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The first metal coordinated pyrogallol[4]arene encapsulating
dimer has been synthesised and shows high nuclearity with
respect to Zn", arranged as a polar coordination belt.

Molecular capsules, self-assembled from calix[4]arenes, re-
sorcin[4]arenes and pyrogallol[4]arenes, have received increas-
ing interest in recent years. These capsules tend to be either
dimeric or hexameric in their assembly. Many of the dimers
are comprised of monomers seamed together, either directly or
with hydrogen bond donor/acceptor solvent molecules.! The
hexameric pyrogallol[4]arene spheroidal structures are held
together by hydrogen bonding between monomers,” while
the hexameric resorcinol[4]arenes exhibit both direct and
solvent bridged hydrogen bonding.> Capsules based on metal
coordinate covalent bonding have been encountered only with
regard to Cu™ and Ga™ hexameric spheres,* and to Pt", Pd",
Co™ and Ag' in covalently modified calix[4]Jarene and
resorcin[4]arene dimers.’

Whilst Zn"' has been used in complexing and dimerizing
calix[4]arenes and resorcin[4]arenes, neither have previously
been reported to form capsules in any successful manner.®
Herein, we report the synthesis and structure of [Zng
(C-propylpyrogallol[4]arene),(pyridine)s < pyridine] (1), a
crystal structure that is complemented by MALDI-TOF MS
analysis of the first metal coordinated pyrogallol[4]arene dimer
capsule, which has high nuclearity with respect to Zn'" and
also encapsulates a pyridine molecule.

Of particular interest to this work is Rebek and co-
workers’'® asymmetric [(C-ethylpyrogallol[4]arene), - CI~ -
7MeOH - H,O] capsule (2) (see Fig. 1a), which has a charged
quinuclidine species as a guest, where the dimer is seamed by a
complex polar belt of hydrogen bonds, and which is bridged
via one water and seven methanol molecules. Of the 12
hydroxy groups from the respective pyrogallol[4]arenes, four
from each ring are directly involved in intramolecular hydro-
gen bonding and the remaining eight connect with the oppos-
ing ring via hydrogen bonds through the bridging solvent
molecules. On closer examination of this chiral conformation
of the dimer, we envisaged the potential of the system to form
a metal-seamed dimer complex. Given that the O-O (O-—
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solvate—O) bond distance between opposing pyrogallolarenes
is in the order of 3.44 A, Zn" should comfortably sit in this
environment.

Synthesis of the metal dimeric capsule was readily achieved
by the combination of a zinc complex precursor, [Zn"(NO3),.
Pyridine, - 6H,0], and C-propylpyrogallol[4]arene in MeOH,
with 5-10 min sonication affording a yellow powder. However,
for the single crystal growth of 1, pyridine as a solvent was an
essential requirement (see the experimental section), as other
solvents or combinations thereof did not adequately yield
crystals suitable for X-ray crystallography. The crystal
structure? reveals the formation of a dimer, where the phenoxy
groups are seamed by eight Zn'' centres, which are axially
coordinated by eight pyridines. The dimer was found to
encapsulate a single pyridine molecule.

The MALDI-TOF MS analysis (see Fig. 2) shows two
major peaks: 2027 Da, which represents an octanuclear zinc
dimer encapsulating a pyridine molecule, but which is stripped
of its axial pyridine ligands in the gas phase, and the smaller
peak of 1951 Da, for an unoccupied dimer, which is also
stripped of its pyridine ligands in the gas phase. Notably, this
is not unusual for complexes which are weakly ligated. The
isotopic mass distribution for the unoccupied dimer is offset by
3 mass units from the calculated distribution of 1948 Da, but
for the occupied dimer, experimental and calculated values are
in good agreement.

