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New inclusion complexes and [2]catenanes were self-assembled from a fluorescent diazapyrenium based
ligand, a PdII or PtII complex, and cyclic or acyclic electron rich aromatic guests in aqueous and organic
media. The molecular rectangles display a π-deficient cavity suitable to incorporate π-donor aromatic
systems. The inclusion complexes between the metallocycles and phenylenic (2a,b) and naphthalenic
(3a,b–5a,b) derivatives were studied by NMR, UV-vis and fluorescence spectroscopy. The crystal structure
of (3b) ⊂ 1a·6PF6 confirmed the insertion of the guest into the cavity of the metallocycle. Following the
same self-assembly strategy, the use of polyethers 6,7 as π-donors resulted in the self-assembly of the
[2]catenanes 1a(6,7)·6PF6. Single-crystal X-ray analysis of 1a(7)·6PF6 revealed the [2]catenane structure
being stabilized by π-stacking and [C–H⋯O] interactions.

Introduction

Interlocked molecules represent an important group of molecular
devices, as potential control over intramolecular motion exerted
by external stimuli can be achieved.1 Among those supramole-
cules, catenanes, defined as structures composed of two or more
interlocked macrocycles, have remained a synthetic challenge for
a long time. However, the development of template strategies
based on noncovalent interactions promoted and facilitated the
preparation of such supramolecules, with many examples of [2]-
catenanes being synthesized via π-donor/π-acceptor complexes,2

hydrogen bond interactions,3 anion templation4 or metal com-
plexation.5 In this context, metal-directed self-assembly has
proven to be a powerful tool in order to build a great number of
2D and 3D supramolecular structures, including catenanes.6

Over the last few years, our research group has developed
a self-assembly strategy based on π-deficient N-monoalkyl-4,4′-
bipyridium or N-monoalkyl-2,7-diazapyrenium salts and
palladium(II) or platinum(II) complexes. Coordination bonds, π–π
stacking interactions, and hydrophobic forces play an important

role in the assembly of inclusion complexes, [2] and
[3]catenanes, and molecular knots based on these ligands.7

Continuing our systematic investigations into PdII/PtII-directed
self-assembly of supramolecular architectures based on N-mono-
alkyl-2,7-diazapyrenium units, in this paper we report the syn-
thesis of [2]catenanes and inclusion complexes assembled from
dinuclear metallocycles 1a,b. As previously described, these
rectangular receptors are able to bind a series of polycyclic aro-
matic hydrocarbons such as pyrene or triphenylene by insertion
of the substrate into the suitable hydrophobic π-deficient cavity
of the metallocycle.8 Thus, the formation of catenanes and
inclusion complexes from acyclic or cyclic electron rich aromatic
substrates and metallocycles 1a,b was projected.

Results and discussion

Inclusion of aromatic guests

The complexation process of the PdII-based metallocycle 1a
with a series of aromatic guests (2a,b–5a,b, Fig. 1) was studied
by NMR. Addition of 1 equiv. of the corresponding guest to a
2.5 mM solution of 1a·6NO3 in D2O produced clear changes in
the 1H NMR spectra. On the one hand, protons of the guest
(e.g., 2b: ΔδHq = −1.35 ppm; 5a: ΔδHq = −2.09 ppm, ΔδHr =
−2.70 ppm, ΔδHs = −2.41 ppm) and protons located on the
central part of the phenylene–diazapyrene system of the host
(Hc, Hd, Hh, and Hj) are shifted upfield as a consequence of
their mutual shielding. On the other hand, hydrogen nuclei of
the pyridine ring are shifted to higher frequencies upon com-
plexation, suggesting the occurrence of [C–H⋯π] interactions
with the guest in solution (Table 1). Nevertheless, this shifting to
higher frequencies is less important than those observed in pre-
vious examples of inclusion complexes of 1a with polycyclic

†Electronic supplementary information (ESI) available: 1H, 13C, and 2D
NMR spectra, ORTEP representations, titration protocols and binding
curves, and X-ray crystallographic files (CIF). CCDC 883118 and
883119. For ESI and crystallographic data in CIF or other electronic
format see DOI: 10.1039/c2dt31116j
‡Current address: Dip. di Scienze e Tecnologie Molecolari e Biomoleco-
lari (STEMBIO) Università di Palermo, Sezione di Chimica Farmaceu-
tica e Biologica Via Archirafi, 32 – 90123 Palermo (Italy)
§Current address: School of Chemistry, University of Edinburgh, The
King’s Buildings, West Mains Road, EH9 3JJ, Edinburgh (UK).

