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ABSTRACT

The crystal and molecular structures of two six-coordinate tin(IV)porphyrin phenolate complexes show that infinite cylindrical channels of
uniform pore dimension are formed along the crystallographic c-direction. The underlying recognition event responsible for the porosity is an
extremely tight intermeshing of the meso-tolyl units between layers which is a result of Sn−O‚‚‚H interactions. Thermogravimetric analysis
and differential scanning calorimetry have been used to characterize the sieve-like materials.

Engineered porous materials1,2 have emerged as exciting
multifunctional materials with uses as catalysts, molecular
sieves, sensors, chromatographic supports, and transport
devices being described.3,4 The formation of highly ordered,
infinite frameworks where the intended porous topology may
occur spontaneously when suitable functionalized building
blocks are engaged provides an elegant approach to the
generation of sieve-like materials.5-7 To this end, porphyrins
and metalloporphyrins are interesting candidates as building
blocks. Structurally, they provide a range of useful connectors

throughmesoandâ-pyrrolic functionalization or via the inner
periphery through metalation. Their large aromatic frame-
work and relative rigidity might well be exploited to make
large cavities and channels. In this regard, there are examples
of porphyrinic structures that display channel-like net-
works.6,8,9 Some of these networks are characterized by the
strong interaction of the porphyrin metal ion with axial
ligands6,8 while others9 are governed by weak intermolecular
interactions. Apart from the classic metal ion (Zn(II),
Co(II), Mn(II))‚‚‚pyridine interactive systems6,8 in which both
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potential functional groups are employed in the structural
formation of the lattices, the unique nature of each of these
examples suggests there is little breadth in their formation
as a class. Here we report on the use of tin(IV)porphyrin
phenolates as building blocks in the preparation of porous
materials and suggest by way of five examples (which differ
in their axial substitution) that the formation of such channels
is the result of subtle cooperative effects which in essence
demonstrate molecular recognition at its most fundamental
level.

Tin(IV)porphyrin phenolates10 are the stable product of
the equilibrium-based condensation reaction of substituted
phenols with tin(IV)porphyrin dihydroxide in an organic
medium (Scheme 1). Because of the inherent simplicity of

axial ligation and flexibility in choice of phenolic ligand,
we were interested in using Sn(IV)porphyrin phenolates to
extend and complement the recent interest shown in the
interplay between Sn(IV)porphyrins and carboxylic acids11

as a convenient means of constructing functional supra-
molecular assemblies and arrays.12 Condensation of Sn(IV)-

TTP(OH)213 with the desired phenol in chloroform solution
at reflux for 1 h yields the porphyrin phenolate complexes
1, 2, 3,10 4,14 or 515 in excellent yield (>90%) after
chromatography on neutral alumina.16 Changes (∆δ) of
selected resonances in the1H NMR spectra for Sn(IV)TTP
complexes of1 and2 are shown in Scheme 1. The very large
chemical shift changes observed (>5 ppm) are a result of
the time-averaged orientation and proximity of these nuclei
to the porphyrin ring current.17

Dark red single crystals of1 and 2 suitable for X-ray
analysis18 were grown by vapor diffusion of hexane into
chloroform solutions of1 or 2. The molecular structure of1
is shown in Figure 1 , and the macromolecular structure of
the arrays formed by1 and2 are shown in Figures 1 and 2.
The metal centers of1 and2 are coordinated octahedrally
via the four inner peripheral nitrogens of the porphyrin ligand
and axially via the two phenolic oxygens (av. bond lengths:
Sn-N ) 2.09 Å and Sn-O ) 2.07 Å for 1, Sn-N ) 2.09
Å and Sn-O ) 2.06 Å for 2). In each case the phenolate
groups lie in ananti orientation with respect to each other.
Both compounds1 and 2 crystallize with rhombohedral
symmetry (R3bar), giving rise to a structure constituting a
graphite-like array comprising three identical, but offset,
layers. Each layer constitutes a trigonal-hexagonal array of
porphyrins (Figure 1B) which, based on the Sn‚‚‚Sn distances
in arrays of1, give rises to an extremely large diameter of
36.68 Å with each edge of the regular hexagon being 18.34
Å long. The distance between antipodal methyl groups within
each hexagonal array of1 is 21 Å, and allowing for the van
der Waals radii of the attached hydrogens, the “free space”
dimension of the channel is close to 17 Å. Each hexagon is
offset to the next two in a regular fashion, giving rise to a
helical path best described as 120°of every 3.5 Å (Figure
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Scheme 1. Formation of the Sn(IV)porphyrin Phenolates1
and2a

a As a result of the large ring current experienced by the phenol
group and the subsequent large chemical shift changes (shown),
this process can be easily followed by1H NMR spectroscopy. For
1 and2, ∆δ ) δ(complex)- δ(free phenol) is shown.
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1D). Thus the arrays of1 and2 are made up of tight helical
channels with pore diameters of 17 Å that pitch every 10 Å.

