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Synthetic procedure of HsCPDD

4-(2,6-bis(2,4-dimethylphenyl)pyridin-4-yl)benzoic acid (II).

The mixture of 4-formylbenzoate (0.1 mol, 16.4 g), 2,4-dimethylacetophenone (0.2 mol, 30.0 g), and NaOH (0.31
mol, 12.2 g) was grinded into a light yellow powder, which was mixed with ammonium acetate (0.78 mol, 60.0 g )
and 500 ml acetic acid. The obtained solution was refluxed for over night, cooled to ambient temperature, and
further diluted by 2000 mL H,O. The filtrated sticky crude product was recrystallized from methanol to offer the
light brown sample, which was used directly for next step.
4,4'-(4-(4-carboxyphenyl)pyridine-2,6-diyl)diisophthalic acid (HsCPDD, III).

The mixture of II (0.1 mol, 40.7 g) in mixed solvents of 500 mL pyridine and 500 mL H,O was refluxed, and
379.2 g potassium permanganate was added step by step. After potassium permanganate was complexly added, the
solution was refluxed for further 4 hs and then 100 mL ethanol was slowly added to decompose the excess of
potassium permanganate. The filtrated solution was acidified to result in white product, which was recrystallized
from DMF and washed with methanol. White powder was obtained with the yield of 90 %. ESI-MS: m/z [M-H]-,
526.09 (calcd for CpgH17NOyy, 527.09). Anal. (%) calcd. for C,sHsNO,o: C, 63.76; H, 3.25; N, 2.66. Found: C,
60.06; H, 3.72; N, 2.51.
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Scheme S1. Synthesis precess of HsCPDD ligand.
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Table S1. Crystallographic data and refinement parameters of NUC-66.

Complex NUC-66
Formula Cs9H30N30,6In4
Mr 1654.14
Crystal system hexagonal
Space group P 6;/mem
a(A) 22.1330(2)
b (A) 22.1330(2)
c(A) 38.3955(3)
a(®) 90
B 90
v (©) 120
V(A3) 16288.8(3)
Z 6
Dcaled(g-cm™) 1.013
w(mm-') 7.137
GOF 1.053
R; [I>20(D)]a 0.0586
wR, [I>206(I)]b 0.1552
Rja (all data) 0.0606
WR,b (all data) 0.1567
Rint 0.0608

Ri=Z | | Fo|-[Fe| |/Z | Fo| PwRy=[ Ew(|F, |
| Fe [ D) [/E | wFR)? | 12
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Table S2. Selected bond lengths and angles of NUC-66.

Selected bond lengths (A)

In(1)-0(1) 2.335(2) In(1)-O(1)#1 2.335(2) In(1)-0(6)#2 2.342(4)
In(1)-O(8)#1 2.321(4) In(1)-0(6)#3 2.342(4) In(1)-O(8) 2.322(4)
In(1)-0(9) 2.514(8) In(1)-0(2) 2.342(9) In(2)-0O(1)#1 2.323(4)
In(2)-O(4)#2 2.261(4) In(2)-O(4)#4 2.261(4) In(2)-0(5)#5 2.196(4)
In(2)-0(5) 2.196(4) In(2)-O(3)#6 2.404(11) In(2)-0(3)#7 2.404(11)
In(2)-O(7)#6 2.388(11) In(2)-O(7)#7 2.388(11)
Selected angles (°)

O(1)-In(1)-O(1)#1 68.45(17) O(1)#1-In(1)-O(6)42 74.98(14) O(1)#1-In(1)-O(6)#3 115.69(15)
0(1) -In(1)-0(6)#3 74.98(14) O(1)-In(1)-O(6)#2 115.69(15) O(1)#1-In(1)-0(9) 142.67(13)
O(1)-In(1)-0(9) 142.67(13) O(1)-In(1)-0(2) 75.0(4) O(1)#1-In(1)-0(2) 74.1(4)

