
      

C
om

m
unication

w
w

w
.rsc.org/chem

com
m

C
H

EM
CO

M
M

A [2]catenane quantitatively assembled via copper(I) and palladium(II)
coordination
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A [2]catenane consisting of 41-membered interlocking rings
is formed quantitatively, following a two metal based [Cu(I)
and Pd(II)] strategy; the compound is obtained as the
thermodynamic product.

Catenanes are experiencing a spectacular revival in relation to
topology as well as switches, machines and motors at the
molecular level.1–4 Copper(I) has been extensively used as
templating metal centre, allowing the preparation of simple to
complex interlocking or knotted topologies.5 The use of
coordination bonds to construct interlocking rings has been
recently proposed.6,7 It is especially attractive when the metal-
to-ligand bond is labile and the catenane is obtained as the
thermodynamically most stable product, thus leading to quanti-
tative yields of the desired species. In this respect, palladium(II)
has turned out to be particularly well adapted.6

By combining copper(I) and palladium(II) in the same
assembly, it has been possible to make a doubly-interlocking
molecule, i.e. a 4-crossing [2]catenane.8 This unexpected
structure was obtained because the organic ligand used was too
short to afford a ring incorporating a single palladium(II)
atom.

We would now like to report that, by utilising a sufficiently
large bridging ligand, quantitative formation of a [2]catenane
was observed. The strategy is depicted in Scheme 1.

According to CPK models, ligand 1 is perfectly adapted to
the strategy of Scheme 1. 1 is relatively rigid, and, in particular,
the distance between the two oxygen atoms of 1 is more or less
fixed and does not depend on rotation about C–C bonds (O…O
~ 16 Å). After coordination of enPd2+ (en = 1,2-diamino-
ethane) two interlocking 41-membered rings are obtained. The
size of the palladium(II) containing cycles is such that the final
[2]catenane should not be strained, even if one considers that
solubilizing groups (C6H13) have been attached at the back of
the phen units.

The real reactions are represented in Fig. 1. Ligand 1 was
obtained by a double Ullmann coupling reaction9 between
4,7-di-n-hexyl-2,9-bis[4-(4-hydroxyphenyl)phenyl]-1,10-
phenanthroline10 and 4-(4-bromophenyl)pyridine.11 The latter
reaction was performed in refluxing toluene in the presence of
Cs2CO3 and excess Cu(CH3CN)4·PF6 over 3 days. After
demetallation of the crude reaction mixture with KCN and
purification by chromatography over silica gel, 1 was obtained
in 10% yield as a pale yellow glass. It could be fully
characterized by 1H NMR and mass spectroscopy.

The reaction of 1 (0.010 mmol) and Cu(CH3CN)4·PF6 (0.005
mmol) in MeCN–DMF (1+1) solution (1 ml), immediately
afforded 2, which is the precursor to catenane 3. To this
solution, enPd(NO3)2 (0.010 mmol) was added and the reaction
was stirred for 1 h at rt. In solution, 3 was obtained
quantitatively. It was isolated in 85% yield as a red micro-

Scheme 1 Ligand 1 can be regarded as an open lozenge. The 1,10-phenan-
throline (phen) site reacts with copper(I) to afford an entwined complex.
Cyclisation is carried out by completing the two interlocking lozenges, the
‘clipping’ metal being palladium(II).

Fig. 1 Quantitative formation of catenane 3 in two steps from 1, by
successive addition of Cu(I) and Pd(II).
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crystalline solid by addition of diethyl ether. 2 and 3 are formed
as thermodynamic products since copper(I) complexes and,
especially palladium(II) compounds are substitutionally labile.

The formation of 2 and 3 as single products was confirmed by
both 1H NMR and CSI-MS (Cold Electro Spray Ionization Mass
Spectroscopy).12 The 1H NMR spectrum of 2 in CD3CN–DMF-
d7 solution showed the expected signals for the aromatic
protons, in accordance with the symmetric structure of 2, except
for the protons borne by the two pyridine nuclei which are
probably too broad to lead to clear signals. CSI-MS of 2 in
MeCN–DMF solution showed a prominent peak at m/z 2046,
[M-(PF6)]+.

The 1H NMR spectrum of 3 in CD3CN–DMF-d7 is also in
agreement with its structure. The chemical shifts of the peaks
are slightly different from those of 2. Not surprisingly, the
pyridinic protons a to the Pd(II)-coordinated N atoms appear at
low field (d = 9.67). CSI-MS of 3 in CH3CN–DMF solution at
20 mM concentration showed predominant peaks for
[M-(PF6)-(NO3)n](n + 1)+·(dmf)m: e.g. m/z 548, [M-(PF6)-
(NO3)4]5+·(dmf)5; 646, [M-(PF6)-(NO3)3]4+·(dmf)2; 834, [M-
(PF6)-(NO3)2]3+. Interestingly, 3 is obtained quantitatively,
regardless of the concentration of 2 and enPd(NO3)2. This is in
contrast with other previous examples for which catenane
dissociation to simple rings was observed at low concentra-
tion.13 In MeCN–DMF, 3 does not dissociate over the
concentration range investigated (0.005 to 20 mM). This
particularly high stability suggests that no dissociation takes
place during the MS measurements. It is probably due to the
excellent fit of the ligand to coordination of Pd(II) and especially
to the appropriate length of the 4 sides of the constitutive
‘lozenges’ of 3.

The results presented in this work together with those
discussed in reference 8 (synthesis of a 4-crossing [2]catenane)
highlight the utmost importance of the nature of the ligands used
in directed syntheses involving both copper(I) and palladium(II)

coordination. The balance between the structural parameters
(length, angles, flexibility, steric hindrance) of the ligands and
stereoelectronic requirements of both metals clearly appears
highly crucial and narrow, therefore dictating irrevocably the
very nature of the molecular assembly generated by means of
such methodology.
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