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Abstract: We report the assembly of
supramolecular boxes and coordination
polymers based on a rigid bis-zinc(II)-
salphen complex and various ditopic
nitrogen ligands. The use of the bis-

internal cavities can be formed. How-
ever, the inability to accommodate sol-
vent molecules (such as toluene) in
these cavities explains why coordina-
tion polymers are prevailing over well-

defined boxes, as it would lead to an
energetically unfavorable vacuum. In
contrast, for relatively longer ditopic
nitrogen ligands, we observed the selec-
tive formation of supramolecular box

zinc(IT)-salphen building block in com-
bination with small ditopic nitrogen li-
gands gave organic coordination poly-
mers both in solution as well as in the
solid state. Molecular modeling shows
that supramolecular boxes with small

supramolecular

Introduction

Supramolecular chemistry has evolved into a mature field of
science and a plethora of fascinating nano-sized structures
can be prepared by self assembly. Self-assembled structures
based on metal-ligand interactions have become increasing-
ly important, as they are ideal tools for controlling geometry
and dynamics. In addition, they provide new opportunities
for introducing functionality."? As the field has matured,
the focus has increasingly shifted from structural towards
functional aspects. An important step towards the applica-
tion of self-assembled structures, is the translation of the de-
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assemblies in all cases studied. The ap-
proach can be easily extended to chiral
analogues by using chiral ditopic nitro-

self-assembly - .
gen ligands.

chemistry

fined solution structures to the solid sate. An important re-
search field that has attracted enormous interest in recent
years is that of controlled porous materials and metallo-or-
ganic frameworks (MOFS).P! The interest in these materials
is fueled by the (potential) application in separation, recog-
nition, absorption, sensing, and catalysis.*® Coordination
networks can be constructed from a variety of molecular
building blocks applying different interactions that fix the
building block in a specific well-defined orientation. As a
consequence, this regularity facilitates design affording ma-
terials with specific properties. It is therefore not surprising
that an increasing number of articles have appeared on the
design of new porous architectures and some excellent re-
views have reported on this subject.” !

The design of new porous architectures requires the use
of robust molecular building blocks, sometimes called tec-
tons, which have the ability to form rigid networks through
the presence of supramolecular interaction motifs (“syn-
thons”).'" Promising examples of these directional and
strong recognition motifs constitute hydrogen bond interac-
tions and metal-ligand interactions. Metalloporphyrins!®!
have been shown to be versatile building blocks for the con-
struction of these coordination networks.'*!*! Porphyrins are
generally flat, rigid, and chemically and thermally stable
building blocks. Moreover, metalloporphyrins have demon-
strated catalytic activity in a variety of reactions, and thus
the corresponding metalloporphyrin networks have the po-
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tential to act as shape and size-selective heterogeneous cata-
lysts.

The group of Goldberg!'*'® and others!™ "™ reported
some interesting porous porphyrin-based solids. Goldberg
and co-workers mainly focused on para-carboxyphenyl sub-
stituted porphyrins affording a variety of framework solids
resembling molecular sieves and zeolite materials. We re-
cently showed that zinc(II) salen and salphen complexes are
also very versatile building blocks in supramolecular chemis-
try.'”? These compounds are easy to prepare and are gen-
erally available in larger quantities than porphyrin building
blocks. These building blocks also crystallize more easily. In
a previous report,”” we described the formation of supra-
molecular boxes based on bis-zinc(II)-salphen building
block 1 and ditopic ligands such as bipyridine ligand 5.
We found that the alignment of the boxes in the solid state
results in the formation of porous materials. Varying the size
of the cavities of these materials, by changing the length of
the ditopic dinitrogen spacer, provides access to tunable
frameworks that can be matched with the envisioned appli-
cation. Here, we provide a detailed account of the relation
between the structural properties of the supramolecular as-
sembly and the molecular size of the ditopic ligands.
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Results and Discussion

Prior to the experimental studies, we first performed a theo-
retical analysis of the molecular boxes that can be assem-
bled by applying building blocks of various sizes. A priori,
one may expect that the formation of the relatively small
box assemblies could be restricted as a result of steric
crowding, and in these cases, suggest that alternative supra-
molecular structures are formed. However, based on molec-
ular modeling calculations an assembly constructed from
bis-zinc(II)-salphen complex 1 and pyrazine 2 (distance be-
tween the two nitrogen donor atoms=2.8 A) could still
afford a supramolecular box assembly (Scheme 1), without
significant steric repulsion between 1 and 2. Indeed, the en-
ergies of the box assembly and that of open assembly (cor-
rected for the number of atoms) are in the same range
(Figure 1).”? Pyrazine was therefore the building block that
was chosen to study if small boxes, and perhaps porous ma-
terials with small pore size, could be prepared using the self-
assembly approach. In addition, a similar sized molecular
box was attempted, as well as a larger one, using chiral di-
topic nitrogen ligands, which will give rise to chiral supra-
molecular box assemblies that are potentially useful in a

|
N
E Zn Zn
. N N
|}1 - =
N = 0
Zn Zn tBu tBu n n
tBu— ;}:o\ o) fBu o N N
l}l % - ,an B .
5 N N |
4 - g
s - R @ D
N =N, N=
Zn
Zn Zn
'}1 tBu  (Bu
g 1
coordination polymer |2 supramolecular box
N
I
N\
: 0 5 ¢
ENj o NH, 0 NH, | =
E - N NH, O™ % —NH =
2 2 ‘ P “
| N -
N N
2 (S,9)-3 (S,5)-4 5 6
N-N distance 28A 28A 31A 72A 93A 1M16A

Scheme 1. Schematic view of the formation of organic coordination polymers or supramolecular box assemblies constructed from a bis-zinc(II)-salphen
template in combination with ditopic nitrogen ligands with a variable distance between the two nitrogen donor atoms.
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Figure 1. Modeled structures of the supramolecular box assembly
(1),(2), (left) and the repeating part of the coordination polymer
(1),:(2); (right) (purple =Zn, blue=N, red =0, green=C and white =H).

number of applications (e.g., chiral separation, recognition,
absorption, etc.).?!