0(6)#2-In(1)-0(6)#3 76.02) 0(6)#3-In(1)-0(9) 71.6(2) O(6)#2-In(1)-0(9) 71.6(2)
O(8)#1-In(1)-O(1)#1 145.82(17) O(8)-In(1)-O(1)#1 91.32(16) 0O(8)#1-In(1)-0(1) 91.32(16)
0(8) -In(1)-0(1) 145.82(17) O(8)#1-In(1)-0(6)#2 139.11(17) O(8)#1-In(1)-O(6)#3 82.85(17)
O(8)-In(1)-O(6)#3 139.11(17) O(8)-In(1)-O(6)#2 82.84(17) O(8)#1-In(1)-0(8) 91.3(3)
0(8)-In(1)-0(9) 68.6(2) O(8)#1-In(1)-0(9) 68.6(2) 0(8)#1-In(1)-0(2) 74.1(5)
0(8)-In(1)-0(2) 73.0(4) 0(2)-In(1)-O(6)#3 141.4(6) 0(2)-In(1)-0(6)#2 139.9(6)
0(2)-In(1)-0(9) 124.7(3) O(1)#1-In(2)-0(3)#4 152.6(3) O(1)#1-In(2)-O(3)#5 152.6(3)
O(1)#1-In(2)-O(7)#4 152.7(3) O(1)#1-In(2)-O(7)#5 152.7(3) O(4)#2-In(2)-0(1)#1 79.75(12)
O(4)#6-In(2)-O(1)#1 79.75(12) O(4)#6-In(2)-O(4)42 84.1(2) O(4)#2-In(2)-O(3)#5 107.2(5)
O(4)#2-In(2)-0(3)#4 74.9(4) O(4)#6-In(2)-0O(3)#4 107.2(5) O(4)#2-In(2)-O(7)#4 122.8(5)
O(4)#6-In(2)-0(3)#5 74.9(4) O(4)#6-In(2)-O(7)#4 87.0(4) O(@)#2-In(2)-O(T)#5 87.0(4)
O(4)#6-In(2)-O(7)#5 122.8(5) 0(5)-In(2)-O(1)#1 82.94(16) O(5)#7-In(2)-0(1)#1 82.94(16)
O(5)#7-In(2)-O(4)46 89.88(19) 0(5)-In(2)-0(4)#2 89.88(19) O(5)-In(2)-O(4)46 162.43(17)
O(5)#7-In(2)-O(4)42 162.43(17) 0(5)-In(2)-0(5)#7 91.03) O(5)-In(2)-0(3)#5 122.7(4)
O(5)#7-In(2)-0(3)#4 122.7(4) O(5)#7-In(2)-0O(3)#5 87.0(4) 0O(5)-In(2)-0(3)#4 87.0(4)
O(5)-In(2)-O(7)#5 73.2(4) O(5)#7-In(2)-O(7)#4 73.2(4) O(5)#7-In(2)-O(7)#5 110.0(5)
O(5)-In(2)-O(7)#4 110.0(5) O(3)#4-In(2)-0(3)#5 49.2(5) O(7)#4-In(2)-0(3)#5 18.23)

Symmetry transformations used to generate equivalent atoms: 'X,y,-z+3/2; 2y-x,-x+1,z; 3y-x,-x+1,-z+3/2; *x-

y+ 1 )X)-Z+1 5 SXaX'er 1 -zt 1 5 b-x+1 SY-X,"Z5 7Y9X92; Xyaxa_Z+3/2; 9_y+1 »X'y+ 1 »Z5 IOX_y+1 7-y+27z; ! IY»Y'XJF 1 9_Z+1 5
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Table S3. The cycloaddition reaction efficiency of various co-catalysts with NUC-66a and other catalysts.

