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1. MOFs Activation

Compound 1 was soaked in DCM solution for 4 h until the crystal color changing from green to deep blue
(see Figure S11), suggesting that the guest molecules and the coordinated H2O was rmoved.S! The
stability of the activated crystal was confirmed by PXRD measurement (see Figure S12). Similar
procedures were performed on 1-NHz, 1-Urea, and HKUST-1, respectively, to get the corresponding
activated MOFs (see Figures S13 and S14).

2. Ibuprofen Absorption Experiment

Ibuprofen was selected as guest to conduct the absorption experiment to verify the pore stability in
solution. The 40 mg activated compound of 1, 1-NH3, or 1-Urea was soaked in ibuprofen solution of 2.0
mL (0.15 mol/L, in cyclohexane) for 24 h. Then, the product was washed with fresh cyclohexane for three
times (3 mL X 3). The crystal phases of the samples contained ibuprofen were characterized by both
optical microscope (see Figure S11) and PXRD (see Figure S12-S14). The content of ibuprofen
incorporated in MOFs were calculated by the 'TH NMR measurement of the digested sample (Figure S15),
the result were summarized in Table S4.

3. Cu(II) Leaking Test after the PO Cycloaddition Experiment

After the reaction PO cycloaddition experiment, 1-Urea and the organic solution was separated by
centrifugation. The obtained organic solution was vaporized under vacuum, the rested oil was treated with
conc. HNO3 (500 uL X 2) and heated at 160 °C for 5 h until near dried, then diluted with ultrapure water.
The solution was then transferred into 25 mL flint glass flask volumetric. The ICP-OES analysis giving a
Cu(Il) content of 0.031 mg/L, which suggested the leak of Cu(Il) was 0.02% in compared with the total
Cu(II) content of 160 mg/L.
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4. Explanation for the Alert B in the checkCIF reports

ALERT B in checkCIF report of compound 1:
PLAT420_ALERT_2 B D-H Without Acceptor O1W --HIWB . Please Check

PLAT420_ALERT_2 B D-H Without Acceptor O1W --HIWA . Please Check

PLAT420_ALERT_2 B D-H Without Acceptor 02W --H2WA . Please Check

PLAT420_ALERT_2 B D-H Without Acceptor 02W --H2WB . Please Check

PLAT420_ALERT_2_B D-H Without Acceptor O3W --H3WB . Please Check

PLAT420_ALERT_2_B D-H Without Acceptor O3W --H3WA . Please Check

PLAT420_ALERT_2 B D-H Without Acceptor 04W --H4WB . Please Check

PLAT420_ALERT_2_B D-H Without Acceptor O4W --H4WA . Please Check

Discussion: These alerts come from the missing of H-Bond acceptors of H,O molecules that coordinated to the Cu(II) ions,
due to the acceptors (the guest molecules) were found highly disordered with weak X-ray diffraction and were squeezed by
Platon.5's

PLAT990_ALERT_1_B Deprecated .res/.hkl Input Style SQUEEZE Job ... ! Note

Discussion: This alert come from the use of squeeze program of Platon software.

ALERT B in checkCIF report of compound 1-NHj:
PLAT420_ALERT_2 B D-H Without Acceptor O1W --HIWB . Please Check

PLAT420_ALERT_2 B D-H Without Acceptor O1W --HIWA . Please Check

PLAT420_ALERT_2 B D-H Without Acceptor 02W --H2WA . Please Check

PLAT420_ALERT_2_B D-H Without Acceptor O3W --H3WA . Please Check

PLAT420_ALERT_2 B D-H Without Acceptor 04W --H4WB . Please Check

PLAT420_ALERT_2_B D-H Without Acceptor 04W --H4WA . Please Check

Discussion: These alerts come from the missing of H-Bond acceptors of H,O molecules that coordinated to the Cu(II) ions,
due to the acceptors (the guest molecules) were found highly disordered with weak X-ray diffraction and were squeezed by
Platon.5's

PLAT990_ALERT_1_B Deprecated .res/.hkl Input Style SQUEEZE Job ... ! Note

Discussion: This alert come from the use of squeeze program of Platon software.

ALERT B in checkCIF report of compound 1-Urea:
PLAT420_ALERT_2 B D-H Without Acceptor 02W --H2WA . Please Check

PLAT420_ALERT_2_B D-H Without Acceptor 01W --H1W . Please Check

PLAT420_ALERT_2_B D-H Without Acceptor 02W --H2WB . Please Check

PLAT420_ALERT_2_B D-H Without Acceptor O3W --H3WA . Please Check

PLAT420_ALERT_2_B D-H Without Acceptor O3W --H3WB . Please Check

PLAT420_ALERT_2_B D-H Without Acceptor 04W --H4WA . Please Check

PLAT420_ALERT_2_B D-H Without Acceptor 04W --H4WB . Please Check

Discussion: These alerts come from the missing of H-Bond acceptors of H,O molecules that coordinated to the Cu(II) ions,
due to the acceptors (the guest molecules) were found highly disordered with weak X-ray diffraction and were squeezed by
Platon.5's

PLAT990_ALERT_1_B Deprecated .res/.hkl Input Style SQUEEZE Job ... ! Note

Discussion: This alert come from the use of squeeze program of Platon software.
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Table S1. Summary of the MOFs Composed of Mixed Tritopic and Ditopic Linkers with SBUs

Year | Code SBU Tritopic linker Ditopic linker
COOH
® COOH
2008 | UMCM-1%2 Q
HOOC O 0 COOH coon
GOOH COOH
2000 | MOF205™ ® O
(DUT6)™ ) ®
HoOC 8 8 COOH COOH
COOH COOH
7 ®
2009 | MOF210%3 I
7z S S O
HOOC O O COOH COOH
COOH OH
®
2013 | MUF-7a% COOH
o S
Hooe COOH COOH COOH
COOH
® COOH
2013 | MIL142a% O
HOOC O 0 COOH coon
GOOH COOH
®
2013 | MIL142b5¢ O
¢ ®
HOOC ® ® COOH COCH
COOH COOH
2013 | MIL142¢% O O
2014 | PCN280%’ @
HOOC O 0 COOH OH
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Z COOH
2016 | MOF9055!°
HOOC | T on
COOH
HOOC
\ /
N—N COOH
/ A\
2017 | FDM-65!! /Cu...Q‘--CU\N
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Table S2. Crystal Data and Structure Refinement for 1, 1-NH3, and 1-Urea.

Compound 1 1-NH; 1-Urea

Empirical formula C70H47Cus02s5 C70H45CusNO2s C70 HasCusNOos

Formula weight 1605.78 1617.77 1618.78

Temperature 298(2) K 298(2) K 150(2)K

Wavelength 1.54178 A 1.54178 A 1.54178 A

Crystal system, space . Orthorhombic, .
Orthorhombic, Cmcm Orthorhombic, Cmcm

group Cmcm

Unit cell dimensions

Volume, Z

Absorption
coefficient

Reflections collected

/ unique

Data / restraints /

parameters
Goodness-of-fit on F?

Final R
[[>2sigma(l)]

indices

R indices (all data)

Largest diff. peak and
hole

a=57.0005(6) A,
b=29.6573(3) A,
C =28.7942(4) A,

48676(1) A3 8
0.438 mm’!

48048 /19653

[R(int) = 0.0306]
19653 /0 / 463

1.061

R;=0.0557, wRy=0.1868

R1 =
0.2004

0.0694, wR, =

0.352 and -0.289¢-A"

a=57.2452(15) A,
b=129.8895(7) A
C=28.5403(12) A,

48833(3) A3, 8
0.679 mm!

21038/21038

[R(int) = 0.076]
21038 /25 /448

1.000

Ry = 0.0917, wR;
0.2512

R; = 0.1463, wR»
0.2934

0.536 and -1.148-A"

a=59.0269(14) A,
b =30.4881(15) A,
c=25.3905(18) A,

45693(4) A3, 8
0.726 mm!

10192 /23295

[R(int) = 0.072]

23295/40/448

0.991

R;=0.0815, wR,=0.2532

R1=0.1192, wR> =0.2787

0.829 and -1.031e-A"
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Table S3 Selected bond lengths [A] and angles [°] for 1, 1-NH;, and 1-Urea.

1
Cul-07 1.9668(18) 07'-Cul-07 89.66(12)
Cul-06 1.9747(17) 07-Cul-06' 168.17(8)
Cul-02W 2.153(3) 07-Cul-06 89.39(8)
Cu2-02 1.945(2) 06'-Cul-06 89.14(11)
Cu2-010 1.958(2) 07-Cul-02W  96.09(9)
Cu2-09 1.9637(17) 06-Cul-02W  95.74(9)
Cu2-03W 2.142(3) 022-Cu2-010 89.70(10)
Cu3-03 1.9504(19) 022-Cu2-013 168.38(10)
Cu3-04 1.9625(19) 022-Cu2-09 89.38(8)
Cu3-04W 2.133(4) 010-Cu2-09 168.21(10)
Cu4-08 1.9461(18) 022-Cu2-03 96.30(12)
Cu4-O1W 2.154(3) 010-Cu2-03W  96.77(12)

Symmetry transformations used to generate equivalent atoms:
WX AY,1/2-Z; 21/2-X,1/2-Y,-Z; *1/2-X,1/24Y,+Z; *1-X +Y,+Z.

