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Introduction

This work reports a detailed study of the self-assembly of
open ditopic and tetratopic cavitand complexes, with the
aim of providing reliable synthetic protocols for the forma-
tion of multitopic molecular receptors.

While the design and formation of self-assembled molecu-
lar containers, such as calixarene-based capsules[1] and cavi-
tand-based coordination cages,[2] have received much atten-
tion, the corresponding self-assembly of open multitopic re-
ceptors has been neglected so far. One reason is related to
the need for partially derivatized precursors, which are syn-
thetically more demanding than the corresponding fully de-
rivatized ones. Thus far, research activity has been focused
on the formation of covalently linked ditopic calixarene[3]

and cavitand[4] receptors, with the purposes of enlarging the
cavity space and achieving cooperativity in the bonding of
complementary guests. The typical approach requires two
calixarene or cavitand receptors connected in a face-to-face
manner through a linker molecule. In the case of a single
linker molecule, flexible structures are obtained, while inser-
tion of a second linker molecule leads to conformationally
fixed, clamshell-type structures (Figure 1).

Our approach to the self-assembly of multitopic cavitand
complexes is based on metal–ligand interactions. The major
advantages of using transition metals for self-assembly are:
1) the great directionality offered by metal–ligand coordina-
tive bonds relative to weak electrostatic and p–p-stacking
interactions or even hydrogen bonding; and 2) the possibili-
ty of fine-tuning the kinetic stability of coordinative bonds
by the appropriate choice of metal precursors and ligands.[5]

The final shape of the self-assembled entity is not only de-
fined by the coordination geometry of the metal-complex,
but also by the orientation of the ligand interaction sites.
The most common building blocks are decorated with nitro-
gen- and phosphorus-based ligands. Within this context, the
following steps have been devised for the preparation of di-
topic and tetratopic cavitand receptors: 1) the synthesis of
monofunctionalized cavitands bearing a pyridine ligand at
the upper rim, and 2) the exploration of the coordination
chemistry of these cavitand ligands to find synthetic proto-
cols leading to the formation of both thermodynamically
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and kinetically stable complexes presenting concave surfaces
of molecular dimensions.

Results and Discussion

Synthesis of monofunctionalized cavitand ligands : Four re-
lated cavitand ligands of general structure A and B were de-
signed and prepared. They have in common three methylene
bridges, which do not interfere with metal–ligand coordina-
tion. The fourth bridge has a pyridyl substituent in the case
of A and a larger 4-phenylpyridyl one in B, both in the de-
sired outward configuration. Two different alkyl chain sub-
stituents, positioned at the lower rim, were chosen to im-
prove the solubility of the ligands in apolar solvents (R:
C11H23) or to favor the formation of single crystals for X-ray
structure determination (R: C2H5).

The three methylene bridges were introduced in the resor-
cinarene building blocks by using dibromomethane as bridg-

ing reagent in a 2.2:1 molar ratio with respect to the
resorcinarene. Working with a stoichiometric defect of
CH2Br2 for short reaction times reduced the amount of un-
desired tetramethylene-bridged cavitand. The final bridging
reaction was performed by adding an excess of 4-(a,a’-di-
bromomethyl)pyridine or 4-(a,a’-dibromotolyl)pyridine to a
solution of partially bridged resorcinarenes 1 and 2 in DMA
in the presence of K2CO3 as base (Scheme 1).

The stereochemical outcome of the two reactions was dif-
ferent: the reaction with 4-(a,a’-dibromomethyl)pyridine led
to the formation of both “out” (i.e., outward configuration)
and “in” (i.e., inward configuration) isomers, 4 and 5, re-
spectively, in a 1:2 ratio (in the case of 3, the corresponding
“in” isomer was not purified). This behavior was in contrast
to the complete stereoselectivity toward the “out” isomer
observed in the case of the bridging reaction with benzal
bromide.[6] More recently, the absence of stereochemical
control has also been reported with a related pyridyl bridg-
ing group.[7] However, here, complete stereoselectivity
toward the “out” isomer was obtained by using 4-(a,a’-di-
bromotolyl)pyridine as a bridging reagent, which cannot be
easily accommodated within the cavity in the inward config-
uration (cavitands 6 and 7).

The self-assembly driven by metal coordination required
cavitands with the pyridine ligands in a diverging spatial ori-
entation with respect to the cavity. Therefore, only the
“out” isomers were useful for the purpose.

Figure 1. Cartoon representation of covalently linked ditopic receptors.
Above: flexible structures obtained by using a single linker molecule.
Below: conformationally fixed, clamshell-type structures resulting from
the insertion of a second linker molecule.

Scheme 1. Synthesis of monofunctionalized cavitand ligands 3–7.
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Self-assembly of ditopic complexes : Metal-connected ditopic
cavitands were obtained by following the typical cage self-
assembly protocol.[8] The exclusive formation of the desired
cis ditopic complex was assured by the presence of the bi-
dentate dppp ligand, which left only the cis positions accessi-
ble to ligand exchange. The procedure for self-assembly of
ditopic complexes is shown in Scheme 2: by mixing the cavi-
tand (either 4 or 6) with [Pt(dppp)(CF3SO3)2] (2:1 molar
ratio) at room temperature in solvents such as CHCl3 or
CH2Cl2, ditopic structures 8 and 9, respectively, were ob-
tained in quantitative yields.

In the case of 8, the self-assembly was monitored by
means of 1H NMR spectroscopy (see Supporting Informa-
tion): By adding [Pt(dppp)(OTf)2] (0.5 equivalents) to a so-
lution of cavitand 4 in CD2Cl2 (4:1 ratio), the only species
present in solution were the free cavitand and the ditopic
complex, with no evidence of partial-complexation products.
After the addition of more metal precursor (0.5 equivalents,
giving a 2:1 ligand/metal complex final ratio), only the di-
topic cavitand complex 8 was present in solution. Addition
of an excess of metal precursor left the self-assembled ditop-
ic structure unchanged. The first coordinated cavitand facili-

tates the ligand entrance of the second, driving the reaction
directly to the thermodynamically favored final product.
Further evidence of the formation of self-assembled ditopic
structures was obtained by means of electrospray ionization
mass spectrometry (ESI-MS), which, in most cases, recorded
prominent peaks at m/z= [M�X]+ and [M�2 X]2+ .

Crystals of 9 were grown by slow diffusion of absolute
ethanol (EtOH) into a solution of 9 in CH2Cl2. The X-ray
analysis clearly showed the presence of a dppp-chelated Pt
center connecting two cavitands by coordination of the phe-
nylpyridyl units in the cis position. The N-Pt-N bond angle
was 86.98, while the P-Pt-P angle was 91.18, indicating a
slight distortion of the square-planar geometry of the Pt
center (Figure 2). In the solid state, the complex assumed a
conformation with an approximate Cs symmetry. The two
cavitands, almost related by a symmetry plane, were mutual-
ly rotated in such a way as to form an angle of about 908 be-
tween the two pseudo-fourfold axes passing through the cav-
ities. The 19.3 � distance between the centroids of the cavi-
ties (defined as the barycenter of the four Ar-CH-Ar me-
thynic carbon atoms) evidenced the large dimensions of this
class of ditopic complex. Each of the two cavities was filled

with one ethanol molecule. In
addition, two triflate counter-
ions were located outside the
cavity, one of these weakly co-
ordinated to the metal by an
oxygen atom (O�M=4.0 �). In
the trans position to this triflate,
a water molecule completes the
very elongated octahedral ar-
rangement of the metal ion
(O�M= 4.0 �).

Formation of kinetically inert,
molecular ditopic complexes :
The self-assembly protocol pre-
sented above leads to cavitand
ditopic complexes with limited
kinetic stability, due to the con-
tinuous formation/dissociation
of these types of complexes in
solution.[9] Due to the high
trans effect of phosphine li-
gands, a different metal precur-
sor must be employed when
truly kinetically inert, ditopic
cavitand complexes are desired.
A possible solution relies on
the use of PtII complexes that
have ligands with a lower trans
effect.

Our starting choice for the
preparation of kinetically inert,
ditopic complexes was to use
the metal precursor cis-[Pt-
(CH3CN)2Cl2].[10] The proce-Scheme 2. Self-assembly of ditopic cavitands 8 and 9.
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dure followed is shown in Scheme 3. In this case, under the
reported conditions, both mono (10) and ditopic (11) com-
plexes were obtained. However, it should be noted that
starting with a metal precursor that has ligands with a low
trans effect, the reaction rate significantly decreases with re-
spect to the phosphine complexes. In fact, while the only
products obtained in quantitative yields at room tempera-
ture from [Pt(dppp)(OTf)2] were the ditopic complexes, the
exchange of the second CH3CN ligand in cis-[Pt-
(CH3CN)2Cl2] was quite slow, and even after heating at
80 8C for several days 20 % of the monotopic derivative was
still present. Both of the products, mono and ditopic com-
plexes, were kinetically inert and were purified by silica-gel
chromatography. 1H NMR spectra showed the typical low-
field shift of the pyridine hydrogen atoms indicative of coor-
dination to the Pt center; these shifts were higher for the di-
topic complexes than for the monotopic ones.