For the larger building blocks, one intuitively expects that
coordination polymers will be formed rather than molecular
boxes. To theoretically verify this, we analyzed our systems
using the recently introduced effective concentration ap-
proach by Huskens et al.®™! As a starting point for this anal-
ysis we used the previously reported supramolecular box as-
sembly based on a bis-zinc(IT)-salphen building block 1 and
4,4'-bipyridine (bipy) ligand 52! The supramolecular box
assembly consists of an 2:2 assembly with the simultaneous
binding of two ditopic nitrogen ligands to two bis-zinc(1I)-
salphen building blocks. For the analysis of this binding
event using the effective concentration (C.), the binding
process is separated in four steps, in each case forming a
pyridine-zinc-coordinative bond. The first binding events
are rather independent, as there is poor communication be-
tween the zinc centers of complex 1 on the one hand and
the nitrogens of the bipy on the other. It is the last binding
event that decides whether the molecular box or a coordina-
tion polymer is formed. The effective concentration, which
can be estimated from the structure, is the concentration
above which intermolecular binding is preferred over intra-
molecular binding leading to coordination polymers.™> The
effective concentration can be estimated from the volume in
which both ends of the binding motif can move before they
form the bond. For flexible systems this is easily done by
using the maximum distance between the two parts of the
binding motif as the radius to calculate the volume of the
sphere. For our system it is more complicated as we have
rigid building blocks. The solid elipse in Figure 2 represents
the rotational freedom of the bis-zinc(II)-salphen building
block, and the corresponding volume is about 436 A® (-
(8.07)*2.13=0.44x10"2* dm®). We doubled this volume as
there is a second state (Figure 2) in which a similar rotation
is possible with the second bipy coordinated to the other
side. The effective concentration is then estimated by C.;=
1/((6.02214x10%)-(0.87x102*)) = 1.9 mol dm . The estimated
effective concentration is much higher than the concentra-
tion of the ditopic nitrogen ligand in solution and therefore
intramolecular binding is favored over the formation of oli-
gomeric and polymeric structures in this case.” The effec-
tive concentration of assemblies (1),/(2), and (1),:(7), (both
consisting of rigid ditopic nitrogen ligands) can be calculated
in a similar manner providing similar values C=
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Figure 2. Schematic representation of the concept of effective concentra-
tion for assembly (1),(5), in which the bis-zinc(II)-salphen can rotate, de-
fining the volume, while the assembly can be in two states (left and
right). For a detailed explanation, see text.

1.9 mol dm . This means that if rigid building blocks are
used for the box assembly, the distance between the two ni-
trogen donor atoms has no influence on the effective con-
centration and as a consequence, we expect the formation of
molecular boxes for a large series of rigid building blocks.
On the other hand, the distance between the two zinc atoms
will change the effective concentration, but in this contribu-
tion, we use the same bis-zinc(II)-salphen building block 1.

With the effective concentration, one can also analyze
whether the interactions involved in the assembly process
show cooperativity or that the increased binding is a result
of multivalency. In the current example, if the overall associ-
ation constant (K) deviates from K = k;-k,-ks-k, Cey, cOOpera-
tivity can be assumed. We found that the overall constant is
K>10®M~> and we know that the individual association
constants are k, =k,=k;=k, ~10°M~". The fact that we esti-
mated the effective concentration of the system to be
around 1w, indicates that the interactions do not show coop-
erativity. An alternative way of looking at cooperativity ef-
fects uses the concept of effective molarity (EM). If a posi-
tive cooperative binding exists, then C; is larger than EM.
The term effective molarity is defined as: EM=
(K, /(b-K")"™D_in which K, is the association constant for
an n-valent interaction, K; is the intrinsic association con-
stant and b is a scaling factor including statistical fac-
tors.>? 2 For our discrete 2:2 assemblies, K;=10°m~! and
K,>10"m7, an effective molarity of (>10%/b-(10°)")" =
(>1/b)"* could be calculated. This means that it is very
likely to afford an effective molarity of at least 1.9 moldm™,
and as a consequence no cooperative binding exists in our
case.

In previous studies we showed that the use of the bis-
zinc(II)-salphen building block 1 in combination with vari-
ous ditopic nitrogen ligands gave discrete 2:2 assemblies
(Scheme 1). The structure of the supramolecular box assem-
bly for assemblies (1),-(5), and (1),(6), was clearly con-
firmed by X-ray diffraction (Figure 3). The size of the mo-
lecular box is determined by the Zn-Zn distance within
building block 1 (8.1 A) and by the distance between the ni-
trogen donors of the ditopic ligand, which controls the dis-
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alignment of the boxes

Figure 3. Top: Molecular structure of assemblies (1),:(5), (left) and
(1),(6), (right) in the solid state. Co-crystallized solvent molecules and
hydrogen atoms have been omitted for clarity (purple=Zn, blue =N,
red=0, white=H, and green=C). Bottom: Packing of (1),(5), (left)
and (1),:(6), (right) in the solid state, clearly showing the open channel
structure (green=2Zn, blue=N, red=0, and black =C; hydrogen atoms
and disordered solvent molecules occupying the channels have been
omitted for clarity, view along the YO).

tance between the two zinc(Il)-salphen units (11.3 A for
(1)y(5), and 13.5 A for (1),(6),). This results in a box diam-
eter of 13.9 A (for (1),:(5),) and 15.7 A (for (1),(6),),*"
respectively. The Zn-N,,, distance for (1),:(5), and (1),:(6),
(~2.13 A) is similar to that found for analogous pyridine sal-
phen complexes.!3

Interestingly, the packing of both molecular boxes leads
to a porous material with channels in one direction along
the crystallographic b axis (Figure 3 bottom). The use of
other ditopic ligands and bis-zinc(II)-salphen building
blocks should lead to porous materials with different con-
trollable channel sizes. For example, molecular modeling
predicts box sizes and thus channel dimensions for (1),:(7),
of 15.5x8.1 A (diameter ~17.4 A). It is important to note
that the box structures are formed by neutral building
blocks, so that the channels are not blocked by counterions
but contain disordered solvent molecules.

"H NMR spectroscopy as well as UV/Vis titration experi-
ments of the bis-zinc(IT)-salphen building block and 4,4'-bi-
pyridine S supported the formation of a supramolecular box
assembly in solution. The UV/Vis titration curve of the bis-
zinc(IT)-salphen building block and 4,4'-bipyridine 5 showed
only one inflection point at a ratio of 1:5=1, suggesting that
only a single species is present with a very high overall bind-
ing constant (see Supporting Information). The curve did
not change beyond the inflection point, indicating that the
molecular box assembly is the dominant species in solution,
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also in the presence of excess bipy. Although we were
unable to fit the titration curve,’® we know that the overall
association constant for the (1),(5), complex is at least
10®M~ because, at a concentration of 1.1x107>Mm, more
than 95% is in the associated state. This is consistent with
the simultaneous binding of two bipy ligands in the 2:2 as-
sembly, and is clearly sufficiently strong to suppress the for-
mation of other assemblies (i.e., oligomeric and polymeric
structures).