Departamento de Química Fundamental, Universidade da Coruña,
Campus da Zapateira, Rúa da Fraga 10, 15008 A Coruña, Spain.
E-mail: carlos.peinador@udc.es, jose.maria.quintela@udc.es;
Fax: +34 981 167065; Tel: +34 981 167000

11992 | Dalton Trans., 2012, 41, 11992–11998 This journal is © The Royal Society of Chemistry 2012

D
ow

nl
oa

de
d 

by
 K

ar
ol

in
sk

a 
In

st
itu

te
t U

ni
ve

rs
ity

 L
ib

ra
ry

 o
n 

27
 O

ct
ob

er
 2

01
2

Pu
bl

is
he

d 
on

 0
3 

Ju
ly

 2
01

2 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

2D
T

31
11

6J

View Online

http://dx.doi.org/10.1039/c2dt31116j
http://dx.doi.org/10.1039/c2dt31116j
www.rsc.org/dalton
http://dx.doi.org/10.1039/c2dt31116j


aromatic hydrocarbons,8b suggesting that in this system the
[C–H⋯π] interactions are less important due to the shorter length
of guests 2a,b–5a,b with respect to those.

In order to obtain further insight into the binding mode of
metallocycles 1a,b and the phenylenic/naphthalenic derivatives
2a,b–5a,b in organic and aqueous environments, UV-vis and flu-
orescence spectroscopies were used to study the complexation
processes between the PtII-based metallocycle 1b and substrates
2a and 3b. In nitromethane, the UV-vis spectra of the inclusion
complexes showed the presence of charge-transfer absorption
bands, which were used to determine the stoichiometry and
binding constants between 1b·6PF6 and 2a/3b using the dilution
method. Job’s plots showed the maximal complexation at a
0.5 molar fraction of host 1b·6PF6 and guests 2a or 3b. The
higher Ka value for 3b (Ka = 8477 ± 1253 M−1) in comparison
with 2a (Ka = 386 ± 21 M−1) can be attributed to the best fitting
of the naphthalene moiety inside the internal cavity of the host,
as well as the hydrogen bonding interactions between the poly-
ether chains of the host and metallocyclic protons. DOSY exper-
iments in D2O performed with the PdII-based metallocycle 1a
are in agreement with the relative binding affinities between the
host and the phenylenic/naphthalenic guests. In (4b) ⊂ 1a·6NO3

the signals of 4b show a similar diffusion coefficient to those of
1a, indicating a stronger binding than that observed in (2b) ⊂
1a·6NO3, where the signals of the hydroquinone derivative 2b
exhibit a significantly larger diffusion coefficient than those
belonging to the host (see ESI†).

X-ray diffraction analysis of red single crystals of inclusion
complex (3b) ⊂ 1a·6PF6, obtained by slow diffusion of diethyl
ether into a solution of 1a·6PF6 and 3b in nitromethane, revealed
the complex being stabilized by [C–H⋯O] hydrogen bonds
between α-CH diazapyrenium protons on the host and oxygen
atoms of the polyether chain of the guest (Fig. 2 and Table 2).
The interplanar distance between the naphthalene moiety and the

diazapyrene system is 3.30 Å, maximizing the π–π interactions
in the supramolecular species. The relative position of the guest
within the host cavity, placed in front of the diazapyrene moiety
and with a torsion angle of 39° between this system and the phe-
nylene ring, suggests this aromatic ring of the host not being
implicated in π–π interactions. The absence of [C–H⋯π] con-
tacts between aromatic protons of the guest and the pyridine
rings on the shorter side of the rectangle, observed in similar
systems,9 can be attributed to the larger side of the host
(14.86 Å) when compared with previously reported metallo-
cycles (11.07–10.45 Å).10 As expected, the Pd–N bond distances
ranged from 2.02 Å to 2.04 Å, while the N(Py)–Pd–N(Py) angle
is 89° close to the ideal square planar geometry.