O

Catalyst (NUC-66a)

+ CO,

Cocatalyst,1atm,60°C

0

>¢u

0

Entry Catalyst Cocatalyst Temp. Time Sel. Yield TOF

(mol%) (mol%) © 0 oy (%)F (W
1 NUC-66a KCl 60 8 64 2 2
2 NUC-66a KI 60 8 73 3 3
3 NUC-66a KBr 60 8 85 5 5
4 NUC-66a n-Pry;NBr 60 8 80 29 29
5 NUC-66a n-Et;NBr 60 8 85 33 33
6 NUC-66a n-MesNBr 60 8 90 25 25
7 NUC-66a n-BusNBr 60 8 99 95 95
8 NUC-66a n-BuyNI 60 8 92 75 75
9 NUC-66a n-BuyNCl 60 8 90 80 80
10 NUC-66 n-BusNBr 60 8 86 38 38
11 NUC-66a - 60 8 80 11 11
12 - n-BusNBr 60 8 81 19 -
13 In,04 - 60 8 51 8 8
14 In(NO;); - 60 8 49 6 6
15 In,04 n-BusNBr 60 8 83 42 42
16 In(NO;); n-BusNBr 60 8 79 36 36

“Reaction conditions: Substrates (20 mmol), NUC-66a catalyst (0.5 mol %), Cocatalyst (4.0 mol %), CO, (1 atm);
bSel.(%) = amount of targeted product/amount of converted raw materials. “Checked by GC. TOF =turnover

number (defined as moles of the product/mole of the catalyst)/reaction time.
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Table S4. Molecular sizes of epoxides and products with different substituted groups.

Entry Epoxides Molecular Size (A3) Products Molecular Size (A3)
(o) o
1 —<J 4.9%4.4x4.6 /g 5.7x4.4%4.8
(o]
(o]
(o) (0]
2 F—<| 4.43.7x4.3 F /& 5.5%4.2x4.3
(o)
[o]
[o) (o)
3 m{l 4.6x3.8x4.4 cl /K 5.9x4.4x4.6
(o]
[o]
) 0
4 /_<] 5.0%3.8x4.5 /& 6.5%4.6x4.8
o
(o]
FF FF
o o
5 5.5%4.5x3.9 /& 6.3x3.1x4.4
F F © o
o o
6 /—Q 5.7x4.5%4.9 / /& 6.4x4.3x4.9
(o]
(o]
o 0
7 Ph—<| 6.0x4.4x6.8 Ph /& 7.8x4.1x5.3
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Table S5. Comparison of the catalytic activity of various MOFs for the cycloaddition of CO, with epoxides.

0]
o Catalyst 0\(/
+CO, > 0
n-Bu,NBr,CO,,T
Catalyst n-BuyNBr Temp. Pressure Time Yield TOF
MOF Ref.
(mmol) (mmol) (C) (atm) (h) (%) (h)
1 0.5 1.0 40 1 20 &3 8.3 S1
Zn-2PDC 0.5 3.6 rt 10 12 98 16.7 S2
Ui0-66-Gua0.2(s) 0.6 0.8 70 1 12 96 13 S3
la 0.4 0.5 60 1 12 97 20.2 S4
1 0.5 5 60 2 6 65 22 S5
MOF 0.8 0.7 85 5 5 92.6 23.1 S6
Zny75Mgp.25-MOF-
0.59 0.9 60 8 5 99 33 S7
74
Cdg(TPOM);(L)s 0.5 1.0 40 1 20 99 10 S8
ADES-3 2.0 2.5 80 10 8 99 155 S9
NUC-66 0.5 4.0 60 1 8 95 95 Our
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Table S6. ICP-OES analysis of In*" after 10 cycles reaction of cycloaddition reaction® and Knoevenagel

condensation reaction®.

Catalyst In3* concentration (%) ? In3* concentration (%)°

NUC-66a 0.0276 0.0302
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Table S7. The Knoevenagel condensation reaction efficiency of various catalysts.“

CN CN
N0 il < Catalyst AN
——
Etnanol(3mL)
CN NC
Catalyst Sel. Yield
Entry

(mol%) (%)° (%)?
1° NUC-66 88 35
2 IH203 56 10
3 In(NO3); 47 7

@Reaction conditions: Catalyst (0.5 mol %), malononitrile (20 mmol), aldehyde derivatives (10 mmol), ethanol

3mL, 6 h, 55 °C. ’NUC-66: original sample without treatment. “Sel.(%) = amount of targeted product/amount of
converted raw materials. “Checked by GC.
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Table S8. Polarity of solvents for Knoevenagel condensation reaction.

Entry Solvent Polarity (SPP)S10s11
1 EtOH 0.85
2 DMF 0.95
3 MeOH 0.86
4 THF 0.84
5 Toluene 0.66
6 Cyclohexane 0.56
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Table S9. Molecular sizes of various benzaldehyde derivatives and products.

Substrates

Molecular Size (A3)

Products

Molecular Size (A3)

©/\0
@O
F
JOh
Br
o
0N
g
fou
=0
~o
0\
~ Y X0
~o
o

8.6x7.2x2.4

9.1x7.0x2.9

9.9x6.8x2.5

9.8x7.1x4.2

9.5x7.0x4.2

10.5x8.4x7.1

11.0x8.8x7.9

11.6x9.0x8.1

9.3x7.7x3.0

9.8x7.5x3.2

10.4x7.5%3.2

10.5x7.7x5.0

10.8x7.8x5.0

11.0x9.0x8.8

11.4x9.2x8.5

12.0x9.8x9.0
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Table S10. Comparison of the catalytic activity of various MOFs for the Knoevenagel Condensation reaction.

CN
—0
CN e —
" < atalyst > CN
CN Solvent
Catalyst Temp. Time Yield TOF
MOF Solvent Ref.
(mol %) (°C) (h) (%) (b))
Tb-DCBA 10wt%  CH,Cl, RT 6 99 - S12
JLU-MOF112 0.25 EtOH 60 2 98 196  S13
1 2.0 MeOH 27 1 50 S14
[Tms(BDCP),)(H,0); 0.4 EtOH 80 24 99 103  S15
Y3(p3-0)2 (s
[¥3lors-Ohalas 0.25 EtOH 60 3 98 1306 SI6
OH)(H,0),(BTCTBA),
1-Cd 0.6 - 60 1 95 1584  S17
1 0.3 - 60 1 99 167 SIS
[Co,(bptc)(H,0),] -5SDMA 2 - 60 6 99 8.3 S19
Yb4(BDCP),(15—OH),(u,—H
« Jalpr—OH)elp 03 EtOH 45 24 96 53 S20
CO,)(H,0),
NUC-66a 0.5 EtOH 55 6 97 129  Our
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Table S11. The structure details between NUC-66 and other reported In-based MOFs.

Complex Ligand SBU Nuclear Crystal Ref.
count system
NUC-66 HsCPDD [In4(z5—OH)2(COO)o(DMF)(H,0),] Four Hexagonal Our
2 2,6-H,pydc/1,4-Hybda {Ing(p,-OH);} Four Rhombohedral ~ S21
In-PMOF TCPP - - Monoclinic S22
ZJNU-121 H4L Iny(OH),(COO0), Multinuclear  Orthorhombic ~ S23
In-TATAB H;TATAB [In3O(TATAB),(H,0)s] Three Tetragonal S24
NU-50 H,TBAPy In(COO)4 One Orthorhombic ~ S25
UPC-100-In H,DCBA In(RCOO0), One Monoclinic S26

Molecular formulas:

NUC-66: {[In4(CPDD),(1i5~OH),(DMF)(H,0),]-2DMF-5H,0},

2: {[Ing/3(u2-OH)(2,6-pydce)(1,4-bda)o s(H,0)]-2H,01

In-PMOF: C52H4()IIIN608Pd

ZJINU-121: Iny(OH),(L)