Interestingly, there seems to be a significant population of
the “empty” zinc dimer observed by MS analysis. It is feasible
that the empty capsule is a consequence of the mechanism of
zinc dimer formation rather than gas phase fragmentation and
rearrangement. However, this does not appear to be supported
by 'H NMR analysis of the zinc dimer, where the peaks for the
encapsulated pyridine experience a significant upfield shift
(A6 = —3.55 (Hy), —2.86 (H.) and —3.54 (H,)) (see Fig. 3a)
from that expected for pyridine in DMSO. Relative integra-
tion of the peaks of the weakly-ligated pyridines with respect
to the encapsulated pyridine shows a clear 8 : 1 ratio, as one
would expect for full population occupancy. Thus, the differ-
ences in the mass value of 3 units can best be explained by
protonation in the gas phase during fragmentation and re-
arrangement. With respect to the 'H NMR values for the
encapsulated pyridine, such large shift changes are not unusual
for molecules when encapsulated. This is often a consequence
of the orientation and movement restrictions enforced by the
host on the entrapped guest, along with the proximity of the
guest to the arene moiety of the host, reflecting possible C~-H-nt
interactions.”
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Fig. 1 (a) Rebek’s capsule, showing the dimer’s asymmetry and the
direct bond distances (in red) between the opposing phenoxy groups,
and (b) its conversion to the zinc-seamed capsule (axial pyridines and
hydrogens omitted for clarity). (c) A side-on view of the space-filling
model of the octanuclear zinc dimer. (d) A top-down view of the X-ray
structure of dimer 1, with alkyl chains and hydrogens omitted for
clarity, and (e) a top-down view of the space-filling model of the
octanuclear zinc dimer alongside (f) a Pelton wheel.

The octanuclear Zn" complex is unique in that each of the
zinc are pentacoordinated by an outer axial pyridine, and by
four equatorial phenoxy groups, giving a distorted square
pyramidal configuration, leading to an asymmetric conforma-
tion for the dimer, which is similar to the Rebek dimer. The
zincs are singularly linked to each other via the central
bridging oxygen from the pyrogallol sub-unit of the opposing
pyrogallol[4]arenes to form a ring of eight zinc and eight
oxygens (Fig. 1b). The two remaining coordination sites of
each Zn'" are filled by the ortho-phenoxy groups (relative to
the central oxygen atom) of the opposing pyrogallol sub-units.
The overall assembly is neutral, thus leaving four hydroxy
groups from each pyrogallol[4]arene, which are directly in-
volved in intramolecular hydrogen bonding with the ortho-
phenoxide anion of the neighbouring pyrogallol sub-unit. The
connectivity of the zinc with oxygen affords an octagonal
perimetry to the shape of the molecule, and along with the
axial coordination of the pyridines gives a “Pelton Wheel”®-
like appearance to the molecule (see top-down view of the
space-filling model in Fig. le). For the coordination of Zn",
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Fig.2 MALDI-TOF MS spectra of the octanuclear zinc dimer minus
the eight axial pyridines. The peaks at 2027 and 1951 Da represent the
occupied and unoccupied dimers, respectively. Calculated isotopic
distributions of the relative capsules are shown as an inset.

there are few reports in the literature of such high nuclearity,
and none where the metals are organized as a polar belt.’

The average O-O (O-Zn-O) distance for 1 is 2.92 A,
compared to the mean O-O (O-solvate—O) distance for 2 of
3.44 A. This reflects the volume restrictions on the encapsu-
lated pyridine. Space availability is further emphasised by the
calculated volumes of 141 A® and 193 A® for the octanuclear
zinc dimer 1 (see Fig. 3b for a visual depiction of the void
space using a Connolly surface plot)'® and Rebek’s dimer 2,
respectively.!! Pyridine is estimated to occupy 75.1 A3, thus,
there are more severe limitations on the potential guests for the
octanuclear zinc dimer in contrast to Rebek’s capsule, which
has been noted to have contained such guests as the charged
species quinuclidine, tropylium ion, tetramethylammonium
and tetramethylphosphonium cations.'

