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Section 1. Materials and Methods

Materials

1,3,5-Tribromobenzene (98%), 4-formylphenylboronic acid (98%), p-toluenesulfonic
acid (98%), 2,2-dimethyl-1,3-propanediol (98%),
4-aminophenylboronicacidpinacolester (98%), 1,4-phenylenebisboronic acid (98%),
methylboronic acid (97%), bis(pinacolato)diboron (98%) were purchased from Heowns.
Pd(PPh3)s4 (99.9%) and Pd(PPh3)>Cl> (99.99%) were purchased from 3A Chemicals.
Ethyl acetate (EA), dichloromethane (DCM), petroleum ether (PE),
N,N-Diisopropylethylamine (DIPEA), 1,4-dioxane, toluene, mesitylene, 1-Butanol
(n-BuOH) and 1,2-dichlorobenzene (0-DCB) were purchased from Aladdin reagent. All
commercial available chemicals were directly used as received without further

purification.

Physical measurements

"H NMR and '3C NMR were recorded on Bruker AVANCE II1-400MHz NMR
spectrometer. *C CP/MAS NMR spectra were recorded with the contact time of 2 ms
(ramp 100) and a pulse delay of 3 s with a 4-mm double resonance probe. Fourier
transform infrared (FT-IR) spectra were recorded in transmission mode on a Bruker
Alpha spectrometer using KBr pellets with a scan range of 400-4000 cm™!. Elemental
analyses were performed by Elementar Vario EL III. The thermal stabilities of the two
COFs were evaluated by Thermogravimetric analysis (TGA) on a differential thermal
analysis instrument (TA instruments TGA-Q50-1918 analyzer) ranging from room
temperature to 800 °C with the interval of 10 °C/min under N> atmosphere using an
empty Al2O3 crucible as the reference. The Powder X-ray diffraction (PXRD) patterns
of the two COFs were recorded on X-ray diffractometer (RIGAKU SMARTLAB 9KW)
or DX-27mini (400W) X-Ray diffractometer with a Cu target tube and a graphite
monochromator. Field emission scanning electron microscopies (FE-SEM) were
performed on a Hitachi SU8010 microscope operating at an accelerating voltage of 3.0
kV. Surface areas and pore size distribution were measured via a Specific surface area
and pore size analyzer (ipore 400) by drying samples at 100 °C for 12 hours under
vacuum (10 bar) before analysis, and pore size distribution was calculated by nonlocal
density functional theory (NLDFT). The simulated PXRD patterns were determined by
the Reflex module. Pawley refinement of the experimental PXRD of two COFs were

conducted to optimize the lattice parameters iteratively until the Ry, value converges.
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Section 2. Synthetic Procedures

Section 2.1 Synthesis of Monomers
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Supplementary Scheme 1. Synthetic route of ADTB and ADPB.

2-(4-(5,5-dimethyl-1,3-dioxan-2-yl)-phenyl)-5,5-dimethyl-1,3,2-dioxaborinane (1):

The synthetic procedure was according to the literaturel!l,

5-(3',5'-dibromo-[1,1'-biphenyl]-4-yl)-2,2-dimethyl-1,3-dioxane (2): 1 (2.74 g, 9.00
mmol), 1,3,5-tribromobenzene (3.14 g, 10.00 mmol) and K>COs3 (5.53 g, 40.00 mmol)
were mixed with Pd(PPh3)4(1.15 g, 1.00 mmol) in a 250 mL two neck flask. Then,
1,4-dioxane (100 mL) and H,O (20 mL) were added under argon and refluxed at 80 °C.
After 4 hours, the mixture was diluted with water and extracted with DCM. The organic
layers were combined and dried over anhydrous MgSOs, filtered and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
(EA : PE = 10:1) to obtain white solid 2. Yield: 1.42 g, 37%. '"H NMR (400 MHz,
CDCl) 0 (ppm) 7.63 (s, 3H), 7.58 (d, 2H), 7.54 (d, 2H), 5.44 (s, 1H), 3.78 (d, 2H), 3.69
(d, 2H), 1.31 (s, 3H), 0.82 (s, 3H). '3C NMR (100 MHz, CDCl3) 6 (ppm) 144.49,
138.84, 133.06, 132.73, 129.04, 127.11, 126.92, 123.32, 101.26, 30.35, 23.14, 21.98.
MS (HR-ESI): m/z Calcd. CigH1sBr202: 425.9653, found [M - H]: 424.8762.

4
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5'-bromo-4''-(2,2-dimethyl-1,3-dioxan-5-yl)-[1,1':3',1"'-terphenyl]-4-amine (3): 2
(1.00 g, 2.35 mmol), 4-aminophenylboronicacidpinacolester (0.51 g, 2.35 mmol),
K2COs3 (1.33 g, 9.60 mmol) were mixed with Pd(PPh3)4(0.27 g, 0.24 mmol) in a 100
mL two neck flask. Then, 1,4-dioxane (50 mL) and H>O (10 mL) were added under
argon and refluxed at 100 °C. After 8 hours, the mixture was diluted with water and
extracted with DCM. The organic layers were combined and dried over anhydrous
MgSOq, filtered and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (EA : PE = 3:1) to obtain yellow solid 3. Yield: 0.54
g, 53%. '"H NMR (400 MHz, CDC]l3) d (ppm) 7.64 (m, 1H), 7.62 (m, 1H), 7.41-7.43 (m,
5H), 6.75-6.77 (d, 2H), 5.45 (d, 1H) ,3.78-3.69 (m, 6H), 1.32 (s, 1H), 0.82 (s, 1H). 13C
NMR (100 MHz, CDCls) 6 (ppm) 146.32, 143.64, 143.26, 140.54, 138.21, 130.02,
128.29, 128.19, 127.93, 127.22, 126.76, 124.10, 123.24, 115.55, 101.45, 30.36, 23.15,
21.99. MS (HR-ESI): m/z Calcd. C24H24BrNO2: 437.0990, found [M + H]": 438.1132.

4'"'-(2,2-dimethyl-1,3-dioxan-5-yl)-5'-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
-[1,1':3',1"'-terphenyl]-4-amine (4): 3 (2.00 g, 5.00 mmol), bis(pinacolato)diboron
(4.64 g, 18.30 mmol), KOAc (4.00 g, 36.60 mmol) and Pd(PPh3).Cl (0.32 g, 0.46
mmol) were dissolved in 100 mL 1,4-dioxane under nitrogen and refluxed at 100 °C.
After 24 hours, the mixture was diluted with water and extracted with DCM. The
organic layers were combined and dried over anhydrous MgSOs, filtered and
concentrated under reduced pressure. The residue was purified by neutral alumina
column chromatography (EA : PE = 1:1) to obtain white solid 4. Yield: 1.87 g, 85%. 'H
NMR (400 MHz, CDCl;3) é (ppm) 7.95-7.97 (d, 1.95 H), 7.83 (m, 0.97 H), 7.68-7.70 (d,
2.04 H), 7.57-7.59 (d, 2.08 H), 7.51-7.53 (d, 2.06 H), 6.83-6.85 (d, 2.02 H), 5.45 (s, 1
H), 3.70-3.79 (m, 4 H), 1.37 (s, 12.11 H), 0.82 (s, 3H) 7.51-7.53 (d, 2.06 H),. 3C NMR
(100 MHz, CDCl3) 6 (ppm) 145.77, 141.82, 141.11, 140.74, 137.51, 131.97, 131.48,
128.32, 128.27, 127.32, 126.52, 115.51, 101.65, 83.95, 83.57, 30.34, 25.09, 24.95,
24.63,24.17, 23.15, 22.00. MS (HR-ESI): m/z Calcd. C30H36BNO4: 485.2737, found
[M ]": 485.3127.

(4-amino-4''-(2,2-dimethyl-1,3-dioxan-5-yl)-[1,1':3',1"'-terphenyl]-5'-yl) boronic
acid (ADTB): 4 (1.00 g, 2.10 mmol) and methylboronic acid (0.37 g, 6.20 mmol) were
dissolved in a mixture of DCM (19 mL) and DIPEA (1 mL). And then, the mixture was

5
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stirred under air at room temperature. After 48 hours, the mixture was concentrated
under reduced pressure and purified by silica gel column chromatography (EA : PE =
1:1) to obtain white solid ADTB. Yield: 0.41 g, 48%. 'H NMR (400 MHz, CDCls) 6
(ppm) 8.26 (s, 1.02 H), 7.82 (s, 1.62 H), 7.45-7.67 (m, 6.54 H), 6.75 (s, 2.02 H), 5.43 (s,
1 H), 3.67-3.78 (m, 6 H), 1.31 (s, 3H), 0.80 (s, 3 H). 3C NMR (100 MHz, CDCl5) ¢
(ppm) 144.79, 142.48, 142.03, 140.42, 137.21, 137.04, 133.38, 131.98, 131.15, 127.98,
127.89, 127.21, 126.68, 117.00, 116.19, 101.69, 30.20, 23.10, 21.83.MS (HR-ESI), m/z
Calcd. C24H26BNO4: 403.1955, found [M + H]":404.2104.

