried. With this simple method, catenane 1,4 tormation of the same ;
: ) o . product by the two different routes
10+
31" was isolated in aimost quantitative yield assRait (92%). confirms that it is a strict self-assembled unit. This reaction was

It was fully characterized by elemental analysis and various ;oo P S iy i ; .
. quantitative within the mixing time. As expected, bipy units
Spectroscc:jolgzjlcélizmethods (1D- and 2D-NMR, and ESI-MS) as 46 5| equivalent, but each of them is disymmetric in good
Iscussed later. accordance with the expected structure. This procedure shows

This remarkable assembly process leads in a surprisingly y,e notentiality of reversible ring-closing and -opening processes
efficient fashion to a 10-component architecture ('six metals and o ¢onstrycting interlocking rings, analgous to previous work.
four ligands). Catenan®'®" consists of two doubly interlocked '
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