In order to study the complexation process between 1b and
3b in H2O, we decided to take advantage of the fluore-
scent nature of 1b·6NO3. In H2O, the PtII metallocycle shows
two intense structured absorption bands corresponding to elec-
tronic transitions to the first and second ππ* excited states (see
ESI†), as is typical for diazapyrenium-containing ligands
and metallocycles.9a,12 Upon irradiation at λexc = 326 nm
in H2O, it displays a fluorescence band at room temperature
(λmax = 439 nm). Addition of aliquots of 3b in water resulted
in a significant quenching of the above-mentioned band, as an
expected result of the π-donor–π-acceptor interactions upon
complexation.12

As shown in Fig. 3, the data resulting from the corresponding
titration experiment using 1b·6NO3 as a fluorophore and 3b as a
quencher were perfectly adjusted to a 1 : 1 binding isotherm13

(Ka = 4.4 × 105 ± 1.8 × 104), being well adjusted as well to a
linear model in the Stern–Volmer plot (Ksv = 1.55 × 105 ± 2 ×
103 M−1, see ESI† for further details). The similarity between
Ka and Ksv, being on the same order of magnitude, suggests that
the quenching mechanism is predominantly static and therefore
linked to the complexation event.

Fig. 1 PdII and PtII self-assembled macrocyclic hosts, aromatic guests and crown ethers used in this work.

This journal is © The Royal Society of Chemistry 2012 Dalton Trans., 2012, 41, 11992–11998 | 11993
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Self-assembly of [2]catenanes

In principle, the formation of [2]catenanes with dioxoaryl cyclo-
phanes (6 and 7) should be favored by (a) π–π interactions
between N-monoalkyl-2,7-diazapyrenium systems and dioxoaryl
rings and (b) hydrogen bonds between hydrogens of the ligandT
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Fig. 2 Crystal structure of (3b) ⊂ 1a·6PF6 showing [C–H⋯O] hydro-
gen bonds. [H⋯O] and [C⋯O] distances and [C–H⋯O] angles: a 2.64,
3.54 Å, 159°; a′ 2.29, 3.22 Å, 167°;11 b 2.78, 3.48 Å, 132°. Solvent
molecules, counterions and remaining hydrogen atoms are omitted for
clarity. Colour scheme: C, grey; O, red; N, blue; H, white; Pd, yellow.

Table 2 X-ray crystallographic experimental and refinement data for
(3b) ⊂ 1a·6PF6 and 1a(7)·6PF6

a

(3b) ⊂ 1a·6PF6 1a(7)·6PF6

Chemical formula C78H88F36N14O14P6Pd2 C192H216F72N28O36P12Pd4
Formula mass 2560.24 5657.17
Crystal system Triclinic Monoclinic
Space group P1̄ Cc
a/Å 12.1541(4) 30.8974(9)
b/Å 14.5559(5) 21.7294(6)
c/Å 17.0550(5) 20.8416(6)
α/° 81.470(2) 90
β/° 73.532(2) 118.4017(15)
γ/° 66.056(2) 90
V/Å3 2642.58(15) 12308.4(7)
Temperature/K 100(2) 100(2)
Z 1 2
Dcalc/Mg m−3 1.589 1.526
μ/mm−1 0.557 0.490
F(000) 1272 5728
θ limits 1.53 to 28.37° 2.33 to 28.38°
hkl limits −16, 16/−19, 19/−22, 22 −41, 41/−29, 29/−27, 27
No. of reflections
measured

69 366 81 414

No. of independent
reflections

13 029 29 395

Rint 0.0413 0.0423
R(I > 2σ(I)) R1 = 0.0774 R1 = 0.0909

wR2 = 0.2220 wR2 = 0.2375
R (all data) R1 = 0.0953 R1 = 0.1244

wR2 = 0.2395 wR2 = 0.2778
Goodness of fit on F2 0.882 1.050

a In common: refinement method, full-matrix least-squares on F2. Wavelength
0.71073 Å (Mo-Kα), temperature 100(2) K. Absorption correction method:
multi-scan.

11994 | Dalton Trans., 2012, 41, 11992–11998 This journal is © The Royal Society of Chemistry 2012
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and oxygen atoms from the cyclophanes, as has been observed
in similar systems.14

With those presumptions in mind, the self-assembly of [2]-
catenanes derived from metallocycle 1a was carried out in
CD3NO2. The addition of 1 equiv. of 6 to a 5 mM solution of
metallocycle 1a·6PF6 induced changes in the 1H NMR spectrum
compatible with the formation of the [2]catenane (Fig. 4). In the
[2]catenane, exchange between the “inside” and “alongside”
hydroquinol rings is fast, resulting in a broad average signal at
δ = 4.87 ppm. When an excess of cyclophane 6 is added a new
resonance at 6.72 ppm, corresponding to the aromatic protons of
free 6, was detected. Moreover, this signal at 6.72 ppm showed a
higher diffusion coefficient than that corresponding to the
signals of the catenane (i.e. the aromatic signals of 1a and the
methylene groups on the polyether chains of 6) in the DOSY
experiment. Conversely, exchange between the “inside” and
“alongside” diazapyrene systems is slow, resulting in two differ-
ent sets of signals for the diazapyrene moieties but also the

phenylene and pyridyl units (Fig. 4 and Table 1). The kinetic
lability of the Pd–N(Py) bond at room temperature allowed the
catenation process under thermodynamic control, all the species
being in equilibrium.