(4''-amino-5'-(4-(2,2-dimethyl-1,3-dioxan-5-yl)phenyl)-1,2-dihydro-[1,1':3',1""-ter
phenyl]-4-yl)boronic acid (ADPB): 3 (1.00 g, 2.28 mmol), 1,4-phenylenebisboronic
acid (0.38 g, 2.28 mmol), K»COs (5.60 g, 40.00 mmol) were mixed with Pd(PPhs)4
(0.14 g, 0.12 mmol) in a 100 mL two neck flask. Then, 1,4-dioxane (50 mL) and H.O
(10 mL) were added under air and refluxed at 100 °C. After 4 hours, the mixture was
diluted with water and extracted with DCM. The organic layers were combined and
dried over anhydrous MgSOs, filtered and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (EA : PE = 1:1) to obtain
white solid ADPB. Yield: 0.63 g, 57%. '"H NMR (400 MHz, CDCl;3) d (ppm) 7.78-7.79
(m, 3.43 H), 7.71-7.75 (m, 4.63 H), 7.61-7.63 (m, 2.39 H), 7.52-7.55 (m, 2.39 H),
6.80-6.82 (m, 2.26 H), 5.48 (s, 1 H), 3.71-3.79 (m, 6 H), 1.33 (s, 3 H), 0.83 (s, 3H). 13C
NMR (100 MHz, CDCL) 6 (ppm) 146.15, 142.35, 142.00, 141.88, 141.76, 140.45,
137.73, 131.36, 128.86, 128.28, 127.79, 127.35, 126.63, 124.60, 124.52, 124.19,
115.45, 101.56, 30.32, 23.11, 21.96. MS (HR-ESI), m/z Calcd. C30H30BNO4 : 479.2268,
found [M + H]": 480.2396.
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160  Section 2.2 Synthesis of COFs
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162  Supplementary Scheme 2. Synthetic route of ADTB-COF.

163

164  ADTB-COFs: A 10 mL Pyrex tube was charged with ADTB (22.00 mg, 0.054 mmol),
165 and 1 mL toluene was added (Experiments on different solvent systems were carried

166  out and shown in section 4). After the mixture was sonicated for 1 min, 0.20 mL of

167  acetic acid (6 M) was added. The mixture was sonicated for another 1 min and further
168  degassed by three freeze-pump-thaw cycles, purged with N> and then heated at 120 °C
169  for 3 days. After cooling, the precipitate was collected by filtration and washed by THF,
170 ethyl alcohol and acetone. The collected sample was dried under vacuum for 24 h to

171 afford ADTB-COFs (10.60 mg, 69%) as yellow powder. Anal. Calcd. for Ci9Hi12BNO:
172 C, 81.18%; H, 4.30%; N, 4.98%. Found: C, 78.10%; H, 4.42%; N, 4.59%.

173
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174
175  Supplementary Scheme 3. Synthetic route of ADPB-COF.

176

177 ADPB-COFs: A 10 mL Pyrex tube was charged with ADPB (26.00 mg, 0.056 mmol),
178  then 1 mL #n-BuOH and 1 mL 0-DCB were added (Experiments on different solvent
179  systems were carried out and shown in section 4). After the mixture was sonicated for 2
180  min, 0.20 mL of acetic acid (6 M) was added. The mixture was sonicated for another 1
181  min and further degassed by three freeze-pump-thaw cycles, purged with N> and then
182 heated at 120 °C for 3 days. After cooling, the precipitate was collected by filtration
183  and washed by THF, ethyl alcohol and acetone. The collected sample was dried under
184  vacuum for 24 h to afford ADPB-COFs (16.40 mg, 85%) as a yellow-green powder.
185  Anal. Calcd. for CosHi6BNO: C, 84.06%; H, 4.51%; N, 3.92%. Found: C, 83.54%; H,
186 5.18%; N, 4.01%.