1-NH,
Cul-03 1.933(3) 07'-Cul-07 89.66(12)
Cul-O3W 2.174(5) 07-Cul-06' 168.17(8)
Cu2-02 1.933(3) 07-Cul-06 89.39(8)
Cu2-07 1.938(3) 06'-Cul-06 89.14(11)
Cu2-02W 2.131(4) 07-Cul-02W  96.09(9)
Cu3-09 1.953(3) 022-Cu2-010 89.70(10)
Cu3-010 1.961(3) 022-Cu2-01° 168.38(10)
Cu3-04W 2.151(4) 010-Cu2-013 89.26(9)
Cu4-08 1.961(3) 022-Cu2-09 89.38(8)
Cu4-0O1 1.962(3) 010-Cu2-09 168.21(10)
Cu4-O1W 2.120(4) 022-Cu2-03W  96.30(12)

Symmetry transformations used to generate equivalent atoms:
"N-XA4Y,+Z; 2+X,1-Y,1-Z; *1-X,1-Y,1-Z; *3/2-X,1/2+Y,+Z.

1-Urea

Cul-O1 1.923(3) 08-Cul-0Ol1 90.51(17)
Cul-08 1.921(3) 08-Cul-O1! 167.06(12)
Cul-O1W 2.122(4) 08!-Cul-01! 90.51(17)
Cu2-02 1.958(3) 08!-Cul-08 88.2(3)
Cu2-07 1.982(3) 08-Cul-O1W 98.10(13)
Cu2-02W 2.132(3) 02-Cu2-021 88.73(17)
Cu3-04 1.937(3) 02-Cu2-07 90.17(12)
Cu3-O3W 2.097(4) 02-Cu2-02W 96.48(12)
Cu4-06 1.969(3) 07'-Cu2-07 88.10(18)
Cu4-04W 2.108(4) 07-Cu2-02W 96.25(12)

03*-Cu3-03
03-Cu3-04
03-Cu3-04*
04-Cu3-04*
03-Cu3-04W
04-Cu3-04W
08'-Cu4-08
08-Cu4-05
05'-Cu4-05
05-Cu4-01W

03-Cu3-04
03-Cu3-04*
04-Cu3-04*
03-Cu3-04W
04-Cu3-04W
08'-Cu4-08
081-Cu4-05'
08-Cu4-05!
08-Cu4-05
08-Cu4-01W

03%-Cu3-09°
04-Cu3-03?
04-Cu3-09°
04-Cu3-010
04-Cu3-03W
05°-Cu4-05*
05°-Cu4-06
05%-Cu4-06°
05*-Cu4-06
05%-Cu4-04W

88.90(13)
168.23(9)
89.81(9)

89.06(13)
96.10(11)
95.67(11)
89.84(13)
89.27(9)

89.21(13)
95.67(9)

168.23(9)
89.81(9)

89.06(13)
96.10(11)
95.67(11)
89.84(13)
89.27(9)

168.22(8)
89.27(9)

96.10(10)

89.22(12)
167.75(16)
90.07(11)
89.11(12)
97.80(14)
89.67(16)
168.36(14)
168.36(14)
89.41(12)
96.29(12)

Symmetry transformations used to generate equivalent atoms:

"4X,+Y,5/2-Z; *+X,-3-Y,2-Z; 31/2-X - 1/2+Y,+Z; *+X,-2-Y,2-Z; °1-X,-2-Y,2-Z; °1-X +Y,+Z.
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Table S4. Summary of the contents of ibuprofen loaded in the compounds

Compound Formula ibuprofen Content
1 [Cus(TPTC)3(BPDC)o.5]-4.8(ibuprofen) 0.65 g/g
1-NH; [Cus(TPTC)3(BPDC-NH2)o.5]-5.2(ibuprofen) 0.70 g/g
1-Urea [Cus(TPTC)3(BPDC-Urea)o.s]-4.6(ibuprofen) 0.61 g/g
'