A careful inspection of the 1H, 13C and 2D NMR spectra of
catenane 1a(7)·6PF6 revealed similar characteristics to those of
the catenane with 6. Again the expected slow exchange between
DIAZin and DIAZout in the NMR timescale was observed. This
resulted in the presence of two sets of signals for the protons and
carbons of the phenylene and pyridine rings and ethylene-
diamine units of the metallocycle. However, only three resonances
(Ha, Hc and Hd) were identified in the 1H NMR spectrum for the
diazapyrenium moieties. These signals probably correspond to
DIAZout, being Hh, and the signals for the protons of DIAZin

broaden due to the interaction with the inside naphthalene unit
of the cyclophane, and the manifestation of different equilibria
related to possible different insertion modes of the naphthalene
moiety within the cavity. This resulted also in the aromatic
protons of 7 not being detected in the 1H NMR.

Nonetheless, single crystals of catenane 1a(7)·6PF6, suitable
for single crystal X-ray crystallography, were obtained by slow
diffusion of diethyl ether into a solution of ligand 1a·6PF6 and 7
in nitromethane (Table 2). As shown in Fig. 5, the solid state
structure displays the expected [2]catenane with the hexacationic
metallocycle, interlocked by one molecule of cyclophane
with a parallel π-stacking disposition of four aromatic systems.
The distance between the diazapyrene systems is ca. 7.2 Å, and
the interplanar separation between the inside diazapyrene and the
alongside naphthalene is ca. 3.3 Å. Additional stabilization is
achieved by hydrogen bonding between oxygen atoms of the
polyether chain and hydrogens of the diazapyrene moiety.
The N–Pd bond distances and the N(Py)–Pd–N(Py) angle
exhibit the usual values (2.00–2.04 Å and 89°, respectively). As
in the case of the inclusion complex (3b) ⊂ 1a, the phenylene
and diazapyrene systems are not coplanar, the dihedral angle
being 43°. As is typical in these kinds of systems, the structure is

Fig. 3 Fluorescence spectra (H2O, 293 K, λexc = 326 nm) of a solution
of 1b·6NO3 (1.0 × 10−6 M) after successive addition of aliquots of a sol-
ution of guest 3b (1.0 × 10−5 M) and host 1b·6NO3 (1.0 × 10−6 M).
Inset: emission intensity at λmax = 439 nm vs. concentration of 3b fitted
to a 1 : 1 isotherm.

Fig. 4 1H NMR (500 MHz, CD3NO2, 298 K) spectra of (a) metallo-
cycle 1a·6PF6; (b) catenane 1a(6)·6PF6; (c) cyclophane 6. Labels are
defined in Fig. 1. *Signals corresponding to excess of 6.

Fig. 5 Stick representation of the solid state structure of catenane 1a
(7)·6PF6 showing [C–H⋯O] hydrogen bonds. [H⋯O] and [C⋯O] dis-
tances and [C–H⋯O] angles: a 2.71, 3.40 Å, 130°; b 2.68, 3.61 Å,
167°; c 2.77, 3.52 Å, 135°; d 2.39, 3.28 Å, 156°; e 2.79, 3.59 Å, 143°.
Solvent molecules, counterions and remaining hydrogen atoms are
omitted for clarity. Colour scheme: C, grey; O, red; N, blue; H, white;
Pd, yellow.

This journal is © The Royal Society of Chemistry 2012 Dalton Trans., 2012, 41, 11992–11998 | 11995
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stabilized as well by means of [C–H⋯O] hydrogen bonds
between oxygen atoms of the polyether chains on the cyclophane
and hydrogens in the α position of the diazapyrene unit. Interest-
ingly, no [C–H⋯O] interactions are observed between the poly-
ether chains and the NH2 groups of the ethylenediamine units.
Instead, short contacts to the hydrogens in the γ position (less
acidic than those next to the N) were detected.

Conclusions

Based on the known tendency of the diazapyrenium-based
PdII/PtII metallocycles 1a,b to produce inclusion complexes
with electron rich aromatic substrates, we have investigated the
self-assembly of inclusion complexes and [2]catenanes derived
from those dinuclear rectangular-shaped coordination complexes.
The cavity of these metallocycles is suitable for the binding
of phenylenic and naphthalenic derivatives, with association
constants in good agreement with the nature of the guests and
the reaction media. The solid state structure of the inclusion
complex (3b) ⊂ 1a·6PF6 shows stabilizing interactions by means
of π-stacking between the naphthalenic core of the host and the
diazapyrenium moieties of the guest, as well as hydrogen
bonding between oxygen atoms on the aliphatic chains in 3 and
hydrogen atoms on the metallocycle. By using the same metal-
directed self-assembly strategy, dinuclear PdII [2]catenanes 1a
(6,7)·6PF6 were successfully synthesised and characterised by
means of NMR spectroscopy and single crystal X-ray crystallo-
graphy (for 1a(7)·6PF6).

Experimental section

General methods

Metallocycles 1a,b·6X (X = NO3, PF6),
8b,15 guests 2b,16 3b,17

4b18 and 5b,19 and cyclophanes 617 and 719 were prepared
according to literature procedures. All other reagents used were
commercial grade chemicals from freshly opened containers.
Milli-Q water was purified with a Millipore Gradient A10 appar-
atus. Proton and carbon nuclear magnetic resonance spectra were
recorded on a Bruker Avance 300 spectrometer or a Bruker
Avance 500 spectrometer equipped with a dual cryoprobe for 1H
and 13C, using the deuterated solvent as a lock and the residual
protiated solvent as an internal standard. DOSY experiments
were referenced using the value 1.92 × 10−9 m2 s−1 for the DHO
signal in D2O at 298 K20 and the value 1.97 × 10−9 m2 s−1 for
the CHD2NO2 signal in CD3NO2 at 298 K.21 UV-vis spectra
were recorded on a Jasco V-650 spectrometer. Fluorescence
spectra were recorded at room temperature on a Perkin Elmer
L550B fluorescence spectrometer, using a 290 nm cut-off filter
with a slit of 15 nm.

Crystal structure analysis

X-ray diffraction quality crystals were grown by slow diffusion
of diethyl ether into solutions of (3b) ⊂ 1a·6PF6 and 1a(7)·6PF6
in nitromethane. The X-ray diffraction data were collected on a
Bruker X8 APEXII. The structure was solved by direct methods
and refined with the full-matrix least-squares procedure

(SHELX-97)22 against F2 using the WinGX software.23 Hydro-
gen atoms were placed in idealized positions with Ueg(H) =
1.2Ueg(C) and were allowed to ride on their parent atoms. The
crystal lattice of the crystal of (3b) ⊂ 1a·6PF6 contains a void
filled with scattered electron density. Attempts to model this
density were unsuccessful, and therefore the SQUEEZE protocol
inside PLATON24 was used to remove the void electron density.
The analysis of the scattered density performed shows a void of
294.6 Å3 and 62 electrons, suggesting the presence of two dis-
ordered molecules of nitromethane (64 electrons). The crystallo-
graphic data for (3b) ⊂ 1a·6PF6 (CCDC 883118) and 1a(7)·6PF6
(CCDC 883119) have been deposited at the Cambridge
Crystallographic Data Centre.

General method for the inclusion of aromatic guests

To a solution of 1a·6NO3 (5.0 × 10−3 mmol) in D2O (2.0 mL)
the corresponding guest 2a,b–5a,b (5.0 × 10−3 mmol) was
added.

Inclusion complex (2a) ⊂ 1a·6NO3.
1H NMR (500 MHz,

D2O) δ: 10.00 (s, 4H), 9.48 (s, 4H), 8.83 (d, J = 6.8 Hz, 4H),
8.56 (d, J = 9.2 Hz, 4H), 8.38 (d, J = 9.2 Hz, 4H), 7.54 (d,
J = 6.8 Hz, 4H), 7.39 (d, J = 8.8 Hz, 4H), 7.36 (d, J = 8.8 Hz,
4H), 6.01 (s, 12H), 4.12 (s, 4H), 3.01 (s, 8H). 13C NMR
(125 MHz, D2O) δ: 155.18 (C), 150.88 (CH), 148.14 (CH),
142.77 (C), 141.19 (C), 138.08 (CH), 130.71 (CH), 129.85
(CH), 128.62 (C), 128.34 (C), 127.97 (CH), 127.32 (CH),
126.85 (C), 124.91 (C), 124.39 (CH), 46.86 (CH2), 46.77 (CH2),
39.93 (CH2).

