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WE 24581k, ERERED H 4B A VLM R (MOFs) AL B I A ML (COF-Cages) I 3 & . 38 i 38 BE I K
MOF B He i dE, AP A7, WET IR MOF #AbE IS B2 LANIE. 186 CD-MOF,
¥ CD-MOF {12 3E55 8, 158 Cross-linked p-#F#1%5 MOF (CL-CD-MOF), /)5 %2408 71538 Z-cage, 7 HM
WMEHT(TGA). LAMGIEAR) FAE LR (CP/MAS/NMR) Y i 25 £ Fh 43 W T Bt o5 Mk AT R AE. 45 kW], %
J7iEAR B HLIE(Z-cage) BATREE I 7 B8 A0 AL AR ), IF HLELRTHIRIA 862 mPeg . fEAnf HRSLEG, TE/KISAME T,
¥ y-CD FISF 2K WIS #2081 4 th 2t & i CL-polymer 5 Z-cage BA RIAI ARG, Filid X520 K AT
SH(PXRDYIHAT THEH, RBLT MOF MR A BOETEE HlAA R A g 1 i PR . 33Xk &5 i M TEHL—F LAt MOF
BN BB IE Z-cage 1IHR, 1-HAET ZALRAAPIELZ 0] 5 14 2 R AR (1 842

RERE  FOWIRE SJEAHUERATEL AHUE; TG, BRE BE

Fabrication of Porous Covalent Organic Cages Using Cyclodextrin
Metal-Organic Frameworks as Template

Li, Yangxue*“ Zhang, Wei” Liu, Zhi’ Xie, Zhigang”
(“ State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry,

Chinese Academy of Sciences, Changchun 130022)
(* Food Inspection of Jilin, Changchun 130103)

Abstract Up to now, transformation from metal-organic frameworks (MOFs) to covalent-organic-framework cages
(COF-Cages) has never been reported. In this report, we demonstrated an organic cage crystal by transformation from a cy-
clodextrin MOF, via boronate ester formation reaction of the hydroxy groups of y-CD inside the MOF, followed by removing
of the potassium ions. First, CD-MOF was prepared by reacting y-CD with potassium hydroxide in aqueous solution, fol-
lowed by vapor diffusion of methanol into the solution according to a previously reported method. The freshly prepared
CD-MOF was first washed with ethanol three times to remove the unreacted reactants, and then added to an ethanol saturated
solution of benzene-1,4-diboronic acid (BDBA) in a screw top vial, and kept it at 65 ‘C for three days. Finally, the covalent
cross-linked CD-MOF (CL-CD-MOF) was obtained by forming boronic esters between the uncoordinated C(2) and C(3)
hydroxy groups of contiguous y-CD sides in the CD-MOF pores and two boronic acid groups of BDBA. Structure and physi-
cal properties of Z-Cages were fully characterized by thermogravimetric analysis (TGA), infrared spectroscopy (IR), powder
X-ray diffraction (PXRD), solid-state >C and "B cross polarization/magic angle spining nuclear magnetic resonance
(CP/MAS/NMR) spectroscopy and nitrogen adsorption. The obtained zeolite-type organic cage (Z-cage) displayed a targeted
sodalite-type crystalline structure and permanent porosity with the surface area of 862 m’sg~'. A control experiment, the
cross-linked polymers (CL-polymer) formed by coupling of y-CD and BDBA was done by solvothermal method. The
CL-polymer was synthesized by the heating of a 4 . 1 stoichiometric mixture of BDBA and y-CD at 90 ‘C for three days in
dimethylformamide (DMF). PXRD pattern shows the CL-polymer are crystalline, but totally different with Z-cage. This
transformation from crystalline inorganic-organic hybrid framework of MOF to crystalline organic framework provides an
opportunity for crystal-to-crystal in porous crystalline materials.

Keywords y-CD; metal-organic frameworks; organic cage; cross-linked polymers; templated synthesis
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Bl1 CD-MOF, CL-CD-MOF 1 Z-cage $ifi i1 T B MAEE(SEM) I %
EIEE R

Figure 1 Optical microphotographs of (a) CD-MOF, (b) CL-CD-MOF,
and (c) Z-cage. SEM images of (d) CD-MOF, (e) CL-CD-MOF, and (f)
Z-cage

B2 Z-cage &4t T EAMBH(TEM) B4
Figure 2 The TEM images of Z-cage

Bl 3 (a) HZAN BDBA AL b UL Ie 8 £k ) IE 5 TR (I
TR (b) TTARIERAL (o) Jr8hA BUA HLIE I BRAR AR A
Figure 3 (a) Linear BDBA ligand linked to the square (blue) defined by
four boronic acid esters; (b) the model sodalite-type cage, (c) the model
ball and stick view of sodalite-type Z-cage

HEFEN 9-CD BRI, A 2 &R R R R
W, T, NA p-CD By AR R S kA
BT TN TIE NS, N TAESE Z-cage MRS Ry, &
NIRERL T SR 454, K Material Studio FfJ Forcite Plus
BEARLIEAT PRALPT. 25 M AL PXRD T [ 5 5256
WML E PXRD i AR WA, A BHIGE 7 HARRE 1
FEIREERI(E da). S5 EIR, CL-CD-MOF 5 CD-MOF
AR A 5 g, B T 31 B 8 S B R A Bk i A
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Bl 4 (a) CD-MOF(%), CL-CD-MOF(¥#), Z-cage(4l), 1l Z-cage(B2)1) X-S A RATH K, (b) CL-CD-MOF(3)H Z-Cage(£1)MLL 4L, ()
Z-cage [FIEZ BC FAZRIFEIR G, (d) CD-MOF, CL-CD-MOF 1 Z-cage [{JAGE 7347

Figure 4 (a) PXRD patterns of CD-MOF (green), CL-CD-MOF (blue), Z-cage (red) and Z-Cage simulated (black). (b) IR spectra of CL-CD-MOF
(black) and Z-Cage (red). (c) Solid-state *C NMR spectrum for Z-cage. (d) TGA curves of CD-MOF, CL-CD-MOF and Z-cage
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Figure 5 Nitrogen sorption isotherms (a) and pore size distribution (b)
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Figure 6 TEM image (a) and SEM image (b) of CL-polymer, (¢) PXRD patterns for CL-polymer and Z-cage
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Figure 7 Schematic illustration of the synthesis of Z-cage. (a) crystalli-
zation, (b) cross-linking reaction and (c) removal of coordinated metal
ions
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