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Host—guest chemistry in the solid state is one of the most (a) 1008 (b)
classical areas in supramolecular chemistry but still attracts increas-
ing attention as a key subject for the expansion of the scope of
supramolecular chemistry to the next stageontrary to the cases
of homogeneous systems in dilute solutions, complexation/dis-
sociation events in solid-state architectures sometimes trigger
dramatic changes in the structure/property of whole systems, which
might be directly related to the development of more sophisticated
materials, such as sensors, logical gates, and stitregponsive
actuators. In fact, solid-state hosts with dynamically variable
frameworks, including graphitésclays2 coordination polymer-e 0 100200300 400500 {2845 67 8510
and inclusion crystald;g have been extensively studied for the last Time (h) 20 (degree)
two decades. In these traditional intercalation hosts, componentsFigure 1. Desorption/adsorption of«)-2 from/to the cross-linked poly-
are usually connected with each other via noncovalent interactions, Mer: (a) time course of the desorption/adsorption monitored by HPLC and
which are regarded as the origin of the resilience of the resultant () XRD profiles of the cross-linked polymer.

architecture§._At the same time, however, the characteristics of gy5king the finely milled cross-linked polymer (45.0 mg, calculated
noncovalent interactions inevitably limit the physical robustness i, ontain 45umol of the carboxylic aci¢amine pair) in a
and kinetic stability of the resultant architectures. Recently, we and y,athanolic Hél solution at room temperature, the amino alcohol

other groups have devoted efforts to develop novel solid-state hosts(_)_2 in the cross-linked polymer was leached out to the super-

based on the in situ polymerization of mult_icomponent Iiguid natant, and an equilibrium was attained after 340 h, whepensd
crystals? Here we report an unexpected behavpr of a cross-llpked of (—)-2 (69% with respect to the originaH)-2 in the cross-linked
polymer, which was closely related to the behavior of conventional polymer) was desorbed from the cross-linked polymer (Figure 1a).

intercalation hosts; the columnar structural order in the cross-linked Changes in the FT-IR spectra of the cross-linked polymer revealed
polymer was reversibly switched by desorption/adsorption of a guest 4t the desorption process involved only a quite simple ion-
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(Scheme 1). exchange reaction; as the desorption proceeded, the IR absorptions
Scheme 1. Schematic Representation for the Guest-Responsive attributable to the ammoniustarboxylate salt decreased in
Transformation of a Cross-Linked Polymer intensity, whereas those of the free carboxylic acid newly emérged.
0C;H230COCH=CH, (i) Self-assembly As might be expected for a porous composite with a flexible
0C;Hs,0COCH=CH, @ - (ii) Cross-linking framework, a dramatic structural alteration was induced by the
HO 0G4 HppOCOCH=CH, + HOHNHZ ’ removal of the template—<)-2 to diminish the intensities of the

X-ray diffractions attributable to the (010), (110)/(200), and (300)
Q ()2 faces of the rectangular columnar structure (Figure 4i)i® At
the final equilibrium stage, the three diffractions became undetect-
able (Figure 1b, iv). Contrary to the behavior of the three

Desorpti . } . .
es_ogmn diffractions at the small-angle region, a halo at the wide-angle
region, attributed to the loosely packed aliphatic chains, was inert
+Q - toward the removal of{)-2.5
- Adsorption ? In the next stage, we attempted the readsorption of the amino
" XAD RESPONSIVE XRD SILENT alcohol ()-2 to the apo-polymer, a polymer partially lacking the

amine unit, obtained by the above procedufé/hen the apo-

The cross-linked polymer with a columnar ordered structure was polymer (35.5 mg, calculated to contain 40 and&fol of the
prepared by the in situ polymerization of a liquid crystalline carboxylic acid unit and -)-2, respectively) was soaked in a
material, the salt of a polymerizable carboxylic aclj*{ with an methanol solution of {)-2 at room temperature, the adsorption
enantiopure 1,2-amino alcohol —}-2).#¢:>6 The powder XRD readily took place. At an equilibrium state, 2énol of (—)-2 was
analysis of the resultant cross-linked polymer revealed that it still adsorbed to the cross-linked polymer, indicating that the total
retained a rectangular columnar structure, of which the lattice amount of ()-2 in the cross-linked polymer was 79% with respect
parametersg( = 45.2 A, b = 26.8 A) were quite similar to those  to the carboxylic acid units in the cross-linked polymer (Figure
of the original liquid crystalline material (Figure 1b, i). From the 1a). The IR spectroscopy of the resultant cross-linked polymer
cross-linked polymer, the amino alcohet)-2 was desorbed by revealed that the adsorption progressed by the formation of the
treatment with an acidic aqueous solutiohFor example, upon ammonium-carboxylate salt, without accompanying undesired side
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Figure 2. XRD profiles of the cross-linked polymers obtained by the
reconstitution of the amine-deficient polymer with ()2, (ii) (+)-2, (iii)
(=)-3, (V) (+)-3, and (v) (H)-4.

