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Reaction of [2.2]paracyclophane with silver(l) heptafluorobutyrate (AgCsF;CO,) has isolated three novel networks:
[Aga(pcp)(CsF7COz)d]-pyrene (1), [Ada(pcp)(CsF7CO2)d]-phen (phen = phenanthrene) (2), and [Aga(pcp)(CsF7CO2)d):
fluorene (3), and an intercalation compound [Ags(pcp)(CsF7CO,)4]-2benzene (4). All the four complexes exhibit
two-dimensional (2D) sheet structures in which AgCsF,CO, form an infinite chain and pcp acts as linkage. 1, 2,
and 3 show 2D flat sheets with cavities in which guest molecules are situated, whereas 4 exhibits 2D zigzag layers
between which guest benzene molecules are intercalated. Pcp shows u-di-;7'-1% coordination mode in 1, u-tetra-
n* coordination mode in 2 and 3, and w-tetra-»? coordination mode in 4. The reversible guest exchanges were
observed between complex 1, 2, or 3 and intercalation compound 4. It is unprecedented for metal—organic inclusion
complexes that the guest exchange occurs where the guest is the solute molecule. Furthermore, 4 can release the
guest, and the original framework was completely recovered after reincorporation of benzene. It should be noted
that 4 can incorporate pyrene, phen, and fluorene to give 1, 2, and 3, respectively, after desorption.

1. Introduction of porous materials that show crystal-to-crystal transforma-
tion caused by anion excharige guest exchange-However,

Metal-organic frameworks containing cavities or channels . . :
reports on reversible structural transformation triggered by

have attracted current interest because of their functional
PO o : : guest exchange are very spafs&urthermore, almost all
properties; ® which are similar to those found in zeolites

revious work on the development of porous metaiganic
and clays. Recent effort has been devoted to the developmen¥J P porous | tn‘g
ramework has featured N- or O-donor bridging ligafds.
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Silver(l) [2.2]Paracyclophane Compounds

polymers of pcp with silver(l) are not constructed by metal
heteroatom bonds, but by metat bonds. Although previous
work has already demonstrated the possibility of using
metal-7 bonds to direct the assembly of netwoPk&ports

are still lacking on networks with cavities that are constructed
by metal- bonds and show reversibly structural transfor-
mation triggered by guest exchange. Herein, we present thre
novelcomplexes[Agpcp)(GFCO,)4|-pyrened), [Aga(pep)(GF-
CQO,)4]-phen @) (phen= phenanthrene), and [A@cp)(GF+-
CQOy)4]-fluorene B)and anintercalation compound [oacp)(GF-
CQO,)4]-2benzened) that are constructed by pcp and silver(l)
through metat-r bonds.1, 2, and3 can exchange the guest
molecules (pyrene, phen, and fluorene, respectively) for
benzene to affordt and vice versa4 exhibits reversible
incorporation of guest benzene. Additionallycan incor-
porate pyrene, phen, and fluorene to gite?2, and 3,
respectively, after desorption.

2. Experimental Section

2.1. General ProceduresAll reactions and manipulations were

[Aga(pcp)(CsFCO,)4)-Fluorene (3).The colorless block crystals
of 3 were obtained similarly to those &fusing fluorene (900 mg,
6.0 mmol) instead of pyrene. Yield: 100.8 mg (60802 mmol,
60.8%). Anal. Calcd for Agrs0sCssHze: C 32.60, H 1.58.
Found: C 32.33, H 1.58H NMR (acetoneds): 6 H 3.08 (CH,
pcp), 6.55 (phenyl, pcp), 3.92 (GHluorene), 7.277.41, 7.56-
7.60, 7.85-7.88 (CH, fluorene). IR (KBrp/cm™1): 3045 (w),

©946 (w), 2926 (w), 2850 (W), 1684 (s), 1638 (s), 1488 (), 1451

(m), 1411 (m), 1338 (m), 1215 (s), 1121 (s), 1085 (m), 967 (m),
934 (m), 895 (m), 817 (m), 755 (m), 717 (m), 634 (w), 596 (w),
528 (w), 507 (w).

[Aga(pcp)(CsF,CO,)4)-2Benzene (4)The colorless plate crystals
of 4 were grown similarly to those df using benzene instead of
mesitylene in the absence of pyrene. Yield: 37.4 mg (202
mmol, 22.7%). Anal. Calcd for AdF140,CooH14 C 32.07, H 1.71.
Found: C 32.56, H 1.781 NMR (acetoneds): 6 H 3.08 (CH,
pcp), 6.54 (phenyl, pcp), 7.35 (phenyl, benzene). IR (KB 1):
3033 (w), 3013 (w), 2952 (w), 2927 (w), 2888 (w), 2852 (w), 1683
(s), 1500 (w), 1411 (m), 1340 (m), 1275 (m), 1222 (s), 1189 (s),
1158 (m), 1117 (m), 1083 (m), 968 (m), 935 (m), 895 (w), 815
(m), 766 (w), 743 (m), 719 (m), 623 (w), 586 (w), 527 (w), 509
w

).
carried out under an argon atmosphere by using the usual Schlenk 2 3 x.ray Data Collection and Structure Solutions and
techniques. Solvents were dried and distilled by standard methodsRefinements.A suitable single crystal was fixed on a glass fiber,

prior to use and stored under argon. Reagent gradesAgO,

and pcp were purchased from Aldrich. All chemicals were used as
received without further purification. IR spectra were recorded with
KBr disks on a JASCO FT/IR 8000 spectromefetNMR spectra
were measured on a JEOL GSX 270 FT NMR spectrometer at room

and diffraction data were collected at123 °C on a Rigaku/MSC
Mercury CCD diffractometer with graphite-monochromated Mo K
radiation ¢ = 0.71070 A) by thev scan mode. A symmetry-related
absorption correction was applied that resulted in transmission
factors ranging from 0.72 to 0.85 fdr 0.72 to 0.97 for2, 0.70 to

temperature. Tetramethylsilane was used as an internal referenc) 77 for3, and 0.67 to 0.84 fos. All intensity data were corrected

for IH NMR measurement. TG analyses were performed &CLO
min~—t under nitrogen on Rigaku Thermo plus TG 8120. X-ray
powder diffraction (XRPD) data were recorded on a Rigaku Rint
2000 diffractometer at 40 kV, 80 mA for Cud(1 = 1.54056 A),
with a scan speed of 8 deg/min and step size of ViA626 at
room temperature.

2.2. Syntheses. [Adpcp)(CsF7CO,)4)-Pyrene (1).This complex
was prepared by mixing AgE,CO, (128.2 mg, 0.4 mmol) and
pcp (20.8 mg, 0.1 mmol) in 10 mL of mesitylene. After stirring
for 30 min, pyrene (303.9 mg, 1.5 mmol) was added to the resulting
solution for reaction for 30 min. The colorless block crystald of
were obtained by layering tetradecane onto the above solution
for 1 week at room temperature. Yield: 112.5 mg (664102
mmol, 66.4%). Anal. Calcd for Agr.g0sCsgHos: C 34.03, H
1.55. Found: C 34.17, H 1.59H NMR (acetoneds): 6 H 3.09
(CH,, pcp), 6.54 (phenyl, pcp), 8.68.30 (CH, pyrene). IR
(KBr, v/cm™1): 3046(w), 2951(w), 2926(w), 2887(w), 2851(w),
1681(s), 1503(w), 1411(m), 1340(m), 1275(m), 1220(s), 1157(s),
1117(m), 1083(m), 967(m), 936(m), 893(w), 852(m), 840(m),
743(m), 719(m), 623(w), 586(w), 528(w), 509(w).