Inclusion complex (2b) ⊂ 1a·6NO3.
1H NMR (500 MHz,

D2O) δ: 9.99 (s, 4H), 9.50 (s, 4H), 8.85 (d, J = 6.7 Hz, 4H),
8.60 (d, J = 9.2 Hz, 4H), 8.42 (d, J = 9.2 Hz, 4H), 7.61 (d,
J = 6.8 Hz, 4H), 7.50 (d, J = 8.8 Hz, 4H), 7.47 (d, J = 8.7 Hz,
4H), 5.65 (s, 4H), 4.19 (s, 4H), 3.78 (m, 4H), 3.58 (m, 4H), 3.44
(br, 4H), 3.29 (br, 4H), 3.02 (s, 8H). 13C NMR (125 MHz, D2O)
δ: 155.47 (C), 151.06 (CH), 150.96 (C), 148.24 (CH), 143.18
(C), 141.35 (C), 138.43 (CH), 130.82 (CH), 129.94 (CH),
128.58 (C), 128.20 (C), 128.16 (C), 127.48 (C), 126.75 (C),
124.66 (CH), 114.19 (CH), 71.88 (CH2), 68.68 (CH2), 66.99
(CH2), 60.40 (CH2), 46.92 (CH2), 46.81 (CH2), 39.87 (CH2).

Inclusion complex (3a) ⊂ 1a·6NO3.
1H NMR (500 MHz,

D2O) δ: 9.97 (s, 4H), 9.07 (s, 4H), 8.90 (d, J = 6.8 Hz, 4H),
8.43 (d, J = 9.2 Hz, 4H), 8.13 (d, J = 9.2 Hz, 4H), 7.63 (d,
J = 6.9 Hz, 4H), 7.43 (t, J = 12.8 Hz, 4H), 7.33 (d, J = 8.6 Hz,
4H), 5.59 (br, 2H), 5.37 (br, 4H), 4.18 (s, 4H), 3.01 (m, 8H).
13C NMR (125 MHz, D2O) δ: 155.87 (C), 150.97 (CH), 147.95
(CH), 143.12 (C), 140.52 (C), 136.97 (CH), 130.71 (CH),
129.46 (CH), 128.15 (C), 128.01 (C), 127.92 (CH), 127.39
(CH), 126.06 (C), 124.30 (CH), 111.31 (CH), 107.54 (CH),
46.89 (CH2), 46.78 (CH2), 39.96 (CH2).

Inclusion complex (3b) ⊂ 1a·6NO3.
1H NMR (500 MHz,

D2O) δ: 9.98 (br, 4H), 9.50 (br, 4H), 8.92 (d, J = 6.7 Hz, 4H),
8.48 (br, 4H), 7.67 (t, J = 9.8 Hz, 4H), 7.52 (d, J = 8.5 Hz, 4H),
7.44 (d, J = 8.6 Hz, 4H), 5.36 (br, 4H), 4.23 (s, 4H), 3.97–3.74
(br, 16H), 3.01 (m, 8H). 13C NMR (125 MHz, D2O) δ: 156.22
(C), 151.06 (CH), 148.03 (CH), 143.50 (C), 140.54 (C), 136.93
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(CH), 130.72 (CH), 129.62 (CH), 128.01 (C), 127.97 (C),
127.38 (CH), 125.87 (C), 124.53 (CH), 124.24 (C), 72.24
(CH2), 69.22 (CH2), 60.58 (CH2), 46.93 (CH2), 46.80 (CH2),
39.95 (CH2).

