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Scheme 1. Synthesis of Zh-salen Derivativel

A new type of supramolecular building block, Zn'"-salpyr [salpyr
= N,N'-3-pyridylenebis(salicylideneimine)], is described that con-
tains both a pyridyl donor and a Lewis acidic Zn'" acceptor site in
the salen framework. As a consequence, this building block self-
organizes into a stable tetrameric vase structure via cooperative
intermolecular Zn—N,y, interactions.

Currently, metalloporphyrins are used as multipurpose
molecules because they can be used as catdlydts-
mophores for photochemical proces$asd building blocks
for the construction of supramolecular assembligheir
multipurpose character makes these building blocks particu-
larly interesting for the creation of functional assembfies.
There are several strategies to assemble porphyrins intoself-assembled structures including molecular squares and
higher-ordered structures, but often the pyridih&"-por- loops! supramolecular boxésand coordination polymer.
phyrin (M = Zn, Ru, Co) motif is usefl. An efficient One of the disadvantages of porphyrins is their low-yielding
approach to arrive at well-defined nanosized structures is synthesis, especially those with different substituents on the
the use of building blocks that contain both elements of the phenyls such as i8. Metal-salen and -salphen complexes
M—Npyr binding motif. For example, pyridyl-substituted [salpher= N,N'-phenylenebis(salicylideneimine)] have been

metalloporphyrind(e.g., see Scheme 3),give rise to various  intensively explored as interesting alternative building blocks
in the area of catalysis. Recently, we showed that pyridine
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structure would directly lead to new supramolecular struc-
tures formed by self-assemifly* Herein, we report the
synthesis of a Zhsalpyr [salpyr= N,N'-3-pyridylenebis-
(salicylideneimine)] building block that contains both a Lewis
donor and an acceptor site and, as a consequence, self-
assembles into a molecular vase structure. The easy synthesis
and subsequent formation of well-defined supramolecular
assemblies make this versatile synthon highly useful for
salen-based functional materigl§and an excellent building
block next to the porphyrin analogues.

Our recently introduced two-step one-pot procedflire
provided easy access to the "Zealpyr complex 1
(Scheme 1). Complex was isolated as a bright-red solid in
high yield (79%). The structure df was confirmed by a
combination of spectroscopic and analytical techniques (see
the Supporting Information). Crystals d&uitable for X-ray
crystallography were obtained from a hot toluene solution.
The structure presented in Figure 1 clearly showstlietms
a tetrameric assembly ;) that represents an open vase
structure. The tetramer is held together via foygNZn
coordinative interactions. The internal cavity defined by the
four salpyr units is filled with disordered toluene solvent
molecules (not shown), which were taken into account using
the PLATON-SQUEEZE algorithni>'¢ Two of the Zn- , _ _
Salpyr units have an almost parallel orientation, while the F0UTe L. (8 Xre soitstate souctre ol Numberng schere e
two remaining units are bending outward, giving it the vase for clarity. (b) Parallel alignment ofl], assemblies in the solid state, giving
shape with a wide and a narrow rim. The vase assembly hagise to channel formation along the crystallographiaxis.
an approximate volume of 31003/nd diagonal ZaZn _
distances of 10.5931(10) and 9.9522(10) A. Further inspec-these porous metalloorganic frameworks have recently at-
tion of the tetrameric assembly reveals that one of the tracted agr_eat d_eal of attennon bec_ause of their potential in
o-pyridyl protons in1 is positioned inward and is in close  Crystal engineering and material scieriCe.
contact with one of the phenyl side groups of an adjacent The*™H NMR spectrum of {]4 in CeDs displays a well-
salpyr unit (closest distance around 2.9 A). Building block resolved resonance pattern, suggesting the presence of a
1is clearly achiral, but the tetramer itself is not because it Single and discrete species (Supporting Information). The
does not retain the mirror plane presentliBoth enantio-  PYridyl protons (Scheme 1) appear as broadened peaks at
meric forms were found to be present in the solid-state 7-84 (H), 7.41 (H), and 5.73 ppm () and are significantly
structure. Interestingly, examination of the solid-state struc- shifted upfield. This clearly indicates that the pyridyl unit is
ture of 1 indicates that the tetrameric structures align to €ngaged in coordination to the Zn metal center. This
generate channels para||e| to the Crysta”ogramﬂaxis particular Zri—-N interaction was disrupted by the addition
(Figure 1b, see also the Supporting Information). Although ©Of an excess of pyridines to generate the monomeric species

in the current state the channels are occupied with solvent,1-pyridine-ds (Supporting Information). The signals for the
protons of the pyridyl unit of the salpyr ligand sharpened
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Figure 2. UV -—vis spectra recorded fod]s (in red), complexl in the Figure 3. Titration curve of tetramericl]s with pyridine.
presence of excess of pyridine (in green), and comgléx blue). ) . )
salpyr that is removed from the tetrameric structure is

attached via two pyridytZn interactions. Therefore, the
structure remains rather unaffected in the presence of small
amounts of pyridine up to 1 equiv (ratio dfpyridine < 1).