[Aga(pcp)(CsF,CO,)4]-Phen (2. The colorless plate crystals of
2 were grown similarly to those af using phenanthrene (276.4
mg, 1.5 mmol) instead of pyrene. Yield: 103.1 mg (647.02
mmol, 61.7%). Anal. Calcd for Agr.g0sCseH2e: C 33.08, H 1.57.
Found: C 34.17, H 1.59H NMR (acetoneds): 6 H 3.09 (CH,
pcp), 6.54 (phenyl, pcp), 8.648.07, 8.09, 8.188.30 (CH, phen).

IR (KBr, v/cm™1): 3046 (w), 2950 (w), 2926 (w), 2887 (w),
2850 (w), 1681 (s), 1503 (w), 1411 (m), 1340 (m), 1275 (m), 1220
(s), 1157 (s), 1117 (m), 1083 (m), 967 (m), 936 (m), 893 (w), 852
(m), 840 (m), 743 (m), 719 (m), 625 (w), 586 (w), 527 (w), 509
(w).

(9) Munakata, M.; Wu, L. P.; Ning, G. LCoord. Chem. Re 200Q 198
171 and references therein.

for Lorentz and polarization effects.

The structures were solved by direct meth#tsxpanded using
Fourier technique¥', and refined by full-matrix least-squares
analysis orf? using the TEXSAN packag@All the full-occupancy
non-hydrogen atoms were refined anisotropically. Hydrogen atoms
of all the structures were introduced in their calculated positions.
They were included but not refined in the refinement. Details of
X-ray experiments and crystal data are summarized in Table 1.
Selected bond lengths and bond angles are given in Table 2.

3. Results and Discussion

3.1. Description of the Structures. [Ag(pcp)(CsFCO,)4]
Pyrene (1).The crystal structure df revealed that the two
crystallographically independent silver(l) ions are bridged
by two carboxylate groups to form an eight-membered ring
Ag.0,C, (Figure 1a), and these rings are linked by-AQ
bonds via rhombic ring AgD, to give a ribbonlike chain
consisting of AgGFCO, as shown in Figure 1b. The
tetrahedral Ag(1) is bonded to three O atoms from three
different GF.CO,~ groups and one C atom of pcp, while
Ag(2) is bridged by three O atoms from three distinct
C3FCO,~ groups and one €C moiety of pcp. The AgO
and Ag-C bond lengths are comparable with those of
silver(l)—polycyclic aromatic hydrocarbo¥.Each pcp ex-
hibits au-di-1*-1? coordination mode symmetrically bridging
four metal centers with two on the upper and lower decks

(10) Gilmore, C. JJ. Appl. Crystallogr 1984 17, 42.

(11) Beurskens, P. TDIRDIF94: Direct Methods for Different Struc-
tures: An Automatic Procedure for Phase Extension and Refinement
of Different Structure FactorsTechnical ReportCrystallographic
Laboratory: University of Nijimegen, The Netherlands, 1994; Vol.1.

(12) TEXSAN-TEXRAY: Structure Analysis Packadelecular Structure
Corp.: The Woodlands, TX, 1985 and 1999.
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Table 1. Crystallographic Data for Complexds-4

Kuroda-Sowa et al.

1 2 3 4
formula CGigH26Ag4F2508 CaeH26Ag4F260s CasH26Ag4F260s CaaH28Ag4F260s
formula weight 1694.16 1670.13 1658.12 1648.13
crystal system triclinic triclinic triclinic triclinic
space group P1(No. 2) P1(No. 2) P1(No. 2) P1(No. 2)

a, 10.8793(2) 10.902(5) 10.863(2) 9.89(2)
b, A 11.7609(6) 10.925(5) 10.971(2) 10.02(2)
c, A 12.4095(3) 12.147(3) 12.106(2) 15.19(3)
o, deg 69.23(1) 100.18(3) 100.290(5) 105.59(2)
p, deg 80.88(2) 100.079(3) 99.477(2) 93.567(10)
y, deg 58.91(1) 114.218(4) 114.622(6) 118.26(2)
Vv, A3 1270.8(2) 1248.4(9) 1243.6(4) 1245(3)
z 1 1 1 1
p, glen® 2.214 2221 2.214 2.197
u, cnrt 16.72 17.00 17.06 17.03
measured reflections 5656 5450 5412 5424
observed reflectiond & 20(1)) 5250 4385 4489 4079
parameters 436 397 402 421
Ra(1 > 20(1)) 0.032 0.033 0.031 0.043
R.°(all data) 0.078 0.069 0.072 0.090
23 1IFol = IFell/ZIFol. P [ZW(Fe® — FAF 3 W(Fo)? Y2
Table 2. Selected Bond Lengths (A) and Angles (deg) for Complexed
Complex1
Ag(1)—0(1) 2.278(2) Ag(2yO(2)" 2.442(3) Ag(1)-O(4y 2.447(2)
Ag(1)—C(6) 2.527(3) Ag(2)-C(3) 2.691(3) Ag(2)-0O(3) 2.293(2)
Ag(2)—0(2) 2.337(2) Ag(1)yO(4) 2.319(2) Ag(2)C(2) 2.461(4)
O(1)-Ag(1)—0(4) 129.91(9) 0O(2)—-Ag(2)—C(3) 125.43(8) O(2rAg(2)—C(2) 105.51(9)
O(4)—-Ag(1)—O(4y 74.89(8) O(3)-Ag(2)—C(3) 94.82(9) 0O(2)—Ag(2)—C(2) 132.54(9)
O(4)-Ag(1)—C(6) 115.67(9) O(LyAg(1)—O(4y 105.45(7) O(3)yAg(2)—C(2) 120.6(1)
0O(2)—-Ag(2)—0(3) 122.33(6) O(LyAg(1)—C(6) 108.84(9) C(2rAg(2)—C(3) 31.15(9)
0O(2)'—=Ag(2)—0(3) 92.63(9) O(4)y-Ag(1)—C(6) 116.0(1)
0O(2)-Ag(2)—C(3) 136.64(9) O(2rAg(2)—0(2)" 78.15(8)
Complex2
Ag(1)—0(1) 2.338(3) Ag(2y0(4)’ 2.440(2) Ag(2y-0(4) 2.328(2)
Ag(1)—0(3) 2.274(2) Ag(1yO(1y 2.422(3) Ag(2)-C(3) 2.455(4)