The stereochemistry of complexes 10 and 11 was deter-
mined by solving their crystal structures. Both complexes
have the cis–trans isomerization of the chlorine ligands, with
trans geometry formation of the cavitand ligands in the di-
topic derivative 11.

The crystal structure of 10 (Figure 3) shows that the
monotopic complex forms a supramolecular dimer in the
solid state, in which each methyl group of the residual aceto-
nitrile ligand is inserted into the electron-rich cavity of the
other cavitand complex. The crystal structure of trans-11
(Figure 4) clearly shows that the two cavitand units are in a
trans geometry. The two cavities are oriented in the opposite
directions with one molecule of ethanol included in each
cavity. The distance between the centroids of the cavities is
31.3 �, quantifying the large size of this trans ditopic com-
plex. An interesting feature of this crystal structure is the
accentuated bow conformation of the complex as shown in
Figure 4. This deviation from planarity reflects the flexibility
of the phenylpyridyl moiety of the cavitand ligand.

The stereochemistry of the products can be explained by
considering a cis-to-trans isomerization of the monofunc-
tionalized cavitand complex (Scheme 3), as in the majority

Figure 2. Crystal structure of ditopic cavitand complex 9.

Scheme 3. Synthesis of mono and ditopic, respectively, phenylpyridyl cav-
itand complexes trans-10 and trans-11, by using [Pt(CH3CN)2Cl2] as
metal precursor.

Figure 3. Crystal structure of monotopic cavitand complex trans-10.
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of reactions substitution at the
PtII atom appears to proceed
with retention of configuration.
This equilibrium is totally shift-
ed to the trans structure be-
cause no cis monotopic isomer
is detected. The formation of
dimeric species with mutual
host–guest interactions, as sug-
gested by the crystal structure,
could be crucial in the stabiliza-
tion of the trans isomer. Once
the complex has changed its ge-
ometry, the second cavitand
substitutes the remaining
CH3CN (in the trans position
with respect to the previous
one) quite slowly, as the pyridyl
ligand has a low trans effect.[11]

To exclude the possibility of
isomerization of the precursor
itself by warming,[10] and to test
if the cis–trans isomerization of
the monotopic complex was fa-
vored by the temperature con-
ditions of the reaction (80 8C),
the experiment was repeated at
room temperature. The same
two products were obtained,
with the only difference being
the ratio between monotopic
(10) and ditopic (11) complexes.
At room temperature the mon-
otopic product was obtained in

higher yield than the ditopic one; while at 80 8C the result
was completely reversed (see Experimental Section). There-
fore, either the cis–trans isomerization of the monotopic
complex is very fast and cannot be controlled under these
experimental conditions, or the presence of specific host–
guest interactions between acetonitrile PtII complexes and
cavitands can protect the axial positions at the metal center,
and the mechanism of substitution is no longer stereoreten-
tive.

To avoid the cis–trans isomerization process and still have
ditopic cavitand complexes that are kinetically inert, we re-
sorted to a different Pt metal precursor, namely, cis-[Pt-
(dmso)2Cl2], which is known to give exclusively cis supra-
molecular structures with pyridyl-substituted porphyrins.[12]

The cis-[Pt(dmso)2Cl2] complex was reacted with monophe-
nylpyridyl cavitand 6. The different reactivities of the two
DMSO ligands allowed the reaction, at room temperature
in CH2Cl2 for 4 h, to stop at the monosubstitution level. The
product was isolated in quantitative yield (Scheme 4).

Despite the mild reaction conditions, both the cis and
trans isomers were detected in solution by means of 1H
NMR spectroscopy. The spectrum showed two signals for
the DMSO molecule: at 3.52 and 3.47 ppm, belonging to the

Figure 4. Crystal structure of ditopic cavitand complex trans-11, obtained
by the [Pt(CH3CN)2Cl2] route.

Scheme 4. Synthesis of monotopic cis- and trans-12 and ditopic cis-13 and trans-11 phenylpyridyl cavitand com-
plexes, by using [Pt(dmso)2Cl2] as metal precursor. R=C2H5 for cis-13 and trans-11.
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cis and trans isomers, respectively.[13] The two isomers could
not be separated by using standard silica-gel chromatogra-
phy, therefore, we decided to proceed further in the com-
plexation experiment towards the generation of ditopic com-
plexes and isolate the two isomers at the final step. The cis/
trans ratio was estimated by integration of the two DMSO
peaks: a slight predominance of the cis isomer (1.2:1) was
observed.

X-ray quality crystals of trans-12 were obtained by dis-
solving the cis–trans mixture in CH2Cl2/EtOH (Figure 5).
The crystal structure clearly shows that the remaining

DMSO ligand is coordinated to the Pt atom by the sulphur
atom. Treatment of a cis/trans mixture of 12 with a second
equivalent of cavitand 6 in refluxing C2H2Cl4 resulted in the
formation of both cis-13 and trans-11 ditopic cavitand com-
plexes (Scheme 4). The two isomers were separated by
silica-gel column chromatography. The 13/11 ratio remained
the same as the starting cis/trans monotopic mixture ratio.

The attribution of the two isomers is based on the com-
parison of the spectral data of 13 with that of the trans-11
isomer obtained with [Pt(CH3CN)2Cl2], determined from its
crystal structure (Figure 4). 1H NMR spectra indicated par-
ticular diagnostic signal differences in the aromatic pattern
of the phenylpyridyl groups: d(PyHo)= 9.3 ppm and d-
(PyHm)= 7.70 ppm in 13, versus 8.98 and 7.54 ppm, respec-
tively, in 11. The absence of visible satellites arising from
the coupling with 195Pt [3J (195Pt, 1HPyHo)] is due to chemical
anisotropy relaxation, which makes them broad and less in-
tense in high-field NMR instruments.[14] The attribution of
13 was further confirmed by MALDI-TOF analyses of 13
and 11, in which the two complexes showed the same
[M+K]+ and [M+Na]+ molecular ions.

X-ray-quality crystals were obtained by slow diffusion of
absolute ethanol into a solution of 13 in CH2Cl2. Once
more, the crystal structure (trans-11-bis) evidences that the
two cavitand ligands are in a trans geometry in the complex
(Figure 6). This surprising and unexpected result is ex-

plained by the presence of a slow cis–trans equilibrium in
solution. Crystallization shifts the equilibrium towards the
formation of the less soluble trans-11 isomer. The 1H NMR
spectrum of the mother solution showed the presence of
both isomers.

The use of [Pt(dmso)2Cl2] in place of [Pt(CH3CN)2Cl2] al-
lowed the formation of the desired molecular ditopic com-
plex cis-13. However, this synthetic procedure is not yet
fully satisfactory because of the partial cis–trans isomeriza-
tion in solution.

Self-assembly of a fac-Re ditopic complex : At this point we
decided to change the coordinating metal, by changing to
[Re(CO)5Br] as metal precursor. [Re(CO)5Br] is one of the
few octahedral complexes that undergoes cis ligand ex-
change exclusively, due to the remarkable trans effect of car-
bonyl ligands. Typically, nitrogen ligands replace two equa-
torial cis-CO units of [Re(CO)5Br] to give neutral fac-
[Re(CO)3L2Br] complexes.[15]

Ditopic complex 14 was prepared by refluxing
[Re(CO)5Br] and cavitand 6 in a 1:2.1 molar ratio
(Scheme 5). A single product was isolated after purification
by column chromatography. The 1H NMR spectrum of this
product was highly symmetric, showing the typical down-
field shift of the pyridyl protons due to metal coordination.
The [M�Br]+ ion at m/z=1874 was detected as molecular
ion of complex 14 in the MALDI-TOF spectrum.

The stereochemistry of complex 14 was determined by
monitoring the characteristic IR band maxima in the CO
stretching region. The three-band pattern at 2029, 1928, and
1892 cm�1 was consistent with the facial arrangement of the
three CO units in the coordination sphere.[16] The 13C NMR
spectrum was also consistent with the formation of the fac-
14 isomer; the spectrum showed the presence of a resonance
at 191.9 ppm, typical of an axial CO unit.

Figure 5. Crystal structure of monotopic cavitand complex trans-12.