A view down the crystallographicc-axis shows that the
metalloporphyrin arrays of1 and2 have an extremely open

structure (Figures 1 and 2) dominated by a hydrophobic
cavity of 5.5 Å diameter.19 The porous structures exhibited
by the arrays of1 and 2 are a product of two events; the
intersection of overlying voids within the helical channel
resulting in a cylindrical-like channel and the extremely tight
intermeshing of themeso-tolyl units between layers. In each
case, the latter event is a result of weak but significant
nonclassical hydrogen bonding interactions (C-H‚‚‚O dis-
tances of 2.57 and 2.44 Å) between the tin(IV) oxygen of
one porphyrin in one layer and two hydrogen atoms within
themeso-tolyl group within another (Figure 2). The channels
formed in crystals of1 are lined with the axial aromatic nitro
groupssa design feature indicating that these materials may
become “active” with judicious choice of functionality
replacement on the phenol. Although the intensity data were
carefully measured at low temperature and corrected by
analytical methods for absorption effects, the final difference
electron density maps still contain very significant positive

(19) The potential generality of this self-assembly event is illustrated
by a structure reported in ref 15. This report confirms the molecular structure
of a tin(IV) phenolate by X-ray crystallography but overlooks the unique
nature of the crystal packingsgiving rise to the third example of porous
materials prepared in this way. Again, the dimensions of the cavity so formed
and the interactions with which it is formed are identical to1 and2.

Figure 1. (A) A cylindrical bond representation of the molecular
structure of the phenolate complex1. (B) The graphite-like
arrangement found within one layer of the crystal structure of1.
The Sn‚‚‚Sn distance across the hexagonal is 36.68 Å. (C) A
perspective view of the porous framework structure of an array of
1 down the crystallographicc-axis showing regular channels. (D)
A view along theabplane showing the helical nature of alternating
voids between layers. The pink spheres represent tin(IV) atoms.

Figure 2. (A) The trigonal hexagonal unit cell of2. (B) An
illustration of the weak nonclassical hydrogen bonding interactions
between the tin(IV) oxygen of one porphyrin in one layer and two
hydrogen atoms within themeso-tolyl group within another.
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residual peaks of 1.6 and 1.1 e/Å3. These peaks are
significantly higher than the depth of the negative peaks and
represent partly or fully disordered solvent species trapped
within the crystal lattice.

TGA and DSC signals20 associated with the analysis of
crystals of1 and 2 are shown in Figure 3. Endothermic

processes at 95-220°C for 1 (5-8% w/w loss) and at 180-
250°C for 2 (5-8% w/w loss) provide supportive evidence
for the loss of included solvent from within the sieve-like
materials. At higher temperatures however, the two materials
behave quite differently. While the melting of2 was evident
at 390°C, the degradation of1 (with a resultant weight loss
of 5-8% w/w) began at 290°C. The difference seen the
DSC and TGA between1 and2 at > 280 °C is most likely

a result of the thermal loss of NOx from 1 leading to the
formation of a new and as yet unidentified material.

One of the underlying principles demonstrated by struc-
tures1, 2, and515 involves the subtle cooperativity of weak
intermolecular and crystal packing forces between different
porphyrin phenolates that give rise to the sieve-like network.
This cooperativity is selective enough to differentiate1 and
515 from 310 and4,14 which were crystallized under identical
conditions without the generation of the same infinite
channels (Table 1). Considering the difference in total size

between the five porphyrin phenolates1-5 is small, these
results illustrate the power of molecular recognition at its
most fundamental level.

The design and preparation of porous materials still
provides a considerable challenge in materials chemistry, and
as they stand, arrays of1 and2 fall short in rivalling zeolites,
but they do provide a plausible approach to the construction
of porphyrin-based networks. The basic approach is amenable
to some variation (e.g., H for NO2 or CHdCH-CHdCH)
so it seems feasible that other appropriately designed systems
may afford similar structures with variable porosity based
on building block interactions. Investigations into further
properties of these systems are in progress.
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(20) Thermogravimetric analysis was performed in conjunction with
differential scanning calorimetry using a STA1500 instrument. A sample
of either1 or 2 was placed in an aluminium pan under N2 and data were
collected between 30 and 450°C with a temperature rate of 10°C/min.

Figure 3. TGA and DSC results for crystals of1 (top) and2
(bottom).

Table 1. Crystal Structure Information for Porphyrin
Phenolates1-5 Illustrating the Subtly Associated with Channel
Formation

compd phenolate space group network

1 2-nitrophenoxy R3bar infinite channels
2 phenoxy R3bar infinite channels
3 4-nitrophenoxy P21/n no channels
4 2-naphthoxy P1bar no channels
5 1-naphthoxy R3bar infinite channels
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