Ag(2)—0(2) 2.269(3) Ag(1)C(1) 2.478(4)
O(1)—-Ag(1)—O(1)y 76.01(10) O(2yAg(2)—C(3) 113.53(9) O(3YAg(1)—C(1) 118.3(1)
O(1)-Ag(1)—C(1) 113.26(9) O(4yAg(2)—C(3) 110.92(10) O(2yAg(2)—0O(4)' 96.73(9)
O(1y—Ag(1)—C(1) 108.1(1) O(1yAg(1)—0(3) 123.70(9) O(4yAg(2)—0O(4)’ 78.71(9)
0O(2)-Ag(2)—0(4) 126.09(10) O(1y-Ag(1)—0O(3) 106.72(9) O(4)—Ag(2)—C(3) 127.5(1)
Complex3
Ag(1)—-0(1) 2.338(2) Ag(2y0(4)’ 2.435(2) Ag(2y-0(4) 2.328(2)
Ag(1)—0(3) 2.270(2) Ag(1yO(1y 2.422(3) Ag(2)-C(3) 2.458(4)
Ag(2)—0(2) 2.265(3) Ag(1)C(1) 2.495(3)
O(1)—-Ag(1)—O(1y 76.30(9) O(2yAg(2)—C(3) 113.67(9) O(3yAg(1)—C(1) 117.1(1)
O(1)-Ag(1)—C(1) 112.71(9) O(4yAg(2)—C(3) 110.97(9) O(2yAg(2)—0(4)’ 98.94(8)
O(1y—Ag(1)—C(1) 105.6(1) O(1yAg(1)—0(3) 124.91(9) O(4yAg(2)—0(4)" 79.08(9)
0(2)—-Ag(2)—0(4) 126.59(9) O(1yAg(1)—0(3) 108.88(9) O(4)—Ag(2)—C(3) 123.5(1)
Complex4
Ag(1)—0(1) 2.245(3) Ag(2yC(2) 2.373(5) Ag(2y-O(4y' 2.420(6)
Ag(1)—0O(@3) 2.418(6) Ag(1)-0O(3) 2.481(4) Ag(2)yC(3) 2.619(4)
Ag(1)—C(6) 2.432(4) Ag(1yC(1) 2.422(6)
Ag(2)—0(4) 2.432(3) Ag(2y-0(2) 2.240(3)
O(1)-Ag(1)—0(3) 89.8(1) O(2yAg(2)—-C(2) 136.8(2) O(3y-Ag(1)—C(1) 123.4(2)
O(1)-Ag(1)—C(1) 132.8(2) O(4yrAg(2)—0(4)’ 85.9(1) C(1)-Ag(1)—C(6) 33.2(2)
O(3)—Ag(1)—0O(3) 86.0(1) O(4Y—Ag(2)—C(3) 92.1(2) O(2yAg(2)—0(4)’ 100.1(2)
O(3)—Ag(1)—C(6) 99.4(1) O(1yAg(1)—0O(@3) 92.5(1) O(2y-Ag(2)—C(3) 167.1(2)
O(3Y—Ag(1)—C(6) 98.6(2) O(1yAg(1)—C(6) 166.1(2) O(4yAg(2)—C(3) 89.8(1)
0O(2)—Ag(2)—0(4) 95.1(1) O(3yAg(1)—C(1) 119.4(1) C(2yAg(2)—C(3) 31.9(2)