Figure 6. Crystal structure of ditopic complex trans-11, obtained by the
[Pt(dmso)2Cl2] route. The cis–trans equilibrium present in solution led to
the exclusive formation of the trans isomer in the solid state.
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Based on the above results, the best protocol for the gen-
eration of kinetically inert, ditopic receptors was found to
be this last one.

Self-assembly of tetratopic cavitand complexes : The forma-
tion of tetratopic cavitand complexes was a logical extension
of the self-assembly procedure used for the ditopic ones. As
a metal precursor, we selected a Pd complex in which all
four ligands could be displaced by monopyridyl cavitands.
[Pd(CH3CN)4(BF4)2] was chosen, because its four labile
CH3CN groups can be easily replaced by pyridine ligands.
The self-assembly process led to the quantitative formation
of tetratopic cavitand complexes 15 and 16, in which four
cavitands are coordinated to the same metal center
(Scheme 6). Both complexes were fully characterized by 1H
NMR spectroscopy and ESI-MS. They exhibited diagnostic
downfield shifts of the protons in the a and b positions of
the pyridine group upon coordination to Pd (see Supporting
Information).

Complexes 15 and 16 were stable only in their mother so-
lution. Removal of the solvent led to the formation of parti-
ally substituted complexes, in sharp contrast to the behavior
of the corresponding ditopic complexes 8 and 9. The insta-
bility of this class of tetratopic complex seems to be related
to the presence of four, unconnected pyridyl ligands on the
same metal,[11] and not to the bulkiness of the cavitand
moiety: 16 behaved in the same way as 15, despite the pres-
ence between the pyridyl and cavitand units of an aryl

Scheme 5. Self-assembly of fac-Re ditopic cavitand complex 14.

Scheme 6. Self-assembly of tetratopic cavitand complexes 15 and 16.
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spacer, which should reduce the steric congestion around
the metal center. Stable Pd-tetrapyridine supramolecular
complexes are known,[17] but only with chelating dipyridyl
units. The different behavior found here led us to conclude
that chelating ligands, such as dppp, are pivotal in providing
chemical stability to square-planar PtII and PdII complexes.
In this respect, a possible ligand for the metal precursor for
the formation of tetratopic cavitand complexes is 1,2,4,5-tet-
rakis(diphenylphosphino)benzene (tppb).[18] This tetraden-
tate chelating ligand can coordinate two metal ions, forming
two equivalent square-planar complexes connected by a
rigid phenyl spacer.

Metal precursors 19 and 20 were prepared by ligand ex-
change of cis-[Pt(CH3CN)2Cl2] and [Pd(CH3CN)2Cl2], re-
spectively, with tppb, followed by reaction with AgCF3SO3

to introduce labile counterions.[19] These new dinuclear com-
plexes were then tested in the self-assembly of tetratopic
cavitand complexes. The first structure was obtained by
mixing monopyridyl cavitand 3 and platinum complex 19 in
a 4:1 ratio (Scheme 7). The reaction proceeded smoothly to
give the desired complex 21 as the only product. The stabili-
ty of the complex, both in solution and in the solid state,
was excellent. The same protocol was applied to build the
larger palladium complex 22 : monophenylpyridyl cavitand 6
and palladium spacer 20 were used as building blocks.

Therefore, the ligand configuration at the metal centers,
with two phosphorus and two cavitand ligands, was the most
appropriate to build tetratopic cavitand complexes with suf-
ficient kinetic stability.

Conclusions

In this work two different approaches to the preparation of
ditopic cavitand complexes have been explored by using
monodentate cavitand ligands as building blocks:

1) Self-assembly of ditopic complexes 8 and 9. The desired
ditopic complexes were obtained in quantitative yields
by mixing the cavitand precursors with [Pt(dppp)(OTf)2]
in a 1:2 ratio, following the well-established, cage self-as-
sembly protocol.[8] The structural features of complex 9
were determined by means of X-ray crystallographic
analysis of its crystals. The desired cis arrangement of
the two cavitands was dictated by the chelating dppp
ligand.

2) Formation of kinetically inert, molecular ditopic cavitand
complexes by ligand-substitution reaction of appropriate
neutral complexes. In this case three different routes
were investigated: i) The use of cis-[Pt(CH3CN)2Cl2]

Scheme 7. Self-assembly of dinuclear tetratopic cavitand complexes 21 and 22.
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metal precursor led to the exclusive formation of mono
trans-10 and ditopic trans-11 cavitand complexes. A com-
plete cis-to-trans isomerization was observed after the
coordination of the first cavitand ligand. ii) The use of
cis-[Pt(dmso)2Cl2] metal precursor led to partial cis-to-
trans isomerization during the first ligand substitution. In
this case, stepwise ligand substitution was made possible
by the different reactivity of DMSO ligands. The desired
cis-13 ditopic complex was obtained, but it slowly iso-
merized to the corresponding trans-11 one in solution.
iii) The use of [Re(CO)5Br] metal precursor emerged as
the best choice. The trans effect exerted by the equatori-
al CO ligands in the complex led to the desired substitu-
tion pathway. In this case the kinetically inert, fac-14
complex with the cis arrangement of the two cavitand li-
gands was obtained as the single product.

As a result of this investigation, two different synthetic
protocols for the preparation of ditopic cavitand complexes
have been worked out. They have in common the exclusive
formation of the desired complexes in the correct cis geome-
try, necessary for cooperative binding of ditopic guests. With
these two procedures available, the next step will be to turn
the cavitands into effective ligand receptors by replacing the
three methylene bridges with appropriate moieties. The dif-
ferent kinetic stabilities of complexes 9 and 14 can be ex-
ploited under different working conditions: kinetically inert,
neutral Re complexes can be used for complexation studies
in solution, and the thermodynamic control over the forma-
tion of charged Pt complexes can be exploited in molecular
recognition at the solid–liquid and solid-gas interfaces,[20] at
which clean self-assembly on surfaces[21] is a necessary pre-
condition.

The extension of the self-assembly protocol from ditopic
complexes to tetratopic structures has been studied. Several
different final structures have been envisaged, and their for-
mation was tested in solution. The tetratopic mononuclear
cavitand complexes 15 and 16 formed quantitatively under
standard self-assembly conditions, but they were stable only
in their mother solution. The use of dinuclear metal precur-
sors 19 and 20 led to the self-assembly of tetratopic dinu-
clear cavitand complexes 21 and 22, which were stable both
in solution and in the solid state. The tppb ligands are there-
fore the spacers of choice for the generation of complex mo-
lecular architectures. The self-assembly behavior of mono-
dentate cavitand ligands with different metal complexes is
now fully predictable.

Experimental Section

General methods: All commercial reagents were ACS grade and used as
received. All solvents were dried over 3 and 4 � molecular sieves. 1H
NMR spectra were recorded on Bruker AC300 (300 MHz), Avance
(300 MHz), and AMX400 (400 MHz) spectrometers and all chemical
shifts (d) were reported in parts per million (ppm) relative to the proton
resonances resulting from incomplete deuteration of the NMR solvents.
13C NMR spectra were recorded on a Brucker Avance (75 MHz) spec-

trometer. Melting points were obtained with an electrothermal capillary
melting-point apparatus and were not corrected. Microanalyses were per-
formed by using the facilities at Parma University. Mass spectra of the or-
ganic compounds were measured with a Finnigan MAT SSQ 710 spec-
trometer, using the CI (chemical ionization) technique. Electrospray ioni-
zation mass spectrometry (ESI-MS) experiments were performed on a
Waters ZMD spectrometer equipped with an electrospray interface.
Matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF)
mass spectra were obtained on a PerSpective Biosystems Voyager DE-
RP spectrometer equipped with delayed extraction. Column chromatog-
raphy was performed by using silica gel 60 (Merck 70–230 mesh).

Resorcinarenes (R: C2H5; C11H23),[22] 4-(a,a’-dibromomethyl)pyridine,[8a]

4,4’-(a,a’-dibromo)tolylpyridine,[21b] cis-[Pt(dmso)2Cl2],[23] and 1,2,4,5-tet-
rakis(diphenylphosphino)benzene (tppb)[18] were prepared according to
literature procedures.

Ethyl-footed trimethylene-bridged resorcinarene (1): K2CO3 (5.53 g,
40 mmol) and CH2Br2 (0.77 mL, 11.0 mmol) were added, under nitrogen,
to a solution of resorcinarene (R: C2H5) (3.0 g, 5.0 mmol) in dry DMSO
(10 mL). The purple mixture was stirred in a sealed tube at 90 8C for 3 h.
The reaction was quenched by the addition of HClaq (10 %), and the re-
sulting mixture was extracted with CH2Cl2. The organic layer was washed
with water (3 � 15 mL), dried on Na2SO4, and evaporated. The crude
product was purified by column chromatography on silica gel by using
CH2Cl2/ethyl acetate (7:3 v/v) as eluant to give resorcinarene 1 as a pale
yellow solid (0.95 g, 1.15 mmol, 30 %). Rf =0.6; m.p. 260–265 8C; 1H
NMR (300 MHz, CDCl3): d=0.98 (m, 9H; CH3), 1.26 (t, 3J=7.1 Hz, 3 H;
CH3), 2.26 (m, 8H; CHCH2CH3), 4.22 (t, 3J =7.9 Hz, 1H; CHAr2), 4.37
(d, 2J=7.2 Hz, 1H; CHin), 4.48 (d, 2J =7.1 Hz, 2H; CHin), 4.60 (t, 3J =

8.2 Hz, 1H; CHAr2), 4.64 (t, 3J =8.2 Hz, 2 H; CHAr2), 5.72 (d, 2J=

7.2 Hz, 1H; CHout), 6.75 (d, 2J =7.1 Hz, 2H; CHout), 6.38 (s, 2H; ArH),
6.49 (s, 2H; ArH), 7.03 (br s, 2 H; OH), 7.09 (s, 2 H; ArH), 7.16 ppm (s,
2H; ArH); MS (CI): m/z (%): 637 (100) [M+H]+ .

Undecyl-footed trimethylene-bridged resorcinarene (2): K2CO3 (3.76 g,
27.2 mmol) and CH2Br2 (0.41 mL, 6.0 mmol) were added, under nitrogen,
to a solution of resorcinarene (R: C11H23) (3.0 g, 2.72 mmol) in dry
DMSO (10 mL). The purple mixture was stirred in a sealed tube at 90 8C
for 3 h. The reaction was quenched by the addition of HClaq (10 %), and
the resulting mixture was extracted with CH2Cl2. The organic layer was
washed with water (3 � 15 mL), dried on Na2SO4, and evaporated. The
crude product was purified by column chromatography on silica gel by
using CH2Cl2/ethyl acetate (9:1 v/v) as eluant to give resorcinarene 2 as a
pale yellow solid (1.1 g, 1.06 mmol, 39 %). Rf =0.62; m.p. 280–285 8C; 1H
NMR (300 MHz, CDCl3): d=0.88 (t, 3J=6.4 Hz, 12 H; CH3), 1.27–1.40
(m, 72H; (CH2)9), 2.22 (m, 8H; CH(CH2)R), 4.29 (t, 3J=8.1 Hz, 1H;
CHAr2), 4.37 (d, 2J =7.2 Hz, 1 H; CHin), 4.47 (d, 2J =7.2 Hz, 2H; CHin),
4.68 (t, 3J =8.3 Hz, 1H; CHAr2), 4.72 (t, 3J=8.3 Hz, 1 H; CHAr2), 5.71
(d, 2J =7.2 Hz, 1 H; CHout), 5.74 (d, 2J =7.2 Hz, 2H; CHout), 6.38 (s, 2 H;
ArH), 6.48 (s, 2H; ArH), 7.09 (s, 2H; ArH), 7.26 (s, 2 H; ArH), 7.56 ppm
(br s, 2 H; OH); MS (CI): m/z (%): 1043 (100) [M+H]+ .

Ethyl-footed cavitand (3) (“out” isomer): 4-(a,a’-Dibromomethyl)pyri-
dine (0.13 g, 0.39 mmol) and K2CO3 (0.9 g, 0.63 mmol) were added, under
nitrogen, to a solution of resorcinarene 1 (0.1 g, 0.16 mmol) in dry DMA
(15 mL). The mixture was stirred in a sealed tube at 80 8C for 16 h. The
reaction was quenched by addition of water (10 mL), and the resulting
mixture was extracted with CH2Cl2 (15 mL). The organic layer was
washed with water (3 � 15 mL), dried on Na2CO3, and evaporated. The
crude product was purified by column chromatography on silica gel by
using CH2Cl2/hexane (7:3 v/v) as eluant to give compound 3 (“out”
isomer) as a yellow solid (30 mg, 0.041 mmol, 26 %). The corresponding
“in” isomer was not purified. Rf =0.35; m.p. 230 8C; 1H NMR (300 MHz,
CDCl3): d=1.00–1.06 (m, 12 H; CH3), 2.24–2.35 (m, 8 H; CH2-CH3), 4.41
(d, 2J =7.3 Hz, 1H; CHin), 4.45 (d, 2J =7.2 Hz, 2H; CHin), 4.62–4.79 (m,
4H; CHAr2), 5.42 (s, 1H; CHPy), 5.75 (d, 2J =7.3 Hz, 1 H; CHout), 5.76
(d, 2J =7.2 Hz, 2H; CHout), 6.50 (s, 2H; ArH), 6.61 (s, 2 H; ArH), 7.14 (s,
2H; ArH), 7.18 (s, 2H; ArH), 7.61 (m, (AA’ part of a AA’XX� system),
2H; PyHm), 8.73 ppm (m, (XX’ part of a AA’XX� system), 2H; PyHo);
MS (CI): m/z (%): 725 (100) [M+H]+ .
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Undecyl-footed cavitands (4) (“out” isomer) and (5) (“in” isomer): 4-
(a,a’-Dibromomethyl)pyridine (0.15 g, 0.6 mmol) and K2CO3 (0.27 g,
1.93 mmol) were added, under nitrogen, to a solution of resorcinarene 2
(0.275 g, 0.24 mmol) in dry DMA (15 mL). The mixture was stirred in a
sealed tube at 80 8C for 16 h. The reaction was quenched by addition of
water (10 mL), and the resulting mixture was extracted with CH2Cl2

(15 mL). The organic layer was washed with water (3 � 15 mL), dried on
Na2CO3, and evaporated. The crude product was purified by column
chromatography on silica gel by using CH2Cl2/ethyl acetate (8:2 v/v) as
eluant to give compound 4 (“out” isomer) as a yellow solid (90 mg,
0.073 mmol, 30%) and compound 5 (“in” isomer) as a pale yellow solid
(42 mg, 0.034 mmol, 14%).

Data for 4 (“out” isomer): Rf =0.56; m.p. 220 8C; 1H NMR (300 MHz,
CDCl3): d =0.87 (t, 3J=6.3 Hz, 12H; CH3), 1.23–1.57 (m, 72H; (CH2)9),
2.24–2.29 (m, 8 H; CHCH2R), 4.40 (d, 2J =7.2 Hz, 1 H; CHin), 4.44 (d, 2J =

7.2 Hz, 2 H; CHin), 4.75 (m, 3H; CHAr2), 4.84 (t, 3J =8.0 Hz, 1 H;
CHAr2), 5.41 (s, 1H; CHPy), 5.74 (d, 2J =7.2 Hz, 3 H; CHout), 5.75 (d,
2J=7.2 Hz, 2H; CHout), 6.48 (s, 2 H; ArH), 6.60 (s, 2 H; ArH), 7.13 (s,
2H; ArH), 7.17 (s, 2H; ArH), 7.60 (m, (AA’ part of a AA’XX� system),
2H; PyHm), 8.71 ppm (m, (XX’ part of a AA’XX� system), 2H; PyHo);
1H NMR (300 MHz, CD2Cl2): d =0.85 (t, 3J=6.4 Hz, 12H; CH3), 1.25–
1.38 (m, 72H; (CH2)9), 2.25 (m, 8 H; CHCH2R), 4.30 (d, 2J =7.2 Hz, 1 H;
CHin), 4.35 (d, 2J=7.2 Hz, 2H; CHin), 4.74 (m, 3 H; CHAr2), 4.84 (t, 3J=

7.8 Hz, 1H; CHAr2), 5.32 (s, 1H; CHPy), 5.71 (m, 2 H; CHout), 5.75 (d,
2J=7.2 Hz, 2H; CHout), 6.49 (s, 2 H; ArH), 6.62 (s, 2 H; ArH), 7.20 (s,
2H; ArH), 7.24 (s, 2H; ArH), 7.62 (m, (AA’ part of a AA’XX� system),
2H; PyHm), 8.70 ppm (m, (XX’ part of a AA’XX� system), 2H; PyHo);
MS (CI): m/z (%): 1230 (100) [M+H]+ .

Data for 5 (“in” isomer): Rf =0.43; 1H NMR (300 MHz, CDCl3): d=0.83
(t, 3J= 6.4 Hz, 12H; CH3), 1.10–1.42 (m, 12H; (CH2)9), 2.16–2.40 (m, 8H;
CHCH2R), 3.76 (d, 2J =7.3 Hz, 2H; CHin), 4.30 (d, 2J=7.3 Hz, 1H;
CHin), 4.75 (m, 4H; CHAr2), 5.53 (d, 2J=7.3 Hz, 2H; CHout), 5.80 (s, 2 H;
ArH), 5.81 (d, 2J=7.3 Hz, 1 H; CHout), 6.48 (s, 2H; ArH), 6.60 (s, 1H;
CHPy), 7.14 (m, (AA’ part of a AA’XX� system), 2 H; PyHm), 7.20 (s,
2H; ArH), 7.21 (s, 2 H; ArH), 7.51 ppm (br s, (XX’ part of a AA’XX�
system), 2H; PyHo); MS (CI): m/z (%): 1230 (100) [M+H]+ .