Inclusion complex (4a) ⊂ 1a·6NO3.
1H NMR (500 MHz,

D2O) δ: 10.00 (s, 4H), 9.09 (s, 4H), 8.85 (d, J = 6.9 Hz, 4H),
8.50 (d, J = 9.2 Hz, 4H), 8.17 (d, J = 9.2 Hz, 4H), 7.57 (d,
J = 6.9 Hz, 4H), 7.44 (d, J = 8.6 Hz, 4H), 7.32 (d, J = 8.7 Hz,
4H), 6.04 (br, 2H), 5.31 (br, 2H), 4.15 (s, 4H), 3.01 (s, 8H).
13C NMR (125 MHz, D2O) δ: 155.56 (C), 152.72 (C), 150.86
(CH), 148.05 (CH), 142.97 (C), 140.33 (C), 136.63 (CH),
130.75 (CH), 129.59 (CH), 128.15 (C), 128.00 (C),
127.92 (CH), 127.60 (CH), 127.32 (CH), 126.10 (C), 124.55
(C), 124.11 (CH), 113.57 (CH), 105.55 (CH), 46.87 (CH2),
46.77 (CH2), 39.92 (CH2).

Inclusion complex (4b) ⊂ 1a·6NO3.
1H NMR (500 MHz,

D2O) δ: 10.07 (s, 4H), 9.15 (s, 4H), 8.94 (d, J = 6.7 Hz, 4H),
8.54 (d, J = 9.2 Hz, 4H), 8.21 (d, J = 9.1 Hz, 4H), 7.67 (d,
J = 6.7 Hz, 4H), 7.47 (d, J = 8.5 Hz, 4H), 7.33 (d, J = 8.2 Hz,
4H), 4.19 (s, 4H), 4.00 (m, 4H), 3.85 (m, 4H), 3.56 (br, 4H),
3.39 (br, 4H), 3.02 (m, 8H). 13C NMR (125 MHz, D2O)
δ: 155.74 (C), 154.94 (C), 151.02 (CH), 148.23 (CH), 143.17 (C),
140.47 (C), 137.09 (CH), 130.84 (CH), 129.74 (CH),
128.12 (C), 128.08 (C), 127.98 (CH), 127.50 (CH), 126.89,
126.22 (C), 124.40 (C), 124.18 (CH), 113.94 (CH),
104.34 (CH), 72.24 (CH2), 68.86 (CH2), 66.16 (CH2),
60.74 (CH2), 46.94 (CH2), 46.82 (CH2), 39.85 (CH2).

Inclusion complex (5a) ⊂ 1a·6NO3.
1H NMR (500 MHz,

D2O) δ: 9.99 (s, 4H), 9.25 (br s, 4H), 8.83 (d, J = 6.5 Hz, 4H),
8.54 (d, J = 9.2 Hz, 4H), 8.27 (d, J = 8.6 Hz, 4H), 7.55 (d,
J = 6.6 Hz, 4H), 7.43 (d, J = 8.5 Hz, 4H), 7.36 (d, J = 8.3 Hz,
4H), 5.64 (d, J = 8.7 Hz, 2H), 4.84 (s, 2H), 4.48 (d, J = 7.2 Hz,
2H), 4.15 (s, 4H), 3.01 (m, 8H). 13C NMR (125 MHz, D2O)
δ: 155.35 (C), 150.86 (CH), 149.92 (C), 148.14 (CH), 142.90 (CH),
140.68 (C), 137.24 (CH), 130.73 (CH), 129.71 (CH), 128.26 (C),
127.98 (CH), 127.33 (CH), 125.59 (C), 125.31 (CH), 124.78 (C),
124.23 (CH), 116.27 (CH), 106.36 (CH), 46.86 (CH2),
46.75 (CH2), 39.92 (CH2).

Inclusion complex (5b) ⊂ 1a·6NO3.
1H NMR (500 MHz,

D2O) δ: 10.05 (br s, 4H), 9.41 (br, 4H), 8.88 (d, J = 6.1 Hz, 4H),
8.55 (br, 4H), 8.25 (br, 4H), 7.67 (d, J = 6.0 Hz, 4H), 7.51 (t,
J = 8.2 Hz, 4H), 7.43 (d, J = 8.6 Hz, 4H), 5.65 (d, J = 8.6 Hz,
2H), 5.53 (s, 2H), 4.20 (s, 4H), 4.07 (m, 4H), 3.91 (m, 4H), 3.76
(br, 4H), 3.48 (br, 2H), 3.23 (br, 4H), 3.01 (m, 8H). 13C NMR
(125 MHz, D2O) δ: 155.89 (C), 152.42 (C), 151.04 (CH),
148.25 (CH), 143.43 (C), 140.47 (C), 136.90 (CH), 130.83 (CH),
129.82 (CH), 128.10 (C), 127.98 (CH), 127.43 (CH), 126.24
(CH), 126.12 (C), 124.36 (CH), 116.05 (CH), 103.90 (CH),
72.28 (CH2), 69.10 (CH2), 66.14 (CH2), 60.84 (CH2), 46.92
(CH2), 46.78 (CH2), 39.90 (CH2).

General method for the self-assembly of catenanes

To a solution of 1a·6PF6 (0.010 mmol) in CD3NO2 (2.0 mL) the
corresponding cyclophane 6 or 7 (0.010 mmol) was added and
the mixture was stirred at 60 °C for 1 h.

Catenane 1a(6)·6PF6.
1H NMR (500 MHz, CD3NO2) δ:

9.98 (s, 2H), 9.81 (s, 2H), 9.73 (s, 2H), 9.04 (s, 2H), 8.98 (d,
J = 6.8 Hz, 2H), 8.85 (d, J = 6.8 Hz, 2H), 8.66 (d, J = 9.2 Hz,
2H), 8.41 (d, J = 9.1 Hz, 2H), 8.36 (d, J = 9.1 Hz, 2H), 8.29
(d, J = 9.1 Hz, 2H), 7.82 (d, J = 8.6 Hz, 2H), 7.61–7.58
(m, 4H), 7.56 (d, J = 8.8 Hz, 2H), 7.53 (d, J = 8.7 Hz, 2H), 7.52
(d, J = 8.5 Hz, 2H), 6.72 (br s, 4H), 4.99 (br s, 4H), 4.85 (br,
4H), 4.60 (s, 4H), 4.29 (s, 2H), 4.24 (s, 2H), 4.13 (m, 4H), 3.99
(m, 4H), 3.91 (m, 4H), 3.80 (m, 8H), 3.69 (m, 16H), 3.24 (m,
8H). 13C NMR (125 MHz, CD3NO2) δ: 157.17 (C), 156.98 (C),
153.49 (CH), 152.93 (CH), 151.57 (C), 150.36 (CH), 150.00 (CH),
145.28 (C), 144.65 (C), 143.32 (C), 143.00 (C), 140.57 (CH),
139.53 (CH), 132.79 (CH), 132.23 (CH), 131.72 (CH),
131.39 (CH), 130.38 (C), 129.99 (CH), 129.81 (C), 129.67 (C),
129.53 (CH), 129.30 (CH), 129.16 (C), 129.01 (CH), 128.46 (C),
127.72 (C), 126.96 (CH), 126.11 (C), 126.03 (CH), 125.18 (C),
116.44 (CH), 113.81 (CH), 71.63 (CH2), 71.58 (CH2), 71.39
(CH2), 70.81 (CH2), 70.34 (CH2), 69.34 (CH2), 68.07 (CH2),
49.32 (CH2), 49.08 (CH2), 48.86 (CH2), 48.72 (CH2),
41.32 (CH2), 41.23 (CH2).

Catenane 1a(7)·6PF6.
1H NMR (500 MHz, CD3NO2) δ: 9.84

(s, 2H), 9.07 (d, J = 6.7 Hz, 2H), 8.84 (d, J = 6.8 Hz, 2H), 8.57
(br d, J = 8.7 Hz, 2H), 8.19 (br d, J = 7.6 Hz, 2H), 7.79 (d,
J = 6.9 Hz, 2H), 7.74 (d, J = 8.6 Hz, 2H), 7.60 (m, 4H), 7.52 (d,
J = 8.5 Hz, 2H), 7.22 (d, J = 8.5 Hz, 2H), 4.58 (br s, 4H), 4.32
(s, 2H); 4.24 (s, 2H), 4.07–3.70 (m, 24H), 3.29–3.19 (m, 8H).
13C NMR (125 MHz, CD3NO2) δ: 157.88 (C), 157.48 (C),
153.11 (CH), 152.94 (CH), 150.08 (CH), 149.27 (CH),
145.03 (C), 144.86 (C), 142.61 (C), 142.24 (C), 138.06 (CH),
132.35 (CH), 132.13 (CH), 131.50 (C), 130.90 (C), 129.86 (C),
129.69 (C), 129.51 (CH), 129.23 (CH), 129.18 (C), 128.69 (CH),
127.79 (C), 126.57 (CH), 126.23 (C), 125.94 (CH), 125.84 (C),
124.33 (CH), 105.65 (CH), 72.19 (CH2), 72.07 (CH2),
71.88 (CH2), 70.89 (CH2), 69.38 (CH2), 49.21 (CH2),
49.02 (CH2), 48.81 (CH2), 41.62 (CH2), 41.21 (CH2).
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