The versatility of the approach to form box type struc-
tures in solution was supported by the use of two extended
bipyridine ligands as ditopic components (6 and 7) thereby
forming box structures with a larger diameter. Similar
'HNMR behavior and UV/Vis titration curves (see Sup-
porting Information) for these assemblies were observed as
for (1),(5),, and pointed at the formation of a discrete 2:2
assembly with a high association (>10*m~>).5

We were interested if the assembly constructed from bis-
zinc(IT)-salphen complex 1 and pyrazine 2 would form a
supramolecular box assembly with a small cavity or a coor-
dination polymer. To investigate the assembly behavior of
the bis-zinc(II)-salphen complex and pyrazine, we prepared
crystals of the assembly that were suitable for X-ray diffrac-
tion experiments. The solid-state structure showed only the
formation of a coordination polymer (Figure 4). The coordi-
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Figure 4. Packing of (1),/(2), in the solid state, the polymeric structure is
formed by proper alignment of the building blocks. Hydrogen atoms, the
minor disordered component and co-crystallized solvent molecules have
been omitted for clarity (green=Zn, red=bis-Zn-salphen complex, and
blue =pyrazine).

nation of the ditopic pyrazine ligand per bis-zinc(II)-salphen
building block occurs at opposite sides of the bis-salphen
scaffold. The bis-zinc(II)-salphen molecules are aligned in a
ladder-type manner (i.e., the bis-zinc(II)-salphen complexes
align in a parallel fashion), in which no intercalation occurs
between the different polymeric structures. The polymeric
structure is stabilized through m—7 interactions between the
different layers. The two bis-zinc(II)-salphen units are sepa-
rated by 7.11 A (Zn-Zn). The Zn-N,,, distance for the as-
sembly (1),(2), is 2.167(2) A, which is slightly longer as
found for analogous pyridine salen complexes (2.10-
2.14 A).P'¥? These dimensions and distances correspond
with the molecular modeling studies, only the connectivity
between the building blocks differs.

To determine whether a coordination polymer is also
present in solution, or if crystal packing effects account for
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it, we performed UV/Vis titration experiments in solution
(toluene, [1]=1.7-10m"). The UV/Vis titration curve for
bis-zinc(II)-salphen and pyrazine showed one inflection
point at a ratio of 1:2=1 (see the Supporting Information).
However, in contrast to the curve obtained for (1),:(5),, the
curve increased gradually beyond the inflection point, which
suggests that multiple species are present in solution.*> The
change in absorption after the inflection point indicates the
presence or the formation of different species among which
are open structures, oligomeric, and polymeric structures.

Although molecular modeling studies showed that the for-
mation of a coordination polymer and a supramolecular box
assembly are both possible (vide supra), that is, not prevent-
ed by steric hindrance between the building blocks involved,
we only observed the formation of a polymeric structure in
the solid state. We also did not find indications of exclusive
box formation in solution. The most likely explanation is
that the solvent molecules used (toluene) are too large to fit
in the cavity. Molecular modeling suggests that this indeed
is the case for toluene, and the boxes might be formed if
smaller solvents are used. This relates to the formation of
molecular capsules that generally also only form in the pres-
ence of a suitable guest.” Molecular modeling indeed
shows that nitromethane as solvent fits well in the cavity of
(1),(2), (see the Supporting Information). Although this
structure shows that these small molecules at least fit inside,
it does not provide information on how well the cavity con-
taining structure is solubilized compared to the open struc-
ture.

To arrive at chiral supramolecular assemblies, we used the
bis-zinc(IT)-salphen building block in combination with
chiral ditopic nitrogen ligands. In analogy to (1),-(pyrazine),,
the solid state structure for (1),:((S,S)-1,2-diphenylethylami-
ne), showed a polymeric structure (Figure 5). Obviously,

Figure 5. Top: Packing of (1),/((S,S)-3), in the solid state, the polymeric
structure is formed by proper alignment of the building blocks. Hydrogen
atoms and co-crystallized solvent molecules have been omitted for clarity
(green="7Zn, blue=N, red=0, and black =C). Bottom: 3-D view of the
packing of (1),/((S,S)-3), (green=Zn, red=bis-Zn-salphen building
block, blue = (8,S)-3).

now a chiral coordination polymer is obtained in which the
absolute configuration of the diamine ligand (S,S) is con-
firmed. In spite of the steric bulk imposed by the two
phenyl groups of the (S,5)-1,2-diphenylethylamine ligand,
the Zn-N,,..,. distance was only 2.13 A, which is slightly

shorter compared to the Zn-N,, distances for (1),(2),

54 www.chemasianj.org
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(2.17 A). The Zn-Zn distance between the two bis-zinc(II)-
salphen building blocks connected by the ditopic nitrogen
ligand is 7.36 A.P°

A more important difference between the two assemblies
is the arrangement of the bis-zinc(Il)-salphen building
blocks. Whereas in (1),:(2),, the bis-zinc(II)-salphen mole-
cules are aligned in a ladder-type manner (i.e., the bis-
zinc(II)-salphen complexes align in a parallel fashion, see
Figure 4), in (1),/((S,S)-3), the structure is slightly tilted and
the bis-zinc(IT)-salphen building blocks are aligned in a
zigzag fashion (see Figure 5). This is ascribed to the size of
the ditopic nitrogen ligand. Apparently there is insufficient
space between the two bis-zinc(II)-salphen units to host two
molecules of 3.

The formation of a polymeric structure for assembly (1),
((S,5)-3),, was also observed in solution by means of UV/Vis
titration experiments (toluene), which showed a different
type of curve as compared to the supramolecular box assem-
blies. The UV/Vis titration curve for bis-zinc(II)-salphen 1
and (S,5)-1,2-diphenylethylamine showed only one inflection
point at a ratio of 1:(S,5)-3=1 (see supporting information).
It should be noted that the curve still increased gradually
beyond the inflection point, which suggests the presence of
multiple species in solution.””

To invoke enough space for solvent molecules to enter
the space between the two bis-zinc(IT)-salphen building
blocks, we also used a chiral ditopic nitrogen ligand in which
the distance between the nitrogen donors is longer. Indeed,
the UV/Vis titration curve of bis-zinc(II)-salphen building
block 1 and (48,55)-4,5-di(aminomethyl)-2,2-dimethyldioxo-
lane 4 showed only one inflection point at a ratio of 1:4=1
(see the Supporting Information). Consistent with a 2:2 as-
sembly in solution, the titration curve showed virtually no
increase beyond the inflection point indicating that a single
species is present in solution, which is stable in the presence
of a small excess of 4. Precise fitting of the titration curve
was too complicated as too many binding processes are in-
volved, but from the curve we estimate an overall associa-
tion constant for the (1),((45,55)-4), complex which is at
least 10°m~2 This is consistent with the simultaneous
binding of two ditopic nitrogen ligands 4 in the 2:2 assembly,
and is in line with the results found previously for (1),:(5),,
(1),:(6),, and (1),:(7),. Unfortunately, we were unable to
grow crystals of sufficient quality from the assembly (1),
((45,55)-4),, but molecular modeling predicts box sizes and
thus channel dimensions for (1),-((45,55)-4), of 9.7x8.1 A
(diameter 12.5 A, Figure 6). The important thing to note
here is that chiral supramolecular box assemblies based on 1
are thus feasible as long as the chiral spacer can accommo-
date the formation of a 2:2 assembly. This opens up ways to
create new chiral porous materials for various applica-
tions.”?!l An important prerequisite is that both nitrogen
donor atoms have similar association constants with the
Lewis acidic Zn" atom. For instance, the use of the dipep-
tide H,N-Gly-His-OMe possessing two nitrogen donor
atoms (i.e., an NH,-group and an imidazole-unit) with dif-
ferent association constants in combination with the bis-