Ethyl-footed cavitand (6) (“out” isomer): 4,4’-(a,a’-Dibromo)tolylpyri-
dine (0.23 g, 0.69 mmol) and K2CO3 (0.35 g, 2.56 mmol) were added,
under nitrogen, to a solution of resorcinarene 1 (0.22 g, 0.35 mmol) in dry
DMA (10 mL). The mixture was stirred in a sealed tube at 80 8C for 16 h.
The reaction was quenched by addition of water (10 mL), and the result-
ing mixture was extracted with CH2Cl2 (15 mL). The organic layer was
washed with water (3 � 15 mL), dried on Na2CO3, and evaporated. The
crude product was purified by column chromatography on silica gel by
using CH2Cl2/ethyl acetate (6:4 v/v) as eluant to give compound 6 (“out”
isomer) as a white solid (0.13 g, 0.16 mmol, 46%). Rf =0.45; m.p. 220 8C;
1H NMR (300 MHz, CDCl3): d=1.01–1.07 (m, 12 H; CH3), 2.25–2.36 (m,
8H; CH2-CH3), 4.42 (d, 2J =7.2 Hz, 1 H; CHin) 4.46 (d, 2J =7.2 Hz, 2 H;
CHin), 4.64–4.81 (m, 4H; CHAr2), 5.52 (s, 1 H; CHPhPy), 5.76 (d, 2J=

7.2 Hz, 1H; CHout), 5.77 (d, 2J =7.2 Hz, 2H; CHout), 6.50 (s, 2H; ArH),
6.62 (s, 2 H; ArH), 7.14 (s, 2 H; ArH), 7.21 (s, 2 H; ArH), 7.52 (d, 3J=

5.8 Hz, (AA’ part of a AA’XX’ system), 2 H; PyHm), 7.71 (d, Jo =6.5 Hz,
Jm = 2.1 Hz, (AA’ part of a AA’XX’ system), 2 H; PyPhH), 7.82 (d, Jo =

6.5 Hz, Jm =2.1 Hz, (XX’ part of a AA’XX’ system), 2H; PyPhH),
8.69 ppm (d, 3J =5.8 Hz, (XX’ part of a AA’XX’ system), 2 H; PyHo); 1H
NMR (300 MHz, CD2Cl2): d= 0.98–1.04 (m, 12 H; CH3), 2.23–2.35 (m,
8H; CH2-CH3), 4.33 (d, 2J =7.2 Hz, 1 H; CHin) 4.38 (d, 2J =7.2 Hz, 2 H;
CHin), 4.64(m, 3H; CHAr2), 4.80 (t, 3J =8.0 Hz, 1 H; CHAr2), 5.44 (s,
1H; CHPhPy), 5.73 (d, 2J= 7.2 Hz, 1H; CHout), 5.75 (d, 2J=7.2 Hz, 2 H;
CHout), 6.50 (s, 2H; ArH), 6.66 (s, 2 H; ArH), 7.24 (s, 2H; ArH), 7.20 (s,
2H; ArH), 7.57 (d, 3J=6.0 Hz, (AA’ part of a AA’XX’ system), 2 H;
PyHm), 7.76 (d, Jo =6.5 Hz, Jm =2.1 Hz, (AA’ part of a AA’XX’ system),
2H; PyPhH), 7.85 (d, Jo =6.5 Hz, Jm =2.1 Hz, (XX’ part of a AA’XX’
system), 2H; PyPhH), 8.67 ppm (d, J =5.8 Hz, (XX’ part of a AA’XX’
system), 2H; PyHo); MS (CI): m/z (%): 802 (100) [M+H]+ .

Undecyl-footed cavitand (7) (“out” isomer): 4,4’-(a,a’-Dibromo)tolylpyr-
idine (0.46 g, 1.4 mmol) and K2CO3 (0.62 g, 4.5 mmol) were added, under
nitrogen, to a solution of resorcinarene 2 (0.64 g 0.56 mmol) in dry DMA

(15 mL). The mixture was stirred in a sealed tube at 80 8C for 16 h. The
reaction was quenched by addition of water (10 mL), and the resulting
mixture was extracted with CH2Cl2 (15 mL). The organic layer was
washed with water (3 � 15 mL), dried on Na2CO3, and evaporated. The
crude product was purified by column chromatography on silica gel using
CH2Cl2/ethyl acetate (3:7 v/v) as eluant to give compound 7 (“out”
isomer) as a pale yellow solid (0.40 g, 0.30 mmol, 54%). Rf =0.57; m.p.
225 8C; 1H NMR (300 MHz, CDCl3): d=0.87 (t, 3J =6.4 Hz, 12H; CH3),
1.22–1.41 (m, 72 H; (CH2)9), 2.26 (m, 8H; CHCH2R), 4.43 (d, 2J =7.3 Hz,
1H; CHin), 4.47 (d, 2J=7.2 Hz, 2H; CHin), 4.75 (m, 2 H; CHAr2), 4.90 (t,
3J=8.1 Hz, 1H; CHAr2), 5.50 (s, 1H; CHPhPy), 5.75 (d, 2J =7.3 Hz, 1 H;
CHout), 5.76 (d, 2J= 7.2 Hz, 2 H; CHout), 6.50 (s, 2 H; ArH), 6.63 (s, 2H;
ArH), 7.14 (s, 2H; ArH), 7.18 (s, 2 H; ArH), 7.53 (d, 3J =5.9 Hz, (AA’
part of a AA’XX’ system), 2 H; PyHm), 7.72 (d, 3J= 8.3 Hz, (AA’ part of
a AA’XX’ system), 2 H; PyPhH), 7.81 (d, 3J=8.3 Hz, (XX’ part of a
AA’XX’ system), 2 H; PyPhH), 8.68 ppm (d, J =5.7 Hz, (XX’ part of a
AA’XX’ system), 2 H; PyHo); MS (CI): m/z (%): 1308 (100) [M+H]+ .

General procedure for the self-assembly of cis-ditopic cavitand com-
plexes (8, 9): Ditopic complexes 8 and 9 were assembled by simply
mixing, respectively, cavitands 4 or 6 with [Pt(dppp)(OTf)2] in a 2:1
molar ratio at room temperature in solvents such as CH2Cl2 or CHCl3. In
all cases, removal of the solvent under vacuum gave the desired complex
as the only product in quantitative yields.

Data for 8 : 1H NMR (300 MHz, CD2Cl2): d =0.87 (m, 24 H; CH3), 1.23–
1.57 (m, 144 H; (CH2)9), 2.16–2.26 (m, 2 H; PCH2CH2CH2), 2.24–2.29 [m,
16H; CHCH2R], 3.36 (br m, 4 H; PCH2CH2), 4.25 (d, 2J =7.4 Hz, 2 H;
CHin), 4.29 (d, 2J= 7.3 Hz, 4H; CHin), 4.71 (m, 8H; CHAr2), 5.07 (s, 2 H;
CHPy), 5.70 (d, 2J= 7.3 Hz, 4H; CHout), 5.72 (d, 2J= 7.4 Hz, 2 H; CHout),
6.41 (s, 4H; ArH), 6.46 (s, 4H; ArH), 7.15 (s, 4H; ArH), 7.18 (s, 4 H;
ArH), 7.37 (m, 40 H; Ph), 7.71 (br s, (AA’ part of a AA’XX’ system), 4 H;
PyHm), 9.14 ppm (d, 3J=5.2 Hz, (XX’ part of a AA’XX’ system), 4H;
PyHo); ESI-MS: m/z (%): calcd for C191H256F6N2O22P2PtS2 (3367.3 amu)
[M�CF3SO3]

+ : 3218.1; found: 3218 (10); calcd [M�2CF3SO3]
2+ : 1534.5;

found: 1534 (100).