4 }j_ fL\_J'\

Figure S1. The asymmetry unit of 1, where 5/2 Cu?", 3/2 TPTC*, 1/4 of BPDC?* and 5/2 H20 were found.
(Cu: green, C: light gray, O: red, H: yellow, H atoms in the ligands were omitted for clarity).
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Figure S2. TG curves of compound 1, 1-NH; and 1-Urea.
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1 simulated PXRD
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Figure S3. Simulated PXRD pattern (up) and PXRD patterns for pristine 1 (down).
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Figure S4. Excerpts of 'H NMR spectra of compound 1 digest sample dissolved in DMSO-ds. Ratio of
HsTPTC/H2BPDC=1:0.17 (5.9:1) comes from the integration of Hz in H3TPTC and He in H2BPDC, which
was stoichiometric consistent with the value of 6:1 deduced from the formula of 1.
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Figure S5. The asymmetry unit of 1-NHz, where 5/2 Cu?*, 3/2 TPTC*, 1/4 of BPDC-NH2* and 5/2 H20 were
found.

Figure S6. The asymmetry unit of 1-Urea, where 5/2 Cuz+, 3/2 TPTC?", 1/4 of BPDC-Urea® and 5/2 H20
were found. BPDC-Urea? was found two-fold disordered. Due to the week X-ray diffraction, the C=0 group

of the urea group cannot be located from the differential map.

—_— 1-NH2 simulated PXRD

>
-“5 T T T T T T T 1
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k=
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T T T T T T T T T 1
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Figure S7. Simulated PXRD pattern (up) and PXRD patterns for pristine 1-NHz (down).
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MM —— 1-Urea simulated PXRD pattern ~ (a)
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Figure S8. PXRD patterns of 1-Urea: (a) simulated on the basis of single crystal, (b) as-synthesized sample,
(c) recovered sample for 1 running reaction, and (d) recovered sample for 5 running reaction.
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Figure S9. Excerpts of '"H NMR spectra and the integration of 1-NH; digest sample dissolved in DMSO-ds.
Ratio of H3sTPTC/H2BPDC-NH2 = (1.0/4) : (0.08/2) = 6.2:1 comes from the integration of Hz in H3TPTC and
He in H2BPDC-NH2, which was stoichiometric consistent with the value of 6:1 deduced from the formula of

1-NH,.

12000

Hs 11000
" = H; 10000

r i

j g H 9000

H 3
J .

HsTPTC

H,BPDC-Urea [P0

7000

-1000

Figure S10. Excerpts of 'H NMR spectra of 1-Urea digest sample dissolved in DMSO-ds. Ratio of
513



HsTPTC/H2BPDC-Urea = (1.0/4) : (0.08/2) = 6.2:1 comes from the integration of H2 in H3TPTC and He¢in
H2BPDC-Urea, which was stoichiometric consistent with the value of 6:1 deduced from the formula of

1-Urea.

Pristine ;0o g
. " rﬁ“ e

1 ‘ —= - |

L F d e

1-NH:=

1Ureai —)& Ieha

Figure S11. The photographs of single crystal of 1, 1-NHz and 1-Urea (left), the corresponding DCM
exchanged samples (middle), and ibuprofen absorbed samples (right).
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Figure S12. PXRD patterns of 1, DCM exchanged of 1, and ibuprofen adsorbed in 1.
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_— 1-NH2 simulated PXRD
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Figure S13. PXRD patterns of 1-NHz, DCM exchanged of 1-NH>, and ibuprofen adsorbed in 1-NH>.
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Figure S14. PXRD patterns of 1-Urea, DCM exchanged of 1-Urea, and ibuprofen adsorbed in 1-Urea.
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Figure S15. 'H NMR (DMSO-ds) spectra for the digested samples of 1 (a), 1-NH; (b), and 1-Urea (c)
adsorbed ibuprofen as well as pure ibuprofen (d). The contents of the ibuprofen can be calculated from the
integration of Hz in H3TPTC and He in ibuprofen, which give the ratio of ibuprofen /H3TPTC = 1.61, 1.72 and
1.53 for 1, 1-NHj>, and 1-Urea, respectively.
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Figure S16. Summary of cycloaddition of PO and COz2 conversion for the reused catalysis 1-Urea of the 5
runs.

S17



Reference

S1. Kim, H. K.; Yun, W. S.; Kim, M.-B.; Kim, J. Y.; Bae, Y.-S.; Lee, J. D.; Jeong N. C. A Chemical Route to
Activation of Open Metal Sites in the Copper-Based Metal-Organic Framework Materials HKUST-1 and
Cu-MOF-2. J. Am. Chem. Soc. 2015, 137, 10009—-10015.

S2. Koh, K.; Wong-Foy, A. G.; Matzger, A. J. A Crystalline Mesoporous Coordination Copolymer with High
Microporosity. Angew. Chem., Int. Ed. 2008, 47, 677-680.

S3. Furukawa, H.; Ko, N.; Go, Y. B.; Aratani, N.; Choi, S. B.; Choi, E.; Yazaydin, A. O.; Snurr, R. Q,;
O’Keeffe, M.; Kim, J.; Yaghi, O. M. Ultrahigh Porosity in Metal-Organic Frameworks. Science 2009, 329,
424-428.

S4. Klein, N.; Senkovska, 1.; Gedrich, K.; Stoeck, U.; Henschel, A.; Mueller, U.; Kaskel, S. A Mesoporous
Metal-Organic Framework. Angew. Chem., Int. Ed., 2009, 48, 9954-9957.

S5. Liu, L.; Konstas, K.; Hill, M. R.; Telfer, S. G. Programmed Pore Architectures in Modular Quaternary
Metal-Organic Frameworks. J. Am. Chem. Soc. 2013, 135, 17731-17734.

S6. Chevreau, H.; Devic, T.; Salles, F.; Maurin, G.; Stock, N.; Serre, C. Mixed-Linker Hybrid
Superpolyhedra for the Production of a Series of Large-Pore Iron(IIl) Carboxylate Metal-Organic
Frameworks. Angew. Chem., Int. Ed. 2013, 52, 5056-5060.

S7. Feng, D.; Wang, K.; Wei, Z.; Chen, Y.-P.; Simon, C. M.; Arvapally, R. K.; Martin, R. L.; Bosch, M.; Liu,
T.-F.; Fordham, S.; Yuan, D.; Omary, M. A.; Haranczyk, M.; Smit, B.; Zhou, H.-C. Kinetically tuned
dimensional augmentation as a versatile synthetic route towards robust metal-organic frameworks. Nat.
Commun. 2014, 5, 5723.

S8. Dutta, A.; Wong-Foy, A. G.; Matzger, A. J. Coordination copolymerization of three carboxylate linkers
into a pillared layer framework. Chem. Sci. 2014, 5, 3729-3734.

S9. Duan, J.; Higuchi, M.; Kitagawa, S. Predesign and Systematic Synthesis of 11 Highly Porous
Coordination Polymers with Unprecedented Topology. Inorg. Chem., 2015, 54, 1645-1649.

S10. Jiang, J.; Furukawa, H.; Zhang, Y.-B.; Yaghi, O. M. High Methane Storage Working Capacity in
Metal—Organic Frameworks with Acrylate Links.J. Am. Chem. Soc. 2016, 138, 10244-10251.

S11. Tu, B.; Pang, Q.; Xu, H.; Li, X.; Wang, Y.; Ma, Z.; Weng, L.; Li, Q. Reversible Redox Activity in
Multicomponent Metal-Organic Frameworks Constructed from Trinuclear Copper Pyrazolate Building
Blocks. J. Am. Chem. Soc. 2017, 139, 7998—8007.

S12. Kapustin, E. A.; Lee, S.; Alshammari, A. S.; Yaghi, O. M. Molecular Retrofitting Adapts a
Metal-Organic Framework to Extreme Pressure. ACS Cent. Sci. 2017, 3, 662-667.

S13. Liang, C.-C.; Shi, Z.-L.; He, C.-T.; Tan, J.; Zhou, H.-D.; Zhou, H.-L.; Lee, Y.; Zhang, Y .-B.
Engineering of Pore Geometry for Ultrahigh Capacity Methane Storage in Mesoporous Metal—Organic
Frameworks. J. Am. Chem. Soc. 2017, 139, 13300-13303.

S14. Honicke, I. M.; Senkovska, 1.; Bon, V.; Baburin, I. A.; Bonisch, N.; Raschke, S.; Evans, J. D.; Kaskel, S.
Balancing Mechanical Stability and Ultrahigh Porosity in Crystalline Framework Materials. Angew. Chem.,
Int. Ed. 2018, 57, 13780-13783.

S15. Sheldrick, G. M. SADABS 2.05, University Gottingen, Gottingen, Germany, 2002.

S18