In-TATAB: [In;O(TATAB),(H,0);](NO5)-(DMA);s

NU-50: Il’lC45H30NOg

UPC-100-In: {[In(DCBA)(MeNH;)] -DMF-3H,0}
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Figure S1. The PXRD patterns of as-synthesized NUC-66 and simulated one.
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Figure S2. The FT-IR spectrum of as-synthesized NUC-66 and activated NUC-66a.
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——NUC-66a
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Figure S3. The PXRD patterns of simulated NUC-66 and NUC-66a.
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Figure S4. The TGA curve of NUC-66.
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Figure S5. The PXRD patterns of NUC-66 sample under water treatment.
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Figure S6. The N, absorption/desorption isotherms and pore size distribution of NUC-66a.
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Figure S7. The CO, adsorption and desorption isotherms for NUC-66a at 273K and 298K.
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Figure S8. CO, adsorption heat calculated by the virial equation of NUC-66a.

Isosteric Heat Calculation.

The Oy value is a parameter that describes the average enthalpy of adsorption for an adsorbing gas
molecule at a specific surface coverage and is usually evaluated using two or more adsorption
isotherms collected at similar temperatures. The zero-coverage isosteric heat of adsorption is
evaluated by first fitting the temperature-dependent isotherm data to a virial-type expression,

which can be written as:
Inp= lnN+%Zai N+Xb, N’
i=0

N: Adsorption capacity (mg/g); p: Pressure (mmHg); T: Temperature (K); a;, b; : Empirical
constant; R : Universal gas constant (8.314 J-mol-!-K™)

The isosteric enthalpy of adsorption (Qst) :

QS, = _R;aiNi
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Figure S9. NH;-TPD and CO,-TPD profiles of NUC-66.
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Figure S10. The GC date of 4-(hydroxymethyl)-1,3-dioxolan-2-one and 2-(phenylmethylidene)propanedinitrile.

Yield Calculation Based on the GC Analysis
Gas chromatography analyses were executed on a gas chromatography instrument (Shimadzu, GC-2014C with a
PC-624 (V) capillary column and FID detector), the yield (%) was calculated based on the consumption of starting

material using the equation:

area of reactant at 0 hour area of reactant at any time

area of interal atandard at 0 hour area of interal atandard at any time
area of reactant at 0 hour

Yield (%) = ( )

area of interal standard at 0 hour
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Figure S11. The product accumulation curves with reaction time.

The kinetic studies demonstrate that the multiple of TOF value difference obtained from yields

and reaction rates is about 50% to 300%, whose value belongs to the same order.
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Figure S12. '"H NMR spectrum of propylene carbonate.
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Figure S13. '"H NMR spectrum of 4-fluoro-1,3-dioxolan-2-one.
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Figure S15. '"H NMR spectrum of 2-(trifluoromethyl)oxirane.
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Figure S19. Recyclability study for catalytic activities of NUC-66a in cycloaddition reaction.
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Figure S20. The PXRD patterns of activated and used NUC-66 after tenth cycloaddition reactions.
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Figure S21. The FT-IR patterns of activated and used NUC-66 after tenth cycloaddition reactions.
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Figure S22. N, adsorption isotherms of NUC-66a measured after 10 cycles of cycloaddition reactions, showing

negligible change in adsorption amount.
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Figure S23. Evidence of heterogeneous nature of NUC-66a in the cycloaddition reaction.
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Figure S26. 'H NMR spectrum of 2-[(4-bromophenyl)methylidene] propanedinitrile.
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Figure S32. Recyclability study for catalytic activities of NUC-66a in Knoevenagel condensation reaction.
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Figure S33. The PXRD patterns of activated and used NUC-66 after tenth Knoevenagel condensation reactions.
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Figure S34. The FT-IR patterns of activated and used NUC-66 after tenth Knoevenagel condensation reactions.
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Figure S36. Evidence of heterogeneous nature of NUC-66a in the Knoevenagel condensation reaction.
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