of pcp, respectively. The pcp molecules link the ribbonlike by 11.9 A and packed in an offset mode as shown in Figure
AgC3FCO; chains to form a weblike two dimensional (2D) 2. No significant interactions are found between interlayers.
flat sheet with cavities of 8.% 7.9 A (Figure 1b), which [Ag4(pcp)(CsF7CO,)4]-Phen (2). Similar to complexl,

are occupied by pyrene via edge-to-facex interactions the crystal structure of revealed that2 contains a 2D
between host pcp and guest pyrene with the shortestnetwork with cavities of 8.0« 7.5 A, in which the disordered
H4---C24 distance of 2.70 A4 The 2D layers are separated phen molecules are situated via edge-to-facer interac-
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(b) 79A

ribbonlike chain

Figure 1. (a) Molecular structure and atom numbering schemel,of
showing the complete coordination of silver. (b) View down thaxis of

1, showing the 2D sheet with ordered pyrene molecules in cavities. All H
atoms and gF7 groups are omitted for clarity.

Figure 2. View along thea-axis of 1, showing the moieties of anions
perpendicular to the 2D flat layers and the offset packing of adjacent layers.

of three O atoms from three differentf&CO,~ anions and
one C atom of pcp, respectively, as shown in Figure 3a. The
Ag—C and Ag-0O bond lengths are listed in Table 2. Ligand
pcp exhibits unprecedentedtetra#* coordination modé®
The separation of adjacent sheets is about 11.8 A. Complex
3 is isostructural with comple®, which is confirmed by
the X-ray crystallographic determination (Table 1, Figure
S1) and X-ray powder diffraction patterns (Figure S2).
[Aga(pcp)(CsF7CO,)4]-2benzene (4)The molecular struc-
ture and atom numbering scheme&ére given in Figure
4a. Both Ag(1) and Ag(2) are four-coordinate, including one
C=C moiety of pcp and three O atoms of three different
carboxylate groups, respectively. Each pcp exhjbitstra-
n? coordination mode. The guest benzenes are intercalated
between the zigzag layers via edge-to-facer interactions
between host pcp and guest benzene withEldistance of
2.80 A as shown in Figure 5. Distance between benzene
molecules is 4.0 A, which is beyond the distance for
significantr—o interactions. There also exist cavities of 7.8
A x 7.0 A'in the intralayer. However, two4E; groups are
on the upper and lower of each cavity, respectively, which
do not allow guest benzene molecules to enter the cavities
(Figure 4b). The separation of interlayers is 14.9 A, which
is much larger than those df-3 and consistent with the
longerc of 4, which corresponds to the separation between
the adjacent layers.

tions between host pcp and guest phen with the shortest 3.2. Guest ExchangeTG analysis revealed thatcannot

H3:--C23 distance of 2.70 A. However, the coordination
environment of silver(l) is different from that ih Both the

liberate pyrene mainly because of the higher boiling point
of pyrene, and the structural decomposition occurs at about

tetrahedral Ag(1) and Ag(2) are four coordinate, consisting 195 °C. However,1 can exchange pyrene for benzene by

(13) (a) Ning, G. L.; Wu, L. P.; Sugimoto, K.; Munakata, M.; Kuroda-
Sowa, T.; Maekawa, MJ. Chem. Soc., Dalton Tran4999 2529.
(b) Munakata, M.; Wu, L. P.; Kuroda-Sowa, T.; Maekawa, M.;
Suenaga, Y.; Ning, G. L.; Kojima, T. Am. Chem. S0d998 120
8610. (c) Fukui, K.; Imamura, A.; Yonezawa, T.; Nagata, BTil.
Chem. Soc. Jprl961, 34, 1076. (d) Griffith, E. A. H.; Amma, E. L.
J. Am. Chem. Sod 974 96, 743.

(14) (a) Nishio, M.; Hirota, M.; Umezawa, Ythe CH/pi InteractionWiley-
VCH: New York,1998 (b) Burley, S. K.; Petsko, G. ASciencel985
229 23.

(15) (a) Munakata, M.; Wu, L. P.; Ning, G. L.; Kuroda-Sowa, T.; Maekawa,
M.; Suenaga, Y.; Maeno, Nl. Am. Chem. Sod 999 121, 4968. (b)
Munakata, M.; Liu, S. Q.; Konaka, H.; Kuroda-Sowa, T.; Maekawa,
M.; Nakagawa, H.; Yamazaki, Yinorg. Chem 2004 43, 633. (c)
Maekawa, M.; Hashimoto, N.; Sugimoto, K.; Kuroda-Sowa, T.;
Suenaga, Y.; Munakata, Mnorg. Chim. Acta2003 344, 143 and
references therein. (d) Schmidbour, H.; Bublak, W.; Huber, B.; Reber,
G.; Milller, G. Angew. Chem., Int. Ed. Endl986 25, 1089. (e) Swann,
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Figure 3. (a) Molecular structure and labeling &f (b) Viewed along the
crystallographicalk-axis, the 2D network oR with disordered phenan-
threne molecules in cavities. All H atoms angFggroups are omitted for
clarity.

immersingl in benzene for 30 min to produde, which is
confirmed by'H NMR spectra inds-acetone and X-ray
powder diffraction (XRPD) pattertH NMR resonances of
pyrene were observed inbut were not observed g, while
those of benzene appeareddia (Figures S3a and S4b). In
light of 'H NMR spectra of4a, two molecules of benzene

Kuroda-Sowa et al.

Figure 4. (a) Molecular structure and atom numbering schemé. ¢b)
View along thec-axis of4, showing 2D network with benzene molecules
up and down the layer. All H atoms are omitted for clarity.

intercalation compound by guest exchange. The initial
framework of1 undergoes a change to become tha4 ak
shown in Figure 7; for instance, a peak (001) at 7.#4 1
moves to 5.94for 4, exhibiting an apparent increase in the
layer distance, whereas peaks at 9.2M0) and 9.68(101)

per formula unit were included, which is consistent with that for 1 shift to 10.04 and 10.64 for 4, respectively, indicating
of 4. Figure 6a-c shows the simulated powder pattern shrinking along planes (100) and ()0lotably,4acan again

obtained from the single-crystal data 4f the observed
XRPD pattern of as-synthesized samgleand that of4a,

exchange benzene for pyrene to affotd (= 1) by
immersing 4a in pyrene/tetradecane for 6 days at room

respectively. The good agreement between the peaks in theemperaturé® and the original framework of was com-

three diagrams demonstrates that the structurelafs
identical with that of4, and complexl changes into

1690 Inorganic Chemistry, Vol. 44, No. 6, 2005

pletely recovered as shown in Figure-8a The XRPD
pattern oflaobtained by guest exchange is virtually identical



Silver(l) [2.2]Paracyclophane Compounds

2D zigzag .

Figure 5. View along thea-axis of 4, showing the guest molecules of
benzene intercalated between the zigzag layers.
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Figure 6. XRPD patterns o#, 4a, and derivatives ofla. (a) Simulated
XRPD pattern upon a single crystal 4f (b) Observed XRPD pattern of
as-synthesized sample(c) 4aobtained by immersing in benzene for 30
min. (d) 4b obtained by placingta at 150°C for 15 min. (e)4c obtained
by immersing4b in benzene for 1 h. (f}d obtained by exposingb to
benzene vapor for 1 day.

with that of as-synthesized solitl not only with respect

to the positions of the peaks but also the sharpness of the

lines, which illustrates the isostructure band1la. In light
of 'H NMR of 1a (Figure S3b), one molecule of pyrene
was included. These findings show reversible structural
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Figure 7. Comparison of XRPD patterns between as-synthesized sample
1 (a) and4a obtained by guest exchange from pyrene to benzene (b).
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Figure 8. XRPD patterns ofl and its derivatives. (a) Simulated XRPD
pattern upon single-crystal data f (b) Observed XRPD pattern of as-
synthesized samplk (c) 1aobtained through guest exchange by immersing
4ain pyrene/tetradecane for 6 days. (d) obtained through adsorption by
immersing4b in pyrene/tetradecane for 4 days.

transformation between network and intercalation com-
pound4.

(16) Complex4a or 4b cannot dissolve in pyrene/tetradecane, phen/
tetradecane, and fluorene/tetradecane. Insolubility was checkil by
NMR spectra measured with acetotiesolution as illustrated by the
following: after4aor 4b was immersed in pyrene/tetradecane, phen/
tetradecane, or fluorene/tetradecane, the resulting solution was used
to do'H NMR measurements every 12 h during the whole exchange
process, which showed no peak corresponding to [2.2]paracyclophane
from the framework o#a or 4b.
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Scheme 1 days® to producelb, whose structure is the same as that of
1. This can be confirmed by their XRPD patterns that match
in pyrene/tetradecane, [Ag4(pep)(C3F7CO2)4Ipyrene(), very well (Figure 8b and )(/j) as well dﬁe NMR spectra
phen/tetradecane or [Ag4(pep)(C3F7CO2)4lphen (2). (Figure S3c) that show one molecule of pyrene was
fluorene/tetradecane [Ag4(pep)(C3F7CO2)4 Jfluorene(3) incorporated inlb. The same phenomenon was observed
(4 days) when immersing4b in phen/tetradecane or fluorene/tetra-
in pyrene/ tetradecane, decane for 4 days. That igb can incorporate phen and
A F 4 phen/tetradecane or , fluorene as guest molecules to gi2eand 3, respectively
AECDETTOTE) | fuorenetttradecane }’;(ﬁ’f;‘f:)“ (see Supporting Information, Figures S5d, Sée, S7d, and
(Gor5 days) S8e). The above findings indicate that both the incorporation
in benzene (1 hour) of guest benzenes #a (= 4) and the structural transforma-
150 °C by or its vapor (1 day) tion between complexek—3 and intercalation compourdl
evacuation | caused by guest exchange or guest adsorption can take place
(15 min) reversibly.

[Ag4(pep)(C3F7CO7)412benzene(4)

4. Conclusion

Complexes2 and3 show the same exchange behavior as  Herein, we have presented four silver(l) complexes

complex1 (see Supporting Information, Figures S5, S6, S7, constructed by metalr bonds and their attracting properties
and S8). of the reversible structural transformation caused by guest
Itis noteworthy that the guest exchange processes in thiSexchange or guest adsorption (Scheme 1) Comp]ﬂ}x&
study occur where the guest is not only solvent (benzene)are novel 2D networks with cavities that are occupied by
but also solute (pyrene, phen, or fluorene). As we know, the guest molecules. They can exchange pyrene, phen, and
guest exchange processes are very common in a solvateduorene for benzene to give intercalation compoud
system, even for coordination compleX& our knowledge,  respectively, and vice versa. It is very unusual and interesting
this is the first report on the guest exchange between thethat the guest exchange processes occur between the solvated
solvated guest molecules and the solute molecules for metal guest molecules and the solute molecules. Meanwhile,
organic inclusion complexes. complex 4 can reversibly incorporate benzene, and the
3.3. Reversible Incorporation of Benzene in Complex  original framework o4 is recovered when immersinp in
4., 4a(= 4) shows reversible incorporation of benzene. TG benzene fpl h aswell as exposinglb to benzene vapor for
analysis measured by evacuatig at 150°C for 15 min 1 day. Furthermorelb can adsorb pyrene, phen, and fluorene
showed the release of benzene with the weight loss of 9.07%gs guest molecules to give complexis (= 1), 2, and 3,
(Calcd 9.48%) to give benzene-eliminated complexThe  respectively. The present complexies4 and their intriguing
complete elimination of benzene is also supportedy  properties make it possible to construct novel functional
NMR of 4b (Figure S4c), in whichiH NMR resonances of  materials by incorporating photochromic, magnetic, and
benzene were not observed. The resulting complewas  fluorescent guest molecules. Our investigations in this area
then subjected to XRPD analysis against thadafFigure are in progress.
6¢c and d). The XRPD pattern @fb has sharp diffraction ) ) .
peaks, indicating that complesa still appears crystalline Acknowledgment. This work is partially supported by a
even without guest molecules. However, the framework of drants-in-aid for science research (Nos. 14340211 and
4aundergoes slight changes to become thdtoin practice, 16350037) from the Ministry of Education, Science, Sports,

the recovery of the original structure @fa can be ac-  @nd Culture in Japan.

complished by immersingb in benzene fol h (4c) as well Supporting Information Available: Molecular structure and
as by exposingtb to benzene vapor for 1 dayq), which labeling of 3, comparison of XRPD patterns of as-synthesized
is supported by'H NMR spectra (Figure S4d and e) and samplesl, 2, and 3 showing isostructure}H NMR spectra of
XRPD patterns (Figure 6e and f). The peaks in Figure 6¢ complexesl, 2, 3, and4 and their derivatives, XRPD patterns of

and e and f match very well, illustrating the reversible as-synthesized sampl2snd3; crystallographic data for complexes
incorporation of benzene ifia (= 4). 1-4in CIF format. This material is available free of charge via

Importantly,4b can incorporate pyrene as a guest molecule the Intemet at http://pubs.acs.org.

in the process of immersingp in pyrene/tetradecane for 4  1C0400742
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