187
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188 Section 3. NMR and Mass Spectra
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190  Supplementary Figure 1. 'H NMR spectrum of compound 2 in CDCl3 (400 MHz).
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194  Supplementary Figure 3. '"H NMR spectrum of compound 3 in CDCl; (400 MHz).
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200  Supplementary Figure 5. '"H NMR spectrum of compound 4 in CDCIl; (400 MHz).
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204  Supplementary Figure 6. '>°C NMR spectrum of compound 4 in CDCl3 (100 MHz).
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225  Section 4. Experiments in different solvent systems
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227  Supplementary Figure 13. PXRD of ADTB-COF in different solvents (The solid

228  powders can only be obtained in a few solvent systems).
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232 Supplementary Figure 14. PXRD of ADPB-COF in different solvents (The solid
233 powders can be obtained in various solvent systems).
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235  Section 5. FT-IR Spectra
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237  Supplementary Figure 15. FT-IR spectra comparison of ADTB, ADPB, ADTB-COF
238 and ADPB-COF.
239
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Section 6. Solid-State *C CP/MAS NMR spectrum
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Supplementary Figure 16. Solid-state '3C CP/MAS NMR spectrum of (A)

ADTB-COF and (B) ADPB-COF. Signals with stars are sidebands.
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245  Section 7. PXRD Patterns and Structural Analysis
A B

~—— Experimental P
~——— AA-stacking 7 >
* ——— AB-stacking XYY

——— ABC-stacking

5 10 15 20 25 30 35 40

2 Theta (degree) 3.39A

246
247  Supplementary Figure 17. (A) Experimental (red), AA stacking, AB stacking and

248  ABC stacking XRD of ADTB-COF. (B) Top-view and side-view for AA stacking

249  model of ADTB-COF. Top-view for (C) AB stacking and (D) ABC stacking model of
250  ADTB-COF.

251
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A B .

~—— Experimental

—— AA-stacking
—— AB-stacking
~——— ABC-stacking

252
253  Supplementary Figure 18. (A) Experimental (red), AA stacking, AB stacking and

254 ABC stacking XRD of ADPB-COF. (B) Top-view and side-view for AA stacking model
255  of ADPB-COF. Top-view for (C) AB stacking and (D) ABC stacking model of

256  ADPB-COF.

257

19



258

259
260

261
262
263

264
265

266
267
268
269

Liu et al. Chem Synth 2024;4:10 | http://dx.doi.org/10.20517/cs.2023.51

Section 8. Thermogravimetric Analysis
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Supplementary Figure 19. Thermogravimetric analysis profiles of (A) ADPB-COF

and (B) ADTB-COF.

Section 9. Stability of Water Resistance
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Supplementary Figure 20. Comparison of changes in PXRD patterns of ADTB-COF
(A) and ADPB-COF (B) placed in an environment with 97% relative humidity for
different number of days. Comparison of changes in FT-IR spectra of ADTB-COF (A)

and ADPB-COF (B) placed in an environment with 97% relative humidity for different

number of days.
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270  Section 10. Atomic Coordinates of ADTB-COF and ADPB-COF
271  Supplementary Table 1. Atomic coordinates of the AA-stacking mode of
272 ADTB-COF using Forcite and DFTB* method.

Space group: P6/M
a=b=3418A,and c=3.39 A
a==90,and y=120°

X Y Z
C1 -1.52909 -3.7564 0.5
C2 -1.508 -3.78321 0.5
C3 -1.46035 -3.76013 0.5
C4 -1.43491 -3.71316 0.5
Cs -1.45649 -3.68777 0.5
Ceé -1.50402 -3.7084 0.5
C7 -1.52675 -3.6798 0.5
C8 -1.53496 -3.83462 0.5
9 -1.50094 -3.6319 0.5
C10 -1.52135 -3.60543 0.5
C11 -1.56826 -3.62522 0.5
C12 -1.59477 -3.6724 0.5
C13 -1.57444 -3.69929 0.5
C14 -1.58285 -3.85906 0.5
C15 -1.60703 -3.9064 0.5
C16 -1.5847 -3.93123 0.5
C17 -1.53728 -3.90762 0.5
C18 -1.5131 -3.8606 0.5
C19 -1.00747 -3.41208 0.5
B20 -1.31109 -3.69304 0.5
N21 -1.02009 -3.63136 0.5
022 -1.28339 -3.64381 0.5
H23 -1.56503 -3.7729 0.5
H24 -1.44172 -3.77772 0.5
H2S -1.43501 -3.65176 0.5

H26 -1.46468 -3.61317 0.5
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H27
H28
H29
H30
H31
H32
H33
H34
H32
H33
H34

-1.50006
-1.63127
-1.59717
-1.60284
-1.6436

-1.51786
-1.47705
-0.99504
-1.51786
-1.47705
-0.99504

-3.56897
-3.68862
-3.73521
-3.84277
-3.9239

-3.92459
-3.84606
-3.43551
-3.92459
-3.84606
-3.43551

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
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274 Supplementary Table 2. Atomic coordinates of the AA-stacking mode of
275  ADPB-COF using Forcite and DFTB* method.