Data for 9 : 1H NMR (300 MHz, CD2Cl2): d =1.03 (m, 24 H; CH3), 2.27–
2.37 (m, 16H; CH2-CH3), 3.34 (br m, 16H; PCH2CH2), 4.31 (d, 2J =

7.4 Hz, 2 H; CHin), 4.34 (d, 2J =7.3 Hz, 4 H; CHin), 4.64 (m, 6H; CHAr2),
4.76 (t, 3J =8.0 Hz, 2 H; ArH), 5.38 (s, 2H; CHinPhPy), 5.73 (d, 2J=

7.3 Hz, 6H; CHout), 6.49 (s, 4 H; ArH), 6.62 (s, 4 H; ArH), 7.19 (s, 4 H;
ArH), 7.23 (s, 4 H; ArH), 7.34 (d, 3J= 6.1 Hz, (AA’ part of a AA’XX’
system), 4H; PyPhH), 7.37 (m, 40H; PPh), 7.52 (d, 3J= 8.2 Hz, (AA’ part
of a AA’XX’ system), 4H; PyPhH), 7.74–7.80 (br s, (AA’ part of a
AA’XX’ system), 4H; PyHm), 9.08 ppm (br d, (XX’ part of a AA’XX’
system), 4 H; PyHo); ESI-MS: m/z (%): calcd for C131H120F6N2O22P2PtS2

(2509.5 amu) [M�CF3SO3]
+ : 2360.5; found: 2361 (30); calcd

[M�2CF3SO3]
2+ : 1105.7; found: 1106 (100).

Mono (trans-10) and ditopic (trans-11) cavitand complexes : Ditopic
trans-PtCl2 cavitand complex 11 was prepared by mixing a solution of
cavitand 6 in C2H2Cl4 with cis-[Pt(CH3CN)2Cl2] in CH3CN (2:1 molar
ratio). The mixture was stirred at 80 8C for 3 days. After solvent evapora-
tion, the crude yellow product was purified by column chromatography
on silica gel using CH2Cl2/ethanol (98:2 v/v) as eluant to give the ditopic
cavitand complex trans-11 (50 %) and the monofunctionalized PtCl2 cavi-
tand complex trans-10 (20 %). The same reaction carried out at room
temperature gave 10 and 11 in 75 % and 17 % yields, respectively.

Data for 10 : 1H NMR (300 MHz, CDCl3): d=1.01 (m, 12H; CH3), 2.17
(s, 3H; CH3CN), 2.29 (m, 8H; CH2-CH3), 4.42 (d, 2J= 7.1 Hz, 1H; CHin)
4.46 (d, 2J =7.2 Hz, 2 H; CHin), 4.66, 4.81 (m, 4H; CHAr2), 5.50 (s, 1 H;
CHPhPy), 5.75 (d, 2J =7.1 Hz, 3H; CHout), 6.50 (s, 2H; ArH), 6.61 (s,
2H; ArH), 7.14 (s, 2H; ArH), 7.18 (s, 2 H; ArH), 7.55 (d, 3J =6.0 Hz,
(AA’ part of a AA’XX’ system), 2H; PyHm), 7.69 (d, 3J =8.2 Hz, (AA’
part of a AA’XX’ system), 2 H; PyPhH), 7.83 (d, 3J=8.2 Hz, (XX’ part of
a AA’XX’ system), 2 H; PyPhH), 8.84 ppm (d, 3J=6.0 Hz, (XX’ part of a
AA’XX’ system), 2H; PyHo); MALDI-TOF MS: m/z (%): calcd for
C53H50Cl2O8N2Pt (1108.9 amu) [M+H]+ : 1109.9; found: 1110 (60); calcd
[M+Na]+ : 1131.9; found: 1133 (100).

Data for 11: 1H NMR (300 MHz, CDCl3): d=1.03 (m, 24 H; CH3), 2.29
(m, 16H; CH2-CH3), 4.42 (d, 2J= 7.1 Hz, 2H; CHin) 4.46 (d, 2J =7.2 Hz,
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4H; CHin), 4.66, 4.81 (m, 8 H; CHAr2), 5.51 (s, 2H; CHPhPy), 5.76 (d,
2J=7.1 Hz, 6H; CHout), 6.50 (s, 4 H; ArH), 6.61 (s, 4 H; ArH), 7.15 (s,
4H; ArH), 7.19 (s, 4 H; ArH), 7.54 (d, 3J =6.6 Hz, (AA’ part of a
AA’XX’ system), 4 H; PyHm), 7.72 (d, 3J=8.0 Hz, (AA’ part of a
AA’XX’ system), 4H; PyPhH), 7.84 (d, 3J =8.0 Hz, (XX’ part of a
AA’XX’ system), 4 H; PyPhH), 8.97 ppm (d, 3J=6.6 Hz, (XX’ part of a
AA’XX’ system), 4H; PyHo); MALDI-TOF MS: m/z (%): calcd for
C102H94Cl2N2O16Pt (1869.9 amu) [M+Na]+ : 1892.8; found: 1892 (80);
calcd [M+K]+: 1909.0; found 1908.6 (20).

Monotopic cavitand complexes (cis+ trans-12): A solution of cavitand 6
(110 mg, 0.137 mmol) and cis-[Pt(dmso)2Cl2] (58 mg, 0.137 mmol) in
CH2Cl2 (10 mL) was stirred at room temperature in the dark for 4 h. The
solvent was removed under vacuum to give monotopic cis+ trans-12 com-
plex in quantitative yield. The two isomers could not be separated chro-
matographically. The experimental cis/trans ratio was 1.2:1, obtained by
integration of the 3.52 and 3.47 ppm DMSO singlets. cis+ trans-12 : 1H
NMR (300 MHz, CDCl3): d= 1.03 (m, 12H; CH3), 2.30 (m, 8 H;
CH2CH3), 3.47 (s, 6H; trans-DMSO), 3.52 (s, 6H; cis-DMSO), 4.42 (d,
2J=7.2 Hz, 1 H; CHin) 4.47 (d, 2J =7.2 Hz, 2H; CHin), 4.66 (m, 3 H;
CHAr2), 4.79 (t, 3J =8.1 Hz, 1 H; CHAr2), 5.50 (s, 1H; CHPhPy), 5.73 (d,
2J=7.2 Hz, 1H; CHout), 5.75 (d, 2J= 7.2 Hz, 2H; CHout), 6.50 (s, 2 H;
ArH), 6.62 (s, 2 H; ArH), 7.13 (s, 2 H; ArH), 7.18 (s, 2 H; ArH), 7.63 (d,
3J=6.8 Hz, (AA’ part of a AA’XX’ system), 2H; PyHm), 7.71 (d, 3J=

8.4 Hz, (AA’ part of a AA’XX’ system), 2H; PyPhH), 7.83 (d, 3J=

8.4 Hz, (XX’ part of a AA’XX’ system), 2 H; PyPhH), 8.78 ppm (d, 3J =

6.8 Hz, (XX’ part of a AA’XX’ system), 2H; PyHo); MALDI-TOF MS:
m/z (%): calcd for C53H53Cl2NO9PtS (1146.0 amu) [M+Na]+ : 1169.0;
found: 1169 (70); calcd [M+K]+ : 1185.1; found: 1185 (100).

cis-PtCl2 ditopic complex (13): Cavitand 6 (45 mg, 0.056 mmol) was
added to a C2H2Cl4 solution of cis+ trans-12 complexes (77 mg,
0.056 mmol). The solution was heated to reflux for 36 h. The solvent was
removed under vacuum, and the crude mixture was purified by column
chromatography on silica gel using CHCl3/ethyl acetate (95:5 v/v) as
eluant to give 13 (38 mg, 0.02 mmol, 36%) and 11 (31 mg, 0.17 mmol,
30%).

Data for 13 : 1H NMR (300 MHz, CDCl3): d=1.04 (m, 24H; CH3), 2.32
(m, 16H; CH2CH3), 4.44 (d, 2J =7.1 Hz, 2 H; CHin), 4.48 (d, 2J =7.1 Hz,
4H; CHin), 4.68 (m, 6 H; CHAr2), 4.80 (t, 3J =8.1 Hz, 2 H; CHAr2), 5.52
(s, 2 H; CHPhPy), 5.76 (m, 6H; CHout), 6.51 (s, 4 H; ArH), 6.64 (s, 4H;
ArH), 7.15 (s, 4H; ArH), 7.20 (s, 4 H; ArH), 7.70 (d, 3J =7.1 Hz, (AA’
part of a AA’XX’ system), 2 H; PyHm), 7.77 (d, 3J= 8.5 Hz, (AA’ part of
a AA’XX’ system), 4H; PyPhHm), 7.90 (d, 3J =8.3 Hz, (XX’ part of a
AA’XX’ system), 4 H; PyPhH), 9.29 ppm (d, 3J=7.1 Hz, (XX’ part of a
AA’XX’ system), 4H; PyHo); MALDI-TOF MS : m/z (%): calcd for
C102H94Cl2N2O16Pt (1869.9 amu) [M+Na]+ : 1892.8; found: 1892 (20);
calcd [M+K]+: 1909.0; found: 1911 (100).