The crystallographic packing arrangement is clearly deter-
mined by interdigitation of the alkyl chains (Fig. 4). However,
there is a C—H-m interaction (2.8 A) between the pyridine and
the aromatic region of neighbouring capsules. The head-to-tail
arrangement for the neighbouring interdigitating ligated
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Fig. 3 (a) Pyridine 'H NMR nomenclature. (b) Visual depiction of
the chemical space available for a guest within the octanuclear zinc
dimer 1 (axial pyridines omitted for clarity).

18 | New J. Chem., 2007, 31, 17-20

This journal is © the Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2007


http://dx.doi.org/10.1039/b615947h

Downloaded on 01 January 2013
Published on 06 December 2006 on http://pubs.rsc.org | doi:10.1039/B615947H

View Article Online

Fig. 4 Packing arrangement in the crystal structure of 1 showing
alkyl chain interdigitation. Hydrogen atoms are removed for clarity.

pyridines may also allow one to speculate a tentative m—m
interaction between them.

In conclusion, this high nuclearity zinc pyrogallol[4]arene
dimer capsule is a successful follow-through on a model
concept. This offers a spectrum of new and unusual opportu-
nities for further investigations of metal chelation with mole-
cular encapsulation, and where one can envisage chemistry on
the sphere with respect to potential ligand exchange, ligand
chemistry manipulation and coordination network construc-
tion in situ.

Experimental

Instrumentation

NMR spectra were acquired on a Bruker AXR500 (500 MHz).
MALDI-TOF MS were acquired on a Voyager DE-PRO
instrument.

C-Propyl-pyrogallol[4]arene was prepared by a known pro-
cedure.!? Synthesis of [Zng(C-propyl-pyrogallol[4]arene),(pyr-
idine)s < pyridine]: [Zn"(NOs),Pyridine, - 6H,0] (0.328 g,
0.555 mmol) was placed in flask along with C-propylpyro-
gallol[4]arene (0.10 g, 0.139 mmol) and MeOH (4 ml). The
mixture was sonicated for 5-10 min to afford a yellow powder.
The yellow solid was filtered and dried under vacuum. Yield:
0.160 g, 90%. 'H NMR (500 MHz, DMSO-d, shifts relative
to DMSO): 6 = 8.58 (16 H, m), 7.87 (8 H, m), 7.47 (16 H, m),
6.50 (8 H, s), 4.99 (2 H, m, encapsulated pyridine), 4.49 (2 H,
m, encapsulated pyridine), 4.21 (8 H, t, overlaying 1 H
encapsulated pyridine), 2.20 (16 H, m), 1.36 (16 H, m) and
0.98 (24 H, m); '3C NMR: 6 = 149.62, 145.0 (encapsulated

pyridine), 137.7 (encapsulated pyridine), 137.58, 124.76,
124.39 (encapsulated pyridine), 107.36, 35.53, 32.64, 21.49
and 14.55.

For crystal growth, a solution of C-propyl-pyrogallol[4]
arene (0.25 g, 0.35 mmol) in pyridine (2 ml) was prepared by
sonication until a dark colour was achieved, reflecting the
deprotonation of the pyrogallol[4]arene. To this was added a
pre-sonicated solution of Zn(NO3), - 6H,0 (0.416 g, 1.4 mmol)
in pyridine (5-7 ml). The mixture was further sonicated for
1-2 h, and was then left to air-evaporate for several weeks in
a fume hood.

Data for 1 was collected on a Bruker SMART 1000 CCD
diffractometer.t

For MALDI-TOF MS analysis, a crystal was dissolved and
co-crystallized in a dithranol matrix (10 mg ml~! in CHCl;).
All analyses were conducted on a stainless steel MALDI plate.
The Voyager DE-PRO instrument was operated in a reflector
positive ion mode (20 kV acceleration, 150 ns delayed extrac-
tion, 6004000 mass range). Spectra were acquired at a laser
intensity of 1200 with 500 spectra per acquisition, and were
accumulated to a total of 2000 spectra by moving the laser
around the spot.
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