the structure of a guest to be incorporated, and yet the polymer
host possessed an ability to sense the subtle structural difference
between the diastereo/enantio isomers so that the “best fitting” was
achieved only when-f)-2 was used as the guest.

In conclusion, a cross-linked polymer, prepared by the in situ
polymerization of the liquid crystalline salt(—)-2 was found to
work as a host with a flexible framework, of which the structural
order was reversibly switched by changing the amount or shape of
a guest incorporated in the polymer. The unique properties of the
cross-linked polymers based on this concept, compared with
conventional intercalation hosts, such as physical robustness, the
kinetic stability, and size/shape tunabiliyywould lead us to the
further facile manipulation and more profound understanding of
host-guest systems in the solid state.
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an amide and the aminolysis/hydrolysis of the polyacrylate méiety.
To our surprise, the readsorption of)2 to the cross-linked
polymer undoubtedly triggered the reconstitution of the ordered
rectangular columnar structura &€ 45 A, b = 27 A), of which

the lattice parameters were essentially identical to those of the
original polymer before the desorption 6f)-2; three characteristic
diffractions emerged even when only 49% of the carboxylic acid
units in the cross-linked polymer participated in the salt-pair
formation with (-)-2, and their intensities became stronger as the
readsorption proceeded (Figure 1bs-wii). On the other hand, any
other diffraction was not observed through the readsorption process;
the phenomenon strongly suggests that there is little possibility of
the transformation of the cross-linked polymer into another ordered
structure. Thus, the cross-linked polymer prepared here was found
to be highly resilient, although each unit in the polymer was
connected with covalent bonds. As far as we know, this is an
uncommon example of a cross-linked polymer with a dynamic
nature, of which the structural order was reversibly changed by
the adsorption/desorption of a guést.

As reported in our previous work, 1,2-amino alcohols other than
the original guest-)-2 could be incorporated in the cross-linked
polymer#ewhich prompted us to employ several 1,2-amino alcohols
((H)-2, (—)-3, (+)-3, and (+)-4) as triggers to induce the structural
change of the apo-polymer obtained by the acidic desorption of
(—)-2 from the cross-linked polymeér.Quite interestingly, the
resultant polymers exhibited three characteristic diffractions with
d-spacings of 27, 22, and 15 A, strongly suggesting the reconstruc-
tion of the rectangular latticea(= 45 A, b = 27 A) (Figure 2,
ii—Vv). Worth noting is that the adsorption of-}-4 triggered the
reconstruction of theectangularcolumnar structure, although our
previous study revealed that the salt of monomérieith (+)-4
existed as a liquid crystal with hexagonalone @ = 42.2 A)4e
Moreover, there was a significant difference in reconstitution ability
between the original guest-§-2 and its enantio/diastereocisomers
((H)-2, (—)-3, and (+)-3); although the amounts of the re-adsorbed
guests at an equilibrium state were almost identical in all of the
four cases (5165%), the intensities of the diffractions of the

polymers, reconstituted with these three new guests, were about a

half compared with the corresponding diffractions observed in the
reconstitution with )-2 (Figure 2, i vs ii-iv).” From these

observations, we could deduce that the three-dimensional cross-

linking might bring considerable structural constraint on the
resultant polymer, which remained even after the removal of the
original template. As a result, the apo-polymer had a strong

tendency to take the rectangular columnar structure regardless of

for XRD and DSC measurements. A part of this work was supported
by a Grants-in-Aid for Exploratory Research from MEXT, Japan,
the Circle for the Promotion of Science and Engineering, and the
Association for the Progress of New Chemistry.
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preparation of the cross-linked polymer and the desorption/adsorption
of guests from/to the cross-linked polymer. This material is available
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