Chem. Asian J. 2009, 4, 50-57
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Figure 6. Modeled structure of the supramolecular box assembly (1),
((4S5,55)-4),. Hydrogen atoms have been omitted for clarity (purple=Zn,
blue=N, red=0 and green=C).

zinc(IT)-salphen building block gave various species in solu-
tion in the presence of excess dipeptide.

Conclusions

We have demonstrated that the bis-zinc(II)-salphen complex
is an excellent building block for the formation of well-de-
fined structures in solution as well as in the solid state. In
combination with a variety of ditopic nitrogen ligands, the
complex was shown to form either coordination polymers or
(chiral) supramolecular box assemblies. As expected, ditopic
nitrogen ligands, with a longer distance between the two ni-
trogen donors, in combination with the bis-zinc(II)-salphen
building block gave 2:2 supramolecular box assemblies both
in solution and in the solid state. Interestingly, the molecular
boxes line-up in the solid state, providing solid-state materi-
als with channels in one direction. The formation of molecu-
lar boxes is not limited to rigid ligands as flexible ligands,
like 1,2-bis(4-pyridyl)ethane, could result in molecular boxes
and porous solid materials, with slightly larger channel sizes.
In the search for materials with smaller sizes we explored
various ditopic nitrogen ligands with a relative short dis-
tance between the two nitrogen donors. According to molec-
ular modeling these could also give molecular boxes, and
potentially porous solid materials, when assembled to the
bis-zinc(IT)-salphen. Unexpectedly, these complexes afford-
ed organic coordination polymers in the solid state, and also
in solution as there was no evidence for unique molecular
box formation. Likely, solvation of the inner structure of the
molecular box plays a crucial role. Solvent molecules, such
as toluene, are unable to occupy the cavities provided upon
formation of small supramolecular box assemblies, and as a
result, the formation of coordination polymers is favored.
Currently, the lower limit in size are boxes and porous mate-
rials thereof, with dimensions of 8x13 A. Interestingly, the
strategy is easily extended to chiral supramolecular boxes
such as assembly (1),:((4S,55)-4,5-di(aminomethyl)-2,2-di-
methyldioxolane),. These (chiral) supramolecular box as-

Chem. Asian J. 2009, 4, 50-57

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

CHEMISTRY

AN ASIAN JOURNAL

semblies are potentially useful for chiral separations, which
we are currently exploring.””!

Experimental Section

General

Molecular modeling was performed using semi-empirical (PM3-tm) cal-
culations using the Spartan software or the Titan software. All reagents
were purchased from commercial suppliers and used without further pu-
rification. The bis-Zn"-salphen complex 1 was synthesized according to a
published procedure.™” The crystal structures (1),:(5), and (1),:(6), were
published previously.” Both (1),(2), and (1),/(3), were crystallized from
a mixture of CH,Cl, and CH;CN.

Crystal Structure Determination

X-ray intensities were collected on a Nonius KappaCCD diffractometer
with rotating anode and Moy, radiation (graphite monochromator, A=
0.71073 A) at a temperature of 150(2) K. The structures were solved by
Patterson methods (DIRDIF99™ for (1),+(2), and (1),((S.5)-3),) and re-
fined with SHELXL-97*" against F* for all reflections. The drawings,
structure calculations, and checking for higher symmetry were performed
with the program PLATON." Where present, disordered solvent mole-
cules were taken into account by back-Fourier transformation with
PLATON-SQUEEZE."!

X-ray crystal structure determination of 1),(2),:
CgHgN,O4Zn,+C H N, +disordered solvent, M,=1210.26[*], 0.09x
0.20x0.25 mm?; triclinic, Pl(no. 2); a=11.314(2), b=11.393(3), c=
14.964(3) A, a=103.942(18), [=94.954(15), y=106.655(13)°, V=
1768.3(7) A*; Z=1, p=1.137 gem[*], £=0.725 mm~'[*]; 40808 reflec-
tions were measured up to a resolution of (SinO/A)y=0.59 A~'. An ab-
sorption correction based on multiple measured reflections was applied
(correction range 0.60-0.94); 6245 reflections were unique (R;,=0.067).
The unit cell contains two voids with a solvent accessible volume of
about 127 A%, A difference Fourier map indicated the presence of disor-
dered CH,Cl,. Their contribution to the structure factors was secured by
back-Fourier transformation with the SQUEEZE procedure in the pro-
gram PLATON. A total of 35 electrons were recovered with this proce-
dure per void, consistent with approximately one CH,Cl, molecule. 413
Refined parameters, 42 restraints; R (5010 reflections F>40(F)): R1=
0.0467, wR2=0.1075; R (all data): R1=0.0561, wR2=0.1135; GOF=
1.049; residual electron density between —0.33 and 0.46 ¢ A=, Note that
the asterisk behind some of the numerical crystallographic data denotes
the values without the contribution of the disordered solvent molecules.
CCDC 693460 contains the supplementary crystallographic data for
this compound. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre at www.ccdc.cam.ac.uk/data_
request/cif.

X-ray crystal structure determination of 1),-3).:
Ci3,H,7,NOsZn,+CogH;, N +disordered solvent, M, =2684.93[*], orange-
red block 0.05x0.08x0.22 mm?®; monoclinic, P2, (no. 4); a=13.8348(5),
b=39.310(2), c¢=15.3517(8) A, f=93.328(2)°, V=8334.9(7) A%, Z=2,
p=1.070 gem[*], £=0.622 mm'[*]; 21799 reflections were measured
up to a resolution of (sin6/1),.=0.54 A~'. An absorption correction
based on multiple measured reflections was applied (correction range
0.81-0.97); 21799 reflections were unique. The unit cell contains four
voids with a solvent accessible volume of about 280 A* and four voids
with a volume in the range of 112 to 144 A®. The difference map did not
give a clear indication of the nature of their disordered content that was
taken into account with the PLATON/SQUEEZE procedure. 65 and 32
electrons were recovered from the two types of voids, consistent with
about 12 disordered CH,Cl, molecules in the unit cell. 806 Refined pa-
rameters, 1169 restraints; R (14936 reflections F>40(F)): R1=0.0609,
wR2=0.1474; R (all data): R1=0.0876, wR2=0.1603; GOF =1.066; re-
sidual electron density between —0.40 and 0.69 e A=, Note that the aster-
isk behind some of the numerical, crystallographic data denotes the
values without the contribution of the disordered solvent molecules.
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CCDC 693461 contains the supplementary crystallographic data for this
compound. These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_
request/cif.