. . : . . A further addition of pyridine leads to increasing disruption
upfield shifts of the pyridyl protons (Supporting Information). of the tetrameric strupc){ure and the formation o?monofneric

This difference in the upfield shifts can be partially attributed 1-pyridine. The cooperative binding curve of pyridine 1]

to the shielding effect by the occluded benzene solvent :
e is a result of the properties of the assembled host and not of
molecules (NMR samples) within the supramolecular struc-

ture, similar to that observed in the solid-state structure that Fhe Zn-pyridine mteract.lo_n itself becaus.e the host changes
. o . its structure upon pyridine complexation. Although the
contains toluene guests. NMR dilution experiments (up to .. . : . :
3 : . titration curve represents the disruption of the tetrameric
1 x 1073 M) of [1]4 in C¢De revealed no change in the : :
o structure, it clearly reflects that], is formed by a coopera-

resonance pattern, indicating that assembly 19§ [s the . P : : 4

. : ; . tive binding interaction of the final salpyr closing the square
dominant species over a larger concentration region. Ad-

ditionally, the UV—vis spectrum of {]. in toluene remained " assembly ..
. In summary, we have presented a new supramolecular
unchanged at concentrations as low as?1@. These results

suggest the presence of the stable and discrete assethply [ building block, Z_r*n'-_salpyr _complex_l, containing two
. C complementary binding motifs that give rise to cooperative
even at concentrations as low as 40/.

UV —vis spectra of T] (5 x 10-5M 1) in toluene showed :seldc assembly mto a supramolecular vase structure through
) . . Zn"—N,y, coordination patterns. Such supramolecular sys-
a red shift compared to its analog@e(Figure 2), from . : . .
_ 7 tems are highly accessible via these versatile synthons that
419 nm for compoun@ (¢ = 1.74 x 10* M) to 442 nm . e : .
- 23 . ) are easily modified, and this represents an important advan-
for assembly I]a (€ = 2.21x 10 M ). This optical change tage compared to pyridyl-derived metalloporphyrin systems
clearly supports the assembly formation dfj4[ through g b pyndy porphy y

) - . .. of type 3.5¢ Modification of the Zii-salpyr building blockL
intermolecular association of the pendant pyridyl groups with .
the Zr metal centers. Interestingly:pyridine, formed in provides a method to prepare self-assembled vase structures

. . It . decorated with functional groups. Ideally, the cooperative
situ by the addition of excess pyridine to the solution1df, .
show?c,/ a much smaller morgytypiéalred shift @ 1}:[ assembly, or disassembly, of analogues Xf ghould be
429 nm compared ta ' 419 nm for2) than asg];xmbly combined with an additional function that depends on the
[1].. Apparently theremiég a ground-state interaction between assembly status of the building block to arrive at responsive
the4.individual cr’womophores in assembij| functional materials. Considering the easy access of these

The large red shift for1]s compared td-pyridine allows building blocks, this next step is realistic, and research along

. e . . these lines is currently carried out in our laboratory.
the competition between the self-association and pyridine
coordination to be studied by UWis titrations (Figure 3). Acknowledgment. We thank The Netherlands Organiza-
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The titration curve is substantl_a_llly dlffer_ent from - that Supporting Information Available: Synthetic procedures for
expected for a normal 1:1 competition experiment and Seems; .. 4> NMR spectra recorded in s and CDC, and an

typical of a cooperative binding process. In fact, the eyended packing diagram offf in the solid state. This material

sigmoidal-shaped curve of up to 4 equiv is very similar to s available free of charge via the Internet at http://pubs.acs.org.
that found for the @binding process to hemoglobin, an

allosteric binding process that results in very efficient O
transport frc_)m alr’_ via the '9“95 _and bIc_)od., to the cell tl§§u_e' (18) Imai, K. Allosteric Effects in HemoglobinCambridge University
The curve is easily explained in qualitative terms; the first Press: Cambridge, U.K., 1982.

sembly formation. ThéH NMR analysis of 1], in CD.Cl,
also displayed a single and simple resonance pattern with
slightly broadened signals but with significantly smaller
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