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Compared to the rigid and robust metairganic frameworks,
recently, there has been growing interest in flexible and dynamic
frameworks, in particular, those that reversibly change their
structures and properties in response to external stimuli. This so-
called “structural dynamism” would be a key principle for high
selectivity, accommodation, and separation of specific molecules,

and at present is regarded as the basis of a new class of practical

materials>3 Hence the design and synthesis of a host framework
that can interact with certain guest molecules in a switchable way
has implications for a generation of advanced materials, with
potential applications for molecular sensing and actuators. Here we
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Figure 1. (a) Honeycomb-like 2D layers of showing a water-filled
channel along the-axis. (b) Pillared-bilayer network of showing the

present the synthesis, structure, and sorption properties of a 2Dchannel along thé-axis. (c) Honeycomb-like 2D layers of dehydrated

bilayer open framework of Cu(II},[Cu(pyrdc)(bpp)](5HO)} » (1)
[pyrdc = pyridine-2,3-dicarboxylate; bpp= 1,3-bis(4-pyridyl)-
propane], which shows reversible sponge-like dynamic bekhavior
with centric-to-acentric structural transformation upon dehydration
rehydration with retention of single crystallinity. The dehydrated
nonporous framework shows a gate-opening phenontefmn

framework,laalong thec-axis. (d) Pillared-bilayer network along theaxis
(the pendent bpp ligand is occupied in the channel).

However, upon exposure @& to water vapor, the virgin framework
regenerates (Figure S3), which is indicative of reversible crystal
transformation.

selective adsorbates at a certain vapor pressure, concomitant with  To shed light on the new structure generated upon dehydration,

a structural transformation to a porous phase correlated with the
hydrogen-bonding interactions.

The frameworK [Cu(pyrdc)(bpp)](5HO)} » (1) was synthesized
by the reaction of Cu(N€), with Nagpyrdc and bpp in KHO/MeOH
medium. The X-ray crystal structure &f@ reveals a 2D bilayer
open framework composed of one Cu(ll), pyrdc, and bpp ligand in
the asymmetric unit (Figure S1). The 2D layer with a honeycomb
motif is composed of the Cu(pyrdc)(pyCH,)s— of the bpp (Figure
1a), which is connected via a “pillar” composed of the pyridine
(py) part of the same bpp ligand to another layer, forming the 2D
pillared-bilayer structure with 3D water-filled channels (Figure 1b).
The bpp ligand shows conformational flexibility along the long
—CH,— chain, which is in a bending conformation with the angle,
py—C—C of 111.50, and the two pyridine rings are in amti
conformation with a dihedral angle of 70.2{5The pillar pyridine
rings are regularly positioned almost parallel to the direction of
the side channels (Figure 1b), and the thickness of the bilayer
galleries is 14.00 A. The open framework has channels with
dimensions of 5.5¢ 3.7 and 2.3x 2.1 A2 along thec- andb-axes,
respectively, and the estimated solvent-accessible void volume is
22.8% of the total crystal volume (Figure 1a and’B).

The TG curve ofl indicates the release of the guest water
molecules up to 85C to give the dehydrated forrha, and at 190
°C, the ligand molecules start to be released (Figure S2). The XRPD
pattern of the dehydrated form shows that the peaks at (002) and

we heated the as-synthesized blue crystal at O0under Ar
atmosphere for 1 h. This transformed the crystal to deep blue, and
single-crystal data were then collected at 1WD (Figure S4).
Structure determinatiShreveals that, upon dehydratiata crystal-

lizes in the acentric and polar space groBpa2; (orthorhombic),

and the Flack’s parameter, 0.502(9), suggests a twinned racemate
crystal. The cell volume decreases by 12.62%, indicating a drastic
contraction of the framework. In the asymmetric unitlaf there

are two crystallographically independent Cu(ll) ions that have the
molecular formula{[Cu(pyrdc)(bpp)}}» (Figure S1). The most
interesting aspect of the dehydrated structure is the presence of
two different 2D layers (Figure 1c); one contains the Cu(1) and
related atoms, while the other contains Cu(2) and related atoms,
and the 2D layers are connected by the one bpp ligand to afford
2D bilayer galleries (Figure 1d). It is noteworthy that another bpp
ligand is pendant and attached to the Cu(2), indicative the breaking
of the Cu-N(bpp) bond, protrudes to the groove of the bilayer,
such that there is no effective open space or channel (nonporous
form) (Figure 1d). The thickness of the bilayer galleries is reduced
to 11.88 A. Upon keeping the dehydrated single crystal in the open
atmosphere for 1 week, we observed that the color of the crystal
slowly changes from dark blue to light bluék), comparable to

the as-synthesized crystal (Figure S4). X-ray structure determination
of the corresponding crystallly) shows that the cell volume

increasef from 3843(2) to 4312(5) A and the space group changes

(111) have been changed, and while some new peaks appear, as f, {he original,Pbcn The full assignment of the structure bb

(012), these compare to the as-synthesized framework, indicating
that structural transformation occurs upon dehydration (Figure S3).

T Kyoto University.
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shows that it is completely converted to the original as-synthesized
framework 1 with regeneration of the CuN(bpp) bond, which
accommodates three water molecules per Cu(ll) in the pore,
showing reversible structural transformation.

10.1021/ja0561439 CCC: $30.25 © 2005 American Chemical Society
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Figure 2. (a) Sorption isotherm for different adsorbatela (i) CO, (195
K); (ii) MeOH; and (iii) EtOH (298 K) (whereP/Py is the relative vapor
pressure). (b) Honeycomb-like 2D layer with €@olecules along the
c-axis. (c) Pillared-bilayer network along theaxis with different CQ
molecules.

We measured the adsorption properties of the well-defined
nonporous framework dfa with different gases (@ N, CO,) as
well as different solvents (MeOH, EtOH) to study the effect of
structural transformation in other adsorbates. The adsorption
isotherms for @ (kinetic diameter= 3.4 A and N, (3.6 A) at 77
K reveal no inclusion by the framework, indicating that there is no
porosity, as revealed by the structure determinatiofhaofFigure
S5). Conversely, C§X3.3 A), regardless of its comparable size to
that of G, and N, can be adsorbed, as illustrated in Figure 2a(i).

CO;,, MeOH, and EtOH sorption correlates with the occurrence of
framework transformation from a nonporous to a porous phase in
the crystal state, which allows guest inclusion.

In conclusion, we have synthesized a novel 2D pillared-bilayer
flexible open framework of Cu(ll) using a mixed ligand system,
which shows sponge-like dynamic behavior with bond breaking
and bond formation triggered by guest removal and inclusion. This
is the first observation of porous to nonporous phase transition of
a dynamic framework, with retention of single crystallinity and
introducing asymmetry into the framework upon dehydration. The
selective gate-opening phenomenon with certain adsorbates is
completely realized by the hydrogen-bonding interaction with
apohost framework, that is, guests are permitted to pass the gate at
specific gate-opening pressures that depend on the strength of the
intermolecular interaction. Earlier reports hypothesizing this gate-
opening and gate-closing phenomehleave now been realized with
the proof provided by single-crystal structure determination.
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The isotherm shows a sudden increase at point | (relative pressur@nternet at http:/pubs.acs.org.

P/P, = 0.23) and attains a saturated level at poinP/R; = 0.41).

The DR plots are almost linear in the higher-pressure region,
suggesting 1.96 molecules of @@re included per Cu(ll) in the
pore, which gives a specific surface area of 600.26gnt. This
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