Acknowledgements

‘We gratefully acknowledge NWO-CW for financial support.

[1] For some reviews see: a) M. Fujita, K. Umemoto, M. Yoshizawa, N.
Fujita, T. Kusukawa, K. Biradha, Chem. Commun. 2001, 509-518;
b) K. Biradha, M. Fujita, Perspective in Supramolecular Chemistry,
Crystal Design, Structure and Function, Vol. 7 (Ed.: G. R. Desiraju),
Wiley, England, 2003, pp. 211-239; c¢) M. Fujita, M. Tominaga, A.
Hori, B. Therrien, Acc. Chem. Res. 2005, 38, 369-378.

C.H.M. Amijs, G.P.M. vanKlink, G. van Koten, Dalton Trans.
2006, 308327 and references therein.

a) S. Kitagawa, R. Kitaura, S. Noro, Angew. Chem. 2004, 116, 2388 —
2430; Angew. Chem. Int. Ed. 2004, 43, 2334-2375; b) S. Kitagawa,
K. Uemura, Chem. Soc. Rev. 2005, 34, 109-119; c¢) K. Uemura, R.
Matsuda, S. Kitagawa, J. Solid State Chem. 2005, 178, 2420-2429;
d) S. Kitagawa, S. Noro, T. Nakamura, Chem. Commun. 2006, 701 -
707; e) T. Uemura, S. Horike, S. Kitagawa, Chem. Asian J. 2006, 1,
36-44.

Catalysis by a coordination network a) M. Fujita, Y.J. Kwon, S.
Washizu, K. Ogura, J. Am. Chem. Soc. 1994, 116, 1151-1152; b) O.
Ohmori, M. Fujita, Chem. Commun. 2004, 1586-1587.

For reviews see: a) H. L. Ngo, W. Lin, Top. Catal. 2005, 34, 85-92;
b) B. Kesanli, W. Lin, Coord. Chem. Rev. 2003, 246, 305-326; c) H.
Jiang, W. Lin, J. Am. Chem. Soc. 2006, 128, 11286—11297 and refer-
ences therein.

Catalysis by a hydrogen-bonded network: a) K. Enzo, T. Ezuhara,
M. Koyanagi, H. Masuda, Y. Aoyama, J. Am. Chem. Soc. 1997, 119,
4117-4122; b) See for a review: Y. Aoyama, Top. Curr. Chem. 1998,
198, 131-161.

[7] P. H. Dinolfo, J. T. Hupp, Chem. Mater. 2001, 13, 3113-3125.

[8] S. A. Barnett, N. R. Champness, Coord. Chem. Rev. 2003, 246, 145—
168; b) R.J. Hill, D.-L. Long, N. R. Champness, P. Hubberstey, M.
Schroder, Acc. Chem. Res. 2005, 38, 335-348.

[9] C. Janiak, Dalton Trans. 2003, 2781-2804.

[10] G. Férey, C. Mellot-Draznieks, C. Serre, F. Millange, Acc. Chem.
Res. 2005, 38, 217-225 and references therein.

[11] C.J. Kepert, Chem. Commun. 2006, 695-700.

[12] J. D. Wuest, Chem. Commun. 2005, 5830-5837 and references there-
in.

[13] For some reviews see: a)J.-H. Chou, M. E. Kosal, H.S. Nalwa,
N. A. Rakow, K. S. Suslick, The Porphyrin Handbook, Vol. 6 (Eds.:
K. M. Kadish, K. M. Smith, R. Guilard), Academic Press, Orlando,
FL, 2000, pp. 43-132; b) T. Imamura, K. Fukushima, Coord. Chem.
Rev. 2000, 7198, 133-156; c¢) K. S. Suslick, N. A. Rakow, M. E. Kosal,
J-H. Chou, J. Porphyrins Phthalocyanines 2000, 4, 407-413;
d) A. K. Burrell, D. L. Officer, P. G. Plieger, D. C. W. Reid, Chem.
Rev. 2001, 101, 2751-2796.

[14] For some reviews see: a) I. Goldberg, Chem. Eur. J. 2000, 6, 3863 —
3870; b) I. Goldberg, Chem. Commun. 2005, 1243-1254.

[15] a) M. E. Kosal, K. S. Suslick, J. Solid State Chem. 2000, 152, 87-98;
b) K. S. Suslick, P. Bhyrappa, J.-H. Chou, M. E. Kosal, S. Nakagaki,
S. R. Smithenry, S. R. Wilson, Acc. Chem. Res. 2005, 38, 283-291.

[16] See for some examples: a) Y. Diskin-Posner, 1. Goldberg, Chem.
Commun. 1999, 1961-1962; b) Y. Diskin-Posner, S. Dahal, 1. Gold-
berg, Angew. Chem. 2000, 112, 1344-1348; Angew. Chem. Int. Ed.
2000, 39, 1288-1292; ¢) Y. Diskin-Posner, G. K. Patra, I. Goldberg,
Eur. J. Inorg. Chem. 2001, 2515-2523; d) Y. Diskin-Posner, G. K.
Patra, I. Goldberg, J. Chem. Soc. Dalton Trans. 2001, 2775-2782;
e) Y. Diskin-Posner, G.K. Patra, 1. Goldberg, Chem. Commun.

2

—

3

[t

[4

=

5

[t

[6

—

56 www.chemasianj.org

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

J.N. H. Reek et al.

2002, 1420-1421; f) M. Vinodu, Z. Stein, I. Goldberg, Inorg. Chem.
2004, 43, 7582-7584; g) S. George, 1. Goldberg, Cryst. Growth Des.
2006, 6, 755-762.

[17] See for some examples: a) P. Bhyrappa, S. R. Wilson, K. S. Suslick,
J. Am. Chem. Soc. 1997, 119, 8492-8502; b) M. E. Kosal, J.-H.
Chou, S.R. Wilson, K.S. Suslick, Nat. Mater. 2002, 1, 118-121;
c) D. W. Smithenry, S.R. Wilson, K. S. Suslick, Inorg. Chem. 2003,
42,7719-7721.

