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Selective and Reversible Guest Adsorption with Retention of Single
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The design and synthesis of discrete molecular metallamacro- Scheme 1. Synthesis of Cu,L, Macrocycle
cyclic rings or cages with differently sized and shaped cavities N

capable of encapsulating guest moieties has attracted much recent N, O

interestt Such materials have great application potential for H

separation processes, recognition, catalysis, and sensor technologies. =Y, Cu(OAc),
During the past decades, numerous synthetic-hgsést systems N EtOH/CH,Cl,

potentially useful as selective capsules for molecular recognition H
and separation have come into betnGompared to polymeric
metal-organic framework materials which are able to retain their
single crystallinity after chemical reaction, guest exchange, tem- LH 1
perature change, or some other physical stim#ikigploration into
single-crystallinity-maintained discrete metallamacrocycles is rarer. interactions (Figure S2). Thermogravimetry (TGA) revealed that
To date, single-crystallinity-maintained discrete metallamacrocycles the two CHCI, guests could be sequentially removed in the
which can both shrink and swell in response to different sizes, temperature ranges of 3426 °C and 252-297 °C, respectively
shapes, and numbers of guests have, to our knowledge, never beeffFigure S2). Single crystals dflose crystallinity after loss of the
described. A few metallamacrocycles which can retain single second CHCl, guest. In the solid state, the &y macrorings
crystallinity after solid-state photoreaction have appeared in the arrange in an ABAB fashion along the crystallogragHidirection
literature very recentl§.The scarcity of such systems is probably to generate channels containing the guest columns (Figures 1 and
due to inherent difficulties in harmonizing the subtle relationship S3).
between “robustness” and “flexibility” in discrete macrocyclic =~ Remarkably, compountiretains its single crystallinity after guest
coordination complexes. loss and even after exchange of different guests. When a single
As we know, discrete metallamacrocycles may be synthesized crystal of 1 was allowed to stand in air for 3 days at room
on the basis of a rational ligand-directed approashe have temperature, the transparent crystaplGuCH,Cl, (2) was produced
recently designed and synthesized a series of bent oxadiazole andFigure 2). The single-crystal structure revealed that one of the two
triazole bridging spacers which are end-capped by pyridine, CHzCl> guests escaped and the remaining one moved-h A
phenylamine, or benzonitrile for construction of coordination from the edge to the center of the ring with a rotation along the
polymers Considering the bent geometry of such spacers, we Cu--Cu axis. There is an interesting change in the unit cell
wondered if these ligands could be used as “organic difsbind parameters upon the removal of one/CH guest. The cell volume
transition metal ions into neutral bimetallic macrorings or cages. decreases by 4.9% but does so in an anisotropic way. The shorter
In this contribution, we report a neutral, breathing binuclear Cu- @axis expands, while the long- and c-axes contract. Upon
(I) macrocyclic host Cpl, based on a new bent organic ligand €xposure of the desolvated sample2ab CH,Cl, vapor for 3 days
LH which can adapt itself to different guests at ambient temperature at room temperature, the X-ray single-crystal analysis indicated that

while retaining single crystallinity. the escaped CHEl, came back and the structure daf was
As shown in Scheme 1, metalationldfi with Cu(OAc), in an regenerated. Interestingly, when a single crystl ofas exposed

EtOH/CH,CI, mixed-solvent system at room temperature afforded t0 CHCk vapor for about 3 days, both GBI, guests in1 were

the neutral metallamacrocycle @13-2CH,Cl in high yield (Sup- ~ replaced by two CHGImolecules, generating a new hogest

porting information). The single-crystal structfi(€igure S1) ofl system Cbl»-2CHCE (3). In addition, 3 could also be obtained
revealed that two deprotonateH ligands act as the desired organic
clips to bind two square-coordinated Cu(ll) ions through two pairs
of terminal N/O chelating sites into a novel neutral bimetallic
distorted rectangular cage. As shown in Figure 1, the opposite Cu
++Cu and Qxadiazoié* * Ooxadiazoledistances in the cage are 8.1 and 8.6
A, respectively. A side view ofl reveals that the two parallel
bridging 2,5-bis (3-phenyl)-1,3,4-oxadiazole ridges are offset by
~3.9 A alopg the direction perpendicular to the rir\g plane. The Figure 1. Top (left) and side (middle) views of the neutral Cu(ll)-bimetallic
other two sides of the rectangular cage are effectively closed by macroring in space-filling mode. The GEl, guest molecules are omitted

the two planar Schiff-base Cu(ll) moieties. Two & guest for clarity in the left view. The crystal packing dfis shown in the right
molecules are trapped inside the cage through wealkd<Cl view. (The guest molecules are shown in space-filling mode.)
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Figure 2. Stick representation of the guest exchange betvleeh

Figure 3. Stick representation & encapsulating CH@lguests (left) and

of the two CHCIl, molecules inl was lost, generatin@. This
indicates that the Gl., host system can recognize g, guests
among these common organic and gas molecules. We also examined
the selective adsorption of single crystalslofvith CH,Cl, and
CHCI; guests. When crystals df or 3 were exposed to a mixed
CH,CI,/CHCI; vapor (molar ratio 1:1) for about 3 days, single-
crystal structure analysis indicated that only Cki@blecules were
selectively adsorbed. Thus, compoutidexhibits a significant
affinity to CHCI; guests. Because all the guest-exchange processes
are carried out in the presence of solvent vapors or gas, we believe
that no dissolution of the complexes occurs.

In summary, we have synthesized an unusual.Geage-like
host complex whose framework can “breathetithout bond
cleavage or metal-coordination-mode change. Most importahtly,
can selectively recognize GBI, and CHC} molecules and adsorb
and desorb them depending on their size, shape, and number with
retention of single crystallinity. Such a property is definitely
important for certain devices. Work is in progress to obtain new
discrete macrocyclic and cage-like hosts generated from other bent
ligands and transition metals.
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X-ray data forl: Monoclinic, P2;/c, a = 12.826(3)b = 14.413(3)c =

14.939(3) A B = 111.948(3), V = 2561.5(9) &, Z = 4, dcaica= 1.460

glemd, Ry (1 > 20(1)) = 0.0603,WR; (I > 20(1)) = 0.1773. For2: P2i/c,

a=12.8545(18) Ap = 14.052(2) (11) Ac = 14.440(2) A3 = 110.881-

(2)°, V = 2436.9(6) B, Z = 4, dearca = 1.419 g/crd, Ry (I > 20(1)) =

0.0512wWR, (I > 20(1)) = 0.1353. Foi3: Monoclinic, P2;/c, a= 13.045-

(2) A, b=14.520(2) Ac=14.917(2) A8 = 112.884(2), V = 2603.1-

(7) A3, Z =4, deaica = 1.524 glcr, Ry (I > 20(1)) = 0.0704,WR; (I >

20(1)) = 0.1911.
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