Space group: P6/M
a=b=42.69 A, and c=3.45 A
a=pF=90,and y =120°

X Y Z
C1 4.0647 8.38924 0.5
C2 4.04288 8.35088 0.5
C3 4.06014 8.32958 0.5
C4 4.00244 8.33461 0.5
NS 4.0212 7.70244 0.5
Cé 4.05887 7.71972 0.5
C7 4.07824 7.70037 0.5
C8 3.28894 8.58366 0.5
9 3.25042 8.56547 0.5
C10 3.22971 8.52693 0.5
C11 3.24681 8.5049 0.5
C12 3.28604 8.52425 0.5
C13 3.30656 8.56279 0.5
C14 3.22426 8.46274 0.5
C15 3.18542 8.44376 0.5
C16 3.16365 8.40483 0.5
C17 3.18253 8.38467 0.5
C18 3.22151 8.40209 0.5
C19 3.24137 8.44109 0.5
C20 3.24172 8.38015 0.5
C21 3.12156 8.38572 0.5
C22 3.10301 8.40634 0.5
C23 3.09881 8.34663 0.5
C24 3.22261 8.34105 0.5
C25 3.24102 8.32006 0.5
C26 3.28155 8.39885 0.5

B27 3.62688 8.31482 0.5

23



276

Liu et al. Chem Synth 2024;4:10 | http://dx.doi.org/10.20517/cs.2023.51

028
H29
H30
H31
H32
H33
H34
H35
H36
H37
H38
H39
H40
H41
H42
H43
H44

3.6448

4.05201
4.04382
3.99245
4.06448
3.23599
3.2003

3.30219
3.33643
3.17213
3.16679
3.27051
3.11682
3.10985
3.19298
3.22485
3.30015

8.29244
8.40637
8.29973
8.35389
7.67067
8.58097
8.51562
8.51078
8.57618
8.4596

8.35534
8.4549

8.43595
8.32828
8.32481
8.2894

8.42901

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
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Section 11. Data Analysis of Specific Surface Area
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Supplementary Figure 21. BET plot for ADTB-COF.
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Supplementary Figure 22. BET plot for ADPB-COF.
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285  Section 12. Gas Adsorption Properties

286
0.18 e Exp
) Fit
5 0.151
°©
£ 0.12-
E
o 0.094
4
8
2 0,06 -
Iﬂ‘
O 0.03-
0.00
0 20 40 60 80 100
287 Pressure (KPa)

288  Supplementary Figure 23. Single site Langmuir-Freundlich model fitting for CH4
289  adsorption of ADPB-COF.
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293 Supplementary Figure 24. Single site Langmuir-Freundlich model fitting for C2Hs
294  adsorption of ADPB-COF.
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297  Supplementary Figure 25. Single site Langmuir-Freundlich model fitting for C3Hs
298  adsorption of ADPB-COF.
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302  Supplementary Figure 26. Single site Langmuir-Freundlich model fitting for CO»
303  adsorption of ADPB-COF.
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Supplementary Table 3. Specific fitting parameters of the Single site

Langmuir-Freundlich model for sorption isotherms!?l,

Model: =——
Samples Adsorbent
a b c R?
CH,4 0.95342 0.00187 1.02783 0.99994
C:Hs 2.56761 0.02019 0.79274 0.99991
ADPB-COF
C;Hs 3.43732 0.06405 1.33889 0.99974
CO: 4.18628 0.00231 1.03138 1.00000
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309  Supplementary Table 4. The separation ratio of C3Hs/CHy4 (1:1) of different porous
310 materials (298 K, 1 bar).

Materials BET (m*g™) C;H,/CH, Ref.
ADPB-COF 893 174 This work
Zr-OBBA 414 105.6 3]
Zr-SDBA 739 97.5 [3]
JLU-Liud5 971 42.7 3]
MCOF-1 874 1800 [4]
PAF-40 601 48.2 5]
PAN-m1 904 222.8 [6]
PAN-m2 948 141.7 [6]
SMC1 1231 159.1 [7]
SMC2 1543 146 7]
CTF-BIB-3 2088 170.5 8]
sPI-A-B 620 204.7 9]
sPI-M-B 618 217.4 9]
sPI-M-H 492 82 9]
UPC-35 1087 87.67 [10]
ZUL-C1 504 73 [11]
UPC-102-Zr 2182.5 42.5 [12]
UPC-101-Al 2083.8 37.2 [12]
JLU-Lius 707 107.8 [13]
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