[18] See for some examples: a) G. D. Fallon, M. A.-P. Lee, S. J. Langford,
P.J. Nichols, Org. Lett. 2002, 4, 1895-1898; b) L. Carlucci, G. Ciani,
D. M. Proserpio, F. Porta, Angew. Chem. 2003, 115, 331-336;
Angew. Chem. Int. Ed. 2003, 42, 317-322.

[19] a) A. W. Kleij, M. Lutz, A.L. Spek, P.W.N. M. van Leeuwen,
J.N. H. Reek, Chem. Commun. 2005, 3661-3663; b) A. W. Kleij,
D. M. Tooke, A. L. Spek, J. N. H. Reek, Eur. J. Inorg. Chem. 2005,
4626-4634; c) A. W. Kleij, J. N. H. Reek, Chem. Eur. J. 2006, 12,
4218-4227.

[20] A.W. Kleij, M. Kuil, D. M. Tooke, M. Lutz, A.L. Spek, J.N. H.
Reek, Chem. Eur. J. 2005, 11, 4743-4750; D. M. Tooke, M. Lutz,
A. L. Spek, J. N. H. Reek, Chem. Eur. J. 2005, 11, 4743—-4750.

[21] See Supporting Information for an X-ray molecular structure for
1-(CH;CN+H,0).

[22] PM3 calculations (Spartan) on the coordination polymer assembly
((1),(2);) and supramolecular box assembly ((1),-(2),+2) indicate a
difference of 5.2 kcalmol ' in favor of the former species.

[23] Salen ligands/complexes appended with pyridine groups at the 3 and
3’ positions have been recently used to construct loop- and square-
type assemblies. See: a) K. E. Splan, A. M. Massari, G. A. Morris,
S.-S. Sun, E. Reina, S. T. Nguyen, J. T. Hupp, Eur. J. Inorg. Chem.
2003, 2348-2351; b) S.-S. Sun, C. Stern, S. T. Nguyen, J. T. Hupp, J.
Am. Chem. Soc. 2004, 126, 6314-6326.

[24] For a recent study on the use of salphen ligands in supramolecular
coordination polymers, see: a) S. Kitagawa, H. Yamamoto, J. Tatsu-
mi, EP 1362637, 2003; b) R. Kitaura, G. Onoyama, H. Sakamoto, R.
Matsuda, S.-I. Noro, S. Kitagawa, Angew. Chem. 2004, 116, 2738-
2741; Angew. Chem. Int. Ed. 2004, 43, 2684-2687.

[25] A. Mulder, J. Huskens, D. N. Reinhoudt, Org. Biomol. Chem. 2004,
2, 3409-3424 and references therein.

[26] L. Baldini, P. Ballester, A. Casnati, R. M. Gomila, C. A. Hunter, F.
Sansone, R. Ungaro, J. Am. Chem. Soc. 2003, 125, 14181 -14189.

[27] H. L. Anderson, S. Anderson, J. K. M. Sanders, J. Chem. Soc. Perkin
Trans. 1 1995, 2231-2245.

[28] K. A. Connors, Binding Constants: The Measurements of Molecular
Complex Stability, Wiley, New York, 1987, p. 350.

[29] The box diameter (13.9 A) of (1),(5), is the average of the diagonal
distances of 13.8182(4) A and 13.9915(4) A.

[30] The box diameter (15.7 A) of (1),(6), is the average of the diagonal
distances of 14.9849(9) A and 16.3884(9) A.

[31] a) A. W. Kleij, M. Kuil, D. M. Tooke, A.L. Spek, J.N. H. Reek,
Inorg. Chem. 2005, 44, 7696-7698; b) A. W. Kleij, M. Kuil, M. Lutz,
D. M. Tooke, A.L. Spek, P.C.J. Kamer, P. W. N. M. van Leeuwen,
J.N. H. Reek, Inorg. Chim. Acta 2006, 359, 1807-1814.

[32] a) A. L. Singer, D. A. Atwood, Inorg. Chim. Acta 1998, 277, 157-
162; b) G. A. Morris, H. Zhou, C.L. Stern, S.T. Nguyen, Inorg.
Chem. 2001, 40, 3222-3227; c) E. Szlyk, A. Wojtczak, A. Surdykow-
ski, M. Gozdzikiewicz, Inorg. Chim. Acta 2005, 358, 467—-475.

[33] We tried to examine the binding curves in the present studies with
software developed by Prof. C. A. Hunter (Sheffield University,
UK). See also: A.P. Bisson, C. A. Hunter, J. C. Morales, K. Young,
Chem. Eur. J. 1998, 4, 845-851.

[34] a) T. S. Koblenz, J. Wassenaar, J. N. H. Reek, Chem. Soc. Rev. 2008,
37, 247-262; b) J. Rebek, Jr., Angew. Chem. 2005, 117, 2104-2115;
Angew. Chem. Int. Ed. 2005, 44, 2068—-2078.

[35] The Zn-N, . distance of 2.13 A is an average of 4 different Zn—
Nomine distances: 2.147 (6), 2.146(6), 2.110(8) and 2.103(6) A.

[36] The Zn-Zn distance of 7.36 A between the two bis-zinc(II)-salphen
building blocks connected by the ditopic nitrogen ligand is an aver-
age of two independent distances: 7.3611(15) and 7.3496(15) A.

Chem. Asian J. 2009, 4, 50-57


http://dx.doi.org/10.1039/b008684n
http://dx.doi.org/10.1039/b008684n
http://dx.doi.org/10.1039/b008684n
http://dx.doi.org/10.1021/ar040153h
http://dx.doi.org/10.1021/ar040153h
http://dx.doi.org/10.1021/ar040153h
http://dx.doi.org/10.1039/b505354d
http://dx.doi.org/10.1039/b505354d
http://dx.doi.org/10.1039/b505354d
http://dx.doi.org/10.1039/b505354d
http://dx.doi.org/10.1002/ange.200300610
http://dx.doi.org/10.1002/ange.200300610
http://dx.doi.org/10.1002/ange.200300610
http://dx.doi.org/10.1002/anie.200300610
http://dx.doi.org/10.1002/anie.200300610
http://dx.doi.org/10.1002/anie.200300610
http://dx.doi.org/10.1039/b313997m
http://dx.doi.org/10.1039/b313997m
http://dx.doi.org/10.1039/b313997m
http://dx.doi.org/10.1016/j.jssc.2005.05.036
http://dx.doi.org/10.1016/j.jssc.2005.05.036
http://dx.doi.org/10.1016/j.jssc.2005.05.036
http://dx.doi.org/10.1039/b511728c
http://dx.doi.org/10.1039/b511728c
http://dx.doi.org/10.1039/b511728c
http://dx.doi.org/10.1002/asia.200600074
http://dx.doi.org/10.1002/asia.200600074
http://dx.doi.org/10.1002/asia.200600074
http://dx.doi.org/10.1002/asia.200600074
http://dx.doi.org/10.1021/ja00082a055
http://dx.doi.org/10.1021/ja00082a055
http://dx.doi.org/10.1021/ja00082a055
http://dx.doi.org/10.1039/b406114b
http://dx.doi.org/10.1039/b406114b
http://dx.doi.org/10.1039/b406114b
http://dx.doi.org/10.1007/s11244-005-3792-6
http://dx.doi.org/10.1007/s11244-005-3792-6
http://dx.doi.org/10.1007/s11244-005-3792-6
http://dx.doi.org/10.1016/j.cct.2003.08.004
http://dx.doi.org/10.1016/j.cct.2003.08.004
http://dx.doi.org/10.1016/j.cct.2003.08.004
http://dx.doi.org/10.1021/ja0633013
http://dx.doi.org/10.1021/ja0633013
http://dx.doi.org/10.1021/ja0633013
http://dx.doi.org/10.1007/3-540-69178-2_4
http://dx.doi.org/10.1007/3-540-69178-2_4
http://dx.doi.org/10.1007/3-540-69178-2_4
http://dx.doi.org/10.1007/3-540-69178-2_4
http://dx.doi.org/10.1021/cm010176f
http://dx.doi.org/10.1021/cm010176f
http://dx.doi.org/10.1021/cm010176f
http://dx.doi.org/10.1016/S0010-8545(03)00121-8
http://dx.doi.org/10.1016/S0010-8545(03)00121-8
http://dx.doi.org/10.1016/S0010-8545(03)00121-8
http://dx.doi.org/10.1021/ar040174b
http://dx.doi.org/10.1021/ar040174b
http://dx.doi.org/10.1021/ar040174b
http://dx.doi.org/10.1039/b305705b
http://dx.doi.org/10.1039/b305705b
http://dx.doi.org/10.1039/b305705b
http://dx.doi.org/10.1039/b515713g
http://dx.doi.org/10.1039/b515713g
http://dx.doi.org/10.1039/b515713g
http://dx.doi.org/10.1039/b512641j
http://dx.doi.org/10.1039/b512641j
http://dx.doi.org/10.1039/b512641j
http://dx.doi.org/10.1016/S0010-8545(99)00211-8
http://dx.doi.org/10.1016/S0010-8545(99)00211-8
http://dx.doi.org/10.1016/S0010-8545(99)00211-8
http://dx.doi.org/10.1016/S0010-8545(99)00211-8
http://dx.doi.org/10.1002/(SICI)1099-1409(200006/07)4:4%3C407::AID-JPP256%3E3.0.CO;2-5
http://dx.doi.org/10.1002/(SICI)1099-1409(200006/07)4:4%3C407::AID-JPP256%3E3.0.CO;2-5
http://dx.doi.org/10.1002/(SICI)1099-1409(200006/07)4:4%3C407::AID-JPP256%3E3.0.CO;2-5
http://dx.doi.org/10.1021/cr0000426
http://dx.doi.org/10.1021/cr0000426
http://dx.doi.org/10.1021/cr0000426
http://dx.doi.org/10.1021/cr0000426
http://dx.doi.org/10.1002/1521-3765(20001103)6:21%3C3863::AID-CHEM3863%3E3.3.CO;2-M
http://dx.doi.org/10.1002/1521-3765(20001103)6:21%3C3863::AID-CHEM3863%3E3.3.CO;2-M
http://dx.doi.org/10.1002/1521-3765(20001103)6:21%3C3863::AID-CHEM3863%3E3.3.CO;2-M
http://dx.doi.org/10.1039/b416425c
http://dx.doi.org/10.1039/b416425c
http://dx.doi.org/10.1039/b416425c
http://dx.doi.org/10.1006/jssc.2000.8672
http://dx.doi.org/10.1006/jssc.2000.8672
http://dx.doi.org/10.1006/jssc.2000.8672
http://dx.doi.org/10.1021/ar040173j
http://dx.doi.org/10.1021/ar040173j
http://dx.doi.org/10.1021/ar040173j
http://dx.doi.org/10.1039/a906085e
http://dx.doi.org/10.1039/a906085e
http://dx.doi.org/10.1039/a906085e
http://dx.doi.org/10.1039/a906085e
http://dx.doi.org/10.1002/(SICI)1521-3757(20000403)112:7%3C1344::AID-ANGE1344%3E3.0.CO;2-8
http://dx.doi.org/10.1002/(SICI)1521-3757(20000403)112:7%3C1344::AID-ANGE1344%3E3.0.CO;2-8
http://dx.doi.org/10.1002/(SICI)1521-3757(20000403)112:7%3C1344::AID-ANGE1344%3E3.0.CO;2-8
http://dx.doi.org/10.1002/(SICI)1521-3773(20000403)39:7%3C1288::AID-ANIE1288%3E3.0.CO;2-Y
http://dx.doi.org/10.1002/(SICI)1521-3773(20000403)39:7%3C1288::AID-ANIE1288%3E3.0.CO;2-Y
http://dx.doi.org/10.1002/(SICI)1521-3773(20000403)39:7%3C1288::AID-ANIE1288%3E3.0.CO;2-Y
http://dx.doi.org/10.1002/(SICI)1521-3773(20000403)39:7%3C1288::AID-ANIE1288%3E3.0.CO;2-Y
http://dx.doi.org/10.1002/1099-0682(200109)2001:10%3C2515::AID-EJIC2515%3E3.0.CO;2-0
http://dx.doi.org/10.1002/1099-0682(200109)2001:10%3C2515::AID-EJIC2515%3E3.0.CO;2-0
http://dx.doi.org/10.1002/1099-0682(200109)2001:10%3C2515::AID-EJIC2515%3E3.0.CO;2-0
http://dx.doi.org/10.1039/b104961p
http://dx.doi.org/10.1039/b104961p
http://dx.doi.org/10.1039/b104961p
http://dx.doi.org/10.1039/b202791g
http://dx.doi.org/10.1039/b202791g
http://dx.doi.org/10.1039/b202791g
http://dx.doi.org/10.1039/b202791g
http://dx.doi.org/10.1021/ic049374+
http://dx.doi.org/10.1021/ic049374+
http://dx.doi.org/10.1021/ic049374+
http://dx.doi.org/10.1021/ic049374+
http://dx.doi.org/10.1021/cg050624m
http://dx.doi.org/10.1021/cg050624m
http://dx.doi.org/10.1021/cg050624m
http://dx.doi.org/10.1021/cg050624m
http://dx.doi.org/10.1021/ja971093w
http://dx.doi.org/10.1021/ja971093w
http://dx.doi.org/10.1021/ja971093w
http://dx.doi.org/10.1038/nmat730
http://dx.doi.org/10.1038/nmat730
http://dx.doi.org/10.1038/nmat730
http://dx.doi.org/10.1021/ic034873g
http://dx.doi.org/10.1021/ic034873g
http://dx.doi.org/10.1021/ic034873g
http://dx.doi.org/10.1021/ic034873g
http://dx.doi.org/10.1021/ol025935u
http://dx.doi.org/10.1021/ol025935u
http://dx.doi.org/10.1021/ol025935u
http://dx.doi.org/10.1002/ange.200390074
http://dx.doi.org/10.1002/ange.200390074
http://dx.doi.org/10.1002/ange.200390074
http://dx.doi.org/10.1002/anie.200390106
http://dx.doi.org/10.1002/anie.200390106
http://dx.doi.org/10.1002/anie.200390106
http://dx.doi.org/10.1039/b503708e
http://dx.doi.org/10.1039/b503708e
http://dx.doi.org/10.1039/b503708e
http://dx.doi.org/10.1002/ejic.200500628
http://dx.doi.org/10.1002/ejic.200500628
http://dx.doi.org/10.1002/ejic.200500628
http://dx.doi.org/10.1002/ejic.200500628
http://dx.doi.org/10.1002/chem.200500875
http://dx.doi.org/10.1002/chem.200500875
http://dx.doi.org/10.1002/chem.200500875
http://dx.doi.org/10.1002/chem.200500875
http://dx.doi.org/10.1002/chem.200500227
http://dx.doi.org/10.1002/chem.200500227
http://dx.doi.org/10.1002/chem.200500227
http://dx.doi.org/10.1002/ejic.200200665
http://dx.doi.org/10.1002/ejic.200200665
http://dx.doi.org/10.1002/ejic.200200665
http://dx.doi.org/10.1002/ejic.200200665
http://dx.doi.org/10.1021/ja037378s
http://dx.doi.org/10.1021/ja037378s
http://dx.doi.org/10.1021/ja037378s
http://dx.doi.org/10.1021/ja037378s
http://dx.doi.org/10.1002/ange.200352596
http://dx.doi.org/10.1002/ange.200352596
http://dx.doi.org/10.1002/ange.200352596
http://dx.doi.org/10.1002/anie.200352596
http://dx.doi.org/10.1002/anie.200352596
http://dx.doi.org/10.1002/anie.200352596
http://dx.doi.org/10.1039/b413971b
http://dx.doi.org/10.1039/b413971b
http://dx.doi.org/10.1039/b413971b
http://dx.doi.org/10.1039/b413971b
http://dx.doi.org/10.1021/ja036758a
http://dx.doi.org/10.1021/ja036758a
http://dx.doi.org/10.1021/ja036758a
http://dx.doi.org/10.1039/p19950002231
http://dx.doi.org/10.1039/p19950002231
http://dx.doi.org/10.1039/p19950002231
http://dx.doi.org/10.1039/p19950002231
http://dx.doi.org/10.1021/ic050858v
http://dx.doi.org/10.1021/ic050858v
http://dx.doi.org/10.1021/ic050858v
http://dx.doi.org/10.1016/j.ica.2005.06.069
http://dx.doi.org/10.1016/j.ica.2005.06.069
http://dx.doi.org/10.1016/j.ica.2005.06.069
http://dx.doi.org/10.1016/S0020-1693(97)06131-8
http://dx.doi.org/10.1016/S0020-1693(97)06131-8
http://dx.doi.org/10.1016/S0020-1693(97)06131-8
http://dx.doi.org/10.1021/ic010090o
http://dx.doi.org/10.1021/ic010090o
http://dx.doi.org/10.1021/ic010090o
http://dx.doi.org/10.1021/ic010090o
http://dx.doi.org/10.1016/j.ica.2004.07.065
http://dx.doi.org/10.1016/j.ica.2004.07.065
http://dx.doi.org/10.1016/j.ica.2004.07.065
http://dx.doi.org/10.1002/(SICI)1521-3765(19980515)4:5%3C845::AID-CHEM845%3E3.0.CO;2-%23
http://dx.doi.org/10.1002/(SICI)1521-3765(19980515)4:5%3C845::AID-CHEM845%3E3.0.CO;2-%23
http://dx.doi.org/10.1002/(SICI)1521-3765(19980515)4:5%3C845::AID-CHEM845%3E3.0.CO;2-%23
http://dx.doi.org/10.1039/b614961h
http://dx.doi.org/10.1039/b614961h
http://dx.doi.org/10.1039/b614961h
http://dx.doi.org/10.1039/b614961h
http://dx.doi.org/10.1002/ange.200462839
http://dx.doi.org/10.1002/ange.200462839
http://dx.doi.org/10.1002/ange.200462839
http://dx.doi.org/10.1002/anie.200462839
http://dx.doi.org/10.1002/anie.200462839
http://dx.doi.org/10.1002/anie.200462839

Supramolecular Boxes and Coordination Polymers CHEMISTRY

AN ASIAN JOURNAL
[37] a) S.J. Wezenberg, A. W. Kleij, Angew. Chem. Int. Ed. 2008, 47, [39] G.M. Sheldrick, SHELXL-97, Universitit Gottingen, Gottingen
2354-2364; b) G. Li, W. Yu, J. Ni, T. Liu, Y. Liu, E. Sheng, Y. Cui, (Germany), 1997.
Angew. Chem. Int. Ed. 2008, 47, 1245-1249. [40] A. L. Spek, J. Appl. Crystallogr. 2003, 36, 7-13.
[38] P.T. Beurskens, G. Beurskens, R. de Gelder, S. Garcia-Granda, [41] P. van der Sluis, A. L. Spek, Acta Crystallogr. Sect. A 1990, 46, 194—
R. O. Gould, R. Israel, J. M. M. Smits, DIRDIF99 program system, 201.
Technical Report of the Crystallographic Laboratory, University of Received: March 31, 2008
Nijmegen (The Netherlands), 1999. Revised: October 10, 2008

Published online: November 17, 2008

Chem. Asian J. 2009, 4, 50-57 © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemasianj.org 57


http://dx.doi.org/10.1002/anie.200702468
http://dx.doi.org/10.1002/anie.200702468
http://dx.doi.org/10.1002/anie.200702468
http://dx.doi.org/10.1002/anie.200702468
http://dx.doi.org/10.1002/anie.200704347
http://dx.doi.org/10.1002/anie.200704347
http://dx.doi.org/10.1002/anie.200704347
http://dx.doi.org/10.1107/S0021889802022112
http://dx.doi.org/10.1107/S0021889802022112
http://dx.doi.org/10.1107/S0021889802022112
http://dx.doi.org/10.1107/S0108767389011189
http://dx.doi.org/10.1107/S0108767389011189
http://dx.doi.org/10.1107/S0108767389011189