fac-Re ditopic cavitand complex (14): Cavitand 6 (48.1 mg, 0.06 mmol)
was added to a CHCl3 solution of [Re(CO)5Br] (12.2 mg, 0.03 mmol) and
heated to reflux for 24 h. After solvent evaporation, the crude product
was purified by column chromatography on silica gel using CH2Cl2/etha-
nol (99:1 v/v) as eluant to give the ditopic cavitand complex fac-14
(24.0 mg, 0.012 mmol, 41 %). 1H NMR (300 MHz, CDCl3): d=0.88 (m,
24H; CH3), 2.30 (m, 16H; CH2-CH3), 4.41 (d, 2J =7.2 Hz, 2H; CHin) 4.45
(d, 2J=7.2 Hz, 4 H; CHin), 4.64 (m, 6 H; CHAr2), 4.78 (t, 3J=8.1 Hz, 2 H;
CHAr2), 5.50 (s, 2 H; CHPhPy), 5.74 (d, 2J=7.2 Hz, 6 H; CHout), 6.49 (s,
4H; ArH), 6.61 (s, 4 H; ArH), 7.13 (s, 4 H; ArH), 7.18 (s, 4 H; ArH), 7.59
(d, 3J =6.6 Hz, (AA’ part of a AA’XX’ system), 4 H; PyHm), 7.70 (d, 3J =

8.3 Hz, (AA’ part of a AA’XX’ system), 4H; PyPhH), 7.84 (d, 3J=

8.3 Hz, (XX’ part of a AA’XX’ system), 4 H; PyPhH), 8.90 ppm (d, 3J =

6.6 Hz, (XX’ part of a AA’XX’ system), 4 H; PyHo); 13C NMR (75 MHz,
CDCl3): d=12.2 (CH3), 29.6 (CH2), 38.2 (CH), 99.5 (OCH2O), 106.8
(CHPhPy), 116.4 (CH), 120.6 (CH), 120.8 (CH), 123.2 (CH), 127.1 (CH),
127.4 (CH), 136.6 (Cq), 138.2 (Cq), 138.9 (Cq), 140.6 (Cq), 150 (Cq),
153.8 (CH), 154.8 (CH), 191.9 (COax), 195 ppm (COeq); FTIR: nCO =

2029, 1929, 1892 cm�1; MALDI-TOF MS: m/z (%): calcd for
C105H94BrN2O19Re (1954.0 amu) [M�Br]+ : 1874.1; found: 1874 (100).

General procedure for the self-assembly of mononuclear tetratopic cavi-
tand complexes (15, 16): The tetratopic mononuclear cavitand complexes

15 and 16 were assembled by mixing cavitands 4 and 7, respectively, with
[Pd(CH3CN)4(BF4)2] in a 4:1 molar ratio at room temperature in a mix-
ture of CHCl3/CH3CN (8:2). The complexes were stable only in the
mother solution. All attempts to obtain them in the solid state, either by
evaporation of the solvent or by precipitation, failed.

Data for 15 : 1H NMR (400 MHz, CDCl3/CD3CN): d= 1.16 (m, 48 H;
CH3), 2.25 (m, 32H; CHCH2CH3), 4.35 (d, 2J =7.2 Hz, 12H; CHin), 4.61
(m, 16H; CHAr2), 5.35 (s, 4H; CHPy), 5.69 (m, 12H; CHout), 6.46 (s,
8H; ArH), 6.52 (s, 8 H; ArH), 7.10 (s, 8 H; ArH), 7.15 (s, 8 H; ArH), 7.80
(d, 3J= 6.2 Hz, (AA’ part of a AA’XX’ system), 8 H; PyHm), 9.45 ppm (d,
3J=6.2 Hz (XX’ part of a AA’XX’ system), 8 H; PyHo); ESI-MS: m/z
(%): calcd for C180H172B2F8N4O32Pd (3183.6 amu) [M�BF4]

+: 3096.8;
found: 3095 (10);, calcd [M�2BF4]

2+: 1505.0; found: 1504 (100).

Data for 16 : 1H NMR (400 MHz, CDCl3/CD3CN): d= 0.87 (m, 48 H;
CH3), 1.28–1.44 [m, 288 H; (CH2)9], 2.26 (m, 32H; CHCH2R), 4.36 (m,
12H; CHin), 4.70 (m, 12 H; CHAr2), 4.81 (t, 3J= 7.8 Hz, 4H; CHAr2),
5.40 (s, 4 H; CHPhPy), 5.69 (d, 2J=7.3 Hz, 12H; CHout), 6.46 (s, 8H;
ArH), 6.56 (s, 8 H; ArH), 7.13 (s, 8 H; ArH), 7.17 (s, 8 H; ArH), 7.63 (d,
3J=8.3 Hz, (AA’ part of a AA’XX’ system), 8 H; PyPhH), 7.71 (d, 3J =

5.8 Hz, (AA’ part of a AA’XX’ system), 8H; PyHm), 7.76 (d, 3J =8.3 Hz,
(XX’ part of a AA’XX’ system), 8H; PyPhH), 9.37 ppm (d, 3J =5.8 Hz,
(XX’ part of a AA’XX’ system), 8 H; PyHo); ESI-MS: m/z (%): calcd for
C348H476B2F8N4O32Pd (5507.8 amu) [M�2BF4]

2+ : 2667.1; found: 2668
(80).

[Pt2(tppb)Cl4] (17): cis-[Pt(CH3CN)2Cl2] (219.1 mg, 0.63 mmol) was
added, under nitrogen, to a solution of tppb (256 mg, 0.31 mmol) in dry
CH3CN (15 mL) and dry CH2Cl2 (15 mL). The white solution was stirred
at room temperature in the dark overnight. The solvent was removed
under reduced pressure and the complex 17 (350 mg, 0.26 mmol, 82%)
was purified by crystallization from ethyl ether. 1H NMR (400 MHz,
[D6]DMSO): d=7.51 (m, 16 H; PPhHo), 7.59 (t, 3J=6.0 Hz, 8 H; PPhHp),
7.72 (m, 16H; PPhHm), 8.01 ppm (br s, 2 H; ArH); MALDI-TOF MS:
m/z (%): calcd for C54H42Cl4P4Pt2 (1346.8 amu) [M�Cl]+ : 1311.3; found:
1310 (100); calcd [M+Na]+ : 1369.8; found: 1369 (20); elemental analysis
calcd (%) for C54H42Cl4P4Pt2: C 48.14, H 3.12; found: C 47.91, H 3.12.

[Pd2(tppb)Cl4] (18): [Pd(CH3CN)2Cl2] (72.6 mg, 0.28 mmol) was added,
under nitrogen, to a solution of tppb (114.1 mg, 0.14 mmol) in dry
CH3CN (15 mL) and dry CH2Cl2 (15 mL). The yellow solution was stirred
at room temperature in the dark overnight. The solvent was evaporated
under vacuum and complex 18 (130 mg, 0.11 mmol, 80%) was purified
by crystallization from ethyl ether. 1H NMR (400 MHz, [D6]DMSO): d=

7.52 (d, 3J= 6.4 Hz, 16 H; PPhHo), 7.62 (t, 3J= 6.9 Hz, 8 H; PPhHp), 7.76
(m, 16 H; PPhHm), 8.02 ppm (br s, 2H; ArH); MALDI-TOF MS: m/z
(%): calcd for C54H42Cl4P4Pd2 (1169.4 amu) [M�Cl]+ : 1134.0; found:
1134 (70); calcd [M+K]+ : 1208.5; found: 1208 (20); elemental analysis
calcd (%) for C54H42Cl4P4Pd2: C 55.41, H 3.59; found: C 55.11, H 3.65.

[Pt2(tppb)(CF3SO3)4] (19): AgCF3SO3 (36 mg, 0.14 mmol) was added,
under nitrogen, to a solution of compound 17 (48 mg, 0.035 mmol) in dry
CH3CN (10 mL) and dry CH2Cl2 (10 mL). The solution was stirred at
35 8C in the dark overnight; the white precipitate of AgCl formed was re-
moved by filtration and the white solution was evaporated under reduced
pressure. Complex 19 (33 mg, 0.018 mmol, 52 %) was crystallized from
ethyl ether. 1H NMR (400 MHz, CD3CN): d =7.55 (m, 16 H; PPhHo),
7.59–7.72 (m, 24H; PPhHp +PPhHm), 8.10 ppm (br s, 2 H; ArH); ESI-
MS: m/z (%): calcd for C58H42F12O12P4Pt2S4 (1801.2 amu) [M�CF3SO3]

+ :
1652.2; found: 1652 (30); calcd [M�2 CF3SO3]

2+ : 751.6; found: 752 (100);
calcd [M�3 CF3SO3]

3+ : 451.4; found: 452 (100).

[Pd2(tppb)(CF3SO3)4] (20): AgCF3SO3 (37 mg, 0.14 mmol) was added,
under nitrogen, to a solution of compound 18 (42 mg, 0.036 mmol) in dry
CH3CN (10 mL) and dry CH2Cl2 (10 mL). The solution was stirred at
room temperature in the dark overnight; the white precipitate of AgCl
formed was removed by filtration and the yellow solution was evaporated
under reduced pressure. The product was crystallized from ethyl ether to
give complex 20 (36 mg, 0.022 mmol, 62 %). 1H NMR (400 MHz,
CD3NO3): d=7.60 (m, 16H; PPhHo), 7.74–7.81 (m, 24H; PPhHp +

PPhHm), 8.32 ppm (br s, 2 H; ArH); ESI-MS: m/z (%): calcd for
C58H42F12O12P4Pd2S4 (1623.9 amu) [M�CF3SO3]

+ : 1474.9; found: 1475
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(20); calcd [M�2CF3SO3]
2+ : 662.9; found: 663 (20); calcd

[M�3CF3SO3]
3+ : 392.2; found: 392 (100).

General procedure for the self-assembly of dinuclear tetratopic cavitand
complexes (21, 22): Dinuclear tetratopic cavitand complexes 21 and 22
were assembled by mixing cavitand 3 with complex 19, and cavitand 6
with complex 20, respectively, in a 4:1 molar ratio at room temperature
in a CHCl3/CH3NO2/CH3CN 7:2:1 mixture. After stirring for 15 min, the
desired complexes 21 and 22 were obtained in quantitative yields after
removal of the solvent under vacuum.

Data for 21: (M= Pt): 1H NMR (400 MHz, CDCl3): d=1.04 (m, 48 H;
CH3), 2.21 (m, 32H; CH2-CH3), 4.29 (m, 12H; ArCHin), 4.47–4.57 (m,
16H; CHAr2), 5.17 (s, 4 H; CHPy), 5.63 (m, 12H; CHout), 6.42 (s, 8H;
ArH), 6.43 (s, 8H; ArH), 7.09 (s, 8 H; ArH), 7.13 (s, 8 H; ArH), 7.41–7.54
[m, 32H; PPhHo +PPhHp +PyHm], 8.12 (br s, 2H; ArH), 8.93 ppm (m,
(XX’ part of a AA’XX� system), 8 H; PyHo); ESI-MS: m/z (%): calcd for
C238H214F12N4O44P4Pt2S4 (4704.8 amu) [M�2CF3SO3]

2+ : 2203.3; found:
2204 (10); calcd [M�3CF3SO3]

3+ : 1419.2; found: 1419 (100).

Data for 22 : (M= Pd): 1H NMR (400 MHz, CDCl3): d= 1.06 (m, 48 H;
CH3), 2.21 (m, 32 H; CH2-CH3), 4.26 (m, 12 H; CHin), 4.54 (m, 12 H;
CHAr2), 4.65 (t, 3J =8.0 Hz, 4H; CHAr2), 5.29 (s, 4H; CHPhPy), 5.61
(m, 12 H; CHout), 6.42 (s, 8H; ArH), 6.51 (s, 8 H; ArH), 7.12 (s, 8 H;
ArH), 7.17 (s, 8 H; ArH), 7.38–7.68 (m, 48H; PPhHo +PPhHp +PyHm +

PyPhHo +PyPhHm), 8.17 (br s, 2 H; ArH), 8.75 ppm (br s, 8 H; PyHo);
ESI-MS: m/z (%): calcd for C262H230F12N4O44P4Pd2S4 (4831.8 amu)
[M�2CF3SO3]

2+ : 2266.8; found: 2266 (30); calcd [M�2CF3SO3–1 cavi-
tand]2+ : 1865.8; found: 1865 (100).

Crystal structures : Crystals of compounds 9, 10, 11, and trans-12, suitable
for X-ray analysis, were obtained by slow diffusion of absolute ethanol
into solutions of the compounds in CH2Cl2. Data collection was per-
formed at the X-ray diffraction beamline facility (monochromatic wave-
length l=1.0000 �) of Elettra Synchrotron, Trieste (Italy), with a Mar
CCD detector and by means of the rotating-crystal method. The crystals
were soaked with an aqueous solution of PEG 1500 (50 %, w/v) prior to
mounting in loops and flash-cooling in a stream of nitrogen gas at 100 K.
The diffraction data was indexed and integrated using MOSFLM[24] and
scaled with SCALECCP4. The structures were solved by using the Pat-
terson method (SHELXS)[25] and Fourier analyses, and refined by the

full-matrix least-squares method based on F2 (SHELXL-97).[26] The elec-
tron density maps showed one crystallographic-independent supramolec-
ular complex in each structure, some dichloromethane and ethanol mole-
cules of the crystallization solvent, and some water molecules coming
from the cryoprotectant solution. In particular, the asymmetric units con-
tained in 9 : 2 triflate counterions, 4.5 ethanol molecules, and 5 water mol-
ecules; in 10 : 1 dichloromethane molecule, 2 ethanol molecules, and 2
water molecules; in 11: 2.5 dichloromethane molecules, 1 ethanol mole-
cule, and 1.5 water molecules; in trans-12 : 3.5 ethanol molecules and 2
water molecules. In the final refinement, all non-hydrogen atoms (except
those of disordered solvent molecules) were treated anisotropically, and
the hydrogen atoms were included at calculated positions with isotropic
U factors=1.2 Ueq of the carbon atom to which they were bonded. For 10
and 11, the anisotropic thermal factors were restrained to an approximate
isotropic behavior by using the card ISOR_* 0.5, because of the low ob-
servable/parameter ratios of these structures. Geometrical restraints were
introduced for a few disordered solvent molecules. Crystal and refine-
ment data are reported in Table 1.

A preliminary diffraction dataset from a crystal of the ditopic complex
trans-11-bis, obtained from the [Pt(dmso)2Cl2] route, was collected in-
house (Bruker rotating anode generator and Kappa CCD2000) at room
temperature by using monochromatic wavelength l=1.5140 �. Crystals
were monoclinic, P21/n, with unit cell parameters a =10.85(4), b=

15.13(5), c=39.93(9) �, b=95.24(8)8 ; V=6345(8) �3; Z=2; 1calcd =

1.399 gcm�3. Even if this dataset was of poor quality and the refinement
not completely satisfactory (R1= 0.231, GOF=1.533), analysis clearly
confirmed that the structure of the trans-11-bis (Figure 6) was very simi-
lar to that of trans-11. The trans ditopic complexes were positioned on
the crystallographic inversion centers located on the Pd ions with the
chlorine ligands disordered over two positions.

CCDC-252894, -252895, -252896, and -252897 contain the supplementary
crystallographic data for this paper. These data can be obtained free of
charge from the Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Table 1. Crystal data and structure refinement for 9, trans-10, trans-11, and trans-12.

Compound 9 trans-10 trans-11 trans-12

formula (C129H119N2O16P2Pt) 2(CF3O3S)
4.5 (C2H6O)5 (H2O)

(C53H47Cl2N2O8Pt) 2(C2H6O) 2-
(H2O) 1 (CH2Cl2)

(C102H94Cl2N2O16Pt) 2.5 (CH2Cl2)
1(C2H6O) 1.5 (H2O)

(C53H43Cl2NO9PtS) 3.5 -
(C2H6O) 2 (H2O)

Mr 2800.78 1316.99 2155.19 1336.23
crystal system,
space group

triclinic, P1̄ triclinic, P1̄ monoclinic, P21/c monoclinic, P21/n

a [�] 12.32 10.85 10.86 10.85
b [�] 23.17 15.34 28.10 15.13
c [�] 25.85 19.40 35.18 38.93
a [8] 72.6 108.0 90 90
b [8] 83.6 92.4 91.1 96.9
g [8] 87.1 106.4 90 90
V [�3] 6995 2916 10737 6345
Z 2 2 4 4
1calcd [gcm�3] 1.330 1.500 1.333 1.399
m [mm�1] 1.62 4.124 2.49 3.669
F(000) 2902 1334 4424 2728
l/2 sinqmax [�] 0.95 1.00 0.985 1
unique reflns 15 292 3809 10355 6610
reflns [I>2s(I)] 12 057 3415 7862 5782
parameters 1676 656 1212 701
restraints 38 396 786 6
GOF 1.247 1.057 1.533 1.049
R [I>2s(I)] R1= 0.111 R1 =0.070 R1=0.134 R1=0.081

wR2=0.285 wR2 =0.191 wR2=0.349 wR2 =0.231
R (all data) R1= 0.127 R1 =0.075 R1=0.150 R1=0.087

wR2=0.307 wR2 =0.197 wR2=0.370 wR2 =0.240
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