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Table S1: Selected organic transformation catalyzed by metal-free COF.

No. | Structure and Code of the COF and Notable Catalysed Organic Reaction Ref.
properties
Knoevenagel reaction
1 HzN CHO — NC 31
(o Nt CN
d /@\ > BF-COF-1 R—@—cno + < BECORS R@f
HoN NH; CN
‘ H, * e He Size selective Knoevenagel condensation reaction. When R is H, the
reaction yields >90 product. But if R= Me, Ph, Tol etc, the reaction
doesn’t proceed.
Reaction A B Catalyst Con(\szl)sion
I 87A 69A BF-COF-1 96
e ~it
O-IE ¥ —drcorr W
n 10.1A 69A BF-COF-1 4
— /|2 R 1
“@JI > 7 eecor2 3
m 1334 69A BF-COF-1 3
Q@/[ > el —BrcoFs 4
w 1474 69 A BF-COF-1 2
ayy ;I g ~lB |
e BF-COF-2 2
) - : S 1
BET Surface area for: BF-COF-1 = 730 m’/g, BF-COF-2 = 680 m‘/g. Pore size from NLDFT fit: 8.3 A for BF-COF-1 and 8.1 A for
BF-COF-2. Reprinted with the permission from the Wiley Online Library (reference S1).
2 HoN CHO SZ
— One-Pot Cascade Reactions.
i it * & DL-COF-2 A B D R,
2! 2 (R=F) o— 0 Ry
OOz O
&AL FPBA (R=H) o— RI/\R:
FFPBA (R=F) C

The 3- and 4-connected building units results in a 3D network
with the cubic carbon nitride (ctn) topology,

Step 1: Requires acidic sites, which are supplied by boroxine
group

Step 2: Condensation step involves the basic sites from imine
bonds in DL-COFs.

Entry  Catalyst Conversion of D (%)
1 DL-COF-1 R;=R,=CN 98
2 DL-COF-2 R;=R,=CN 96
3 DL-COF-1 R;=CN, R, = COOC,Hs 93
4 DL-COF-2 R, =CN, R, = COOC,Hs 92
5 DL-COF-1 R, =R,;=COCH 93
6 DL-COF-2 R;=R;=COCH 94

R1: CN, COCH. R2: CN, COCH, COOC;Hs
Yield: 92-98%.

BET surface areas of DL-COF-1 and DL-COF-2 are 2259 and 2071 m?/g. NLDFT pore sizes of DL-COF-1 and DL-COF-2 are 13.6 and
12.8 A. H, uptake at 77K at 1 bar: 234 and 193 cc/g for DL-COF-1 and DL-COF-2. CO, uptake at 273K at 1 bar: 136 and 111 cc/g for DL-
COF-1 and DL-COF-2. CH,4 uptake at 273K at 1 bar: 36 and 30 cc/g for DL-COF-1 and DL-COF-2 respectively. Reprinted with the

permission from the American Chemical Society (reference S2).

3 HoN NH,

CHO O Q CHO
oH &
- +
OH (e}
HO I HO
2.3-Dha O 0 2.3-Dma
NH,

HoN Tph

NC
/ CN

1 2 3
E NC__CN
®_< S CHO — 3
R o— R R

R= H (1a), 3-CH3 (1b), 4--CHj (1c), NO; (1d), OCHj (1e).
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1a: R=H
1b: R=3-CH,
1c: R=4-CH,
1d: R=NO,
1e: R=0OCH,

BET Surface areas of 2,3-DhaTph and 2,3-DmaTph are 1019 and 668 m/g. NLDFT pore sizes are 2.2 and 1.4 nm, respectively. Due to the
presence of acidic (catechol) and basic (porphyrin) sites, 2,3-DhaTph shows significant selectivity, reusability, and excellent ability to
perform the cascade reaction. Reprinted with the permission from the Royal Society of Chemistry (reference S3).

4 NH; CHO 54
7 CN

® @ he
Cat. (0.04 mmol)
Z )]\ + NC CN — 40407
Q NH. Ar” H & Acetonitrile, 60°C |

7 £ = 6 hr, Ar Ar H
o g

isolated yield for different catalysts (%)
aldehyde product LZU-301 LZU-101  PyMA®  COF-320

HN

la 3a 72 (99)° 21 94 42

b 3b 21 22 95 N/A
Ic 3¢ 5 13 75 N/A
la+ 1c? 3a ~18° N/A N/A N/A

General conditions: aldehyde (1, 0.5 mmol), malononitrile (2 1.5
mmol). “Reaction time: 4 h. “Prolong the reaction time to 10 h. “Ratio
of 025 mmol vs 0.25 mmol. “GC yield.

dia-C9-net dia-C9-net

(Side view) (Top view)

Notable properties: BET SA of LZU-301 is 654 m’/g; pore size: 5.8 x 10.4 AZ (contracted form) to 9.6 x 10.4 A% (expanded form).
Significant stepwise and hysteresis uptake is observed from THF adsorption isotherm at 283 K indicating LZU-301 retains its contracted
phase for dynamic response at higher temperatures. Dynamic behaviour is studied by 2*Xe NMR spectroscopy. CO, uptakes are 2.63 and
1.59 mmol/g at 273 and 298K respectively at 1 bar. Dynamic CO,/N, separation at dry condition, 298K, 1 bar: CO, uptake is 0.22 mmol/g.
Uptake is 0.29 mmol/g under 17% RH and 0.37 mmol/g under 83% RH indicating water-assisted gate opening. Reprinted with the
permission from the American Chemical Society (reference S4).
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Post-Functionalization
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AcOH

Vacuum

Acid cata|y5|s

HoN OOO w

This work: SupramolecuEr'Functionalization

CHO

Building units

Backbone Functionalization

~ S
ACOHIELN fotcoon f

/ ﬁ Vacuum \3\7
m«um

OFF Catalysis

CH,COOH-NEL@COF

Basic&alysis

Strategies for the catalytic functionalization of materials and the
supramolecular functionalization used in this work.

Catalyst
o}
NC._CN + T (5 mg. 1.4 mol%) Nc.hl,cw
, Ph;a Toluene (0.6 mL), rt ~pn
(0.11mmol) (0. 1mmol) 9a
Without catalyst Yield = <5%; 14h
€-3 Yield = <5%: 14h
a-3 Yield = <5%; 14h
CH;COOH:--NEt;@c-3 Yield = 28%; 14h
CH.COOH:--NEt;@a-3 Yield = 71%; 14nh
o CHzCOOH---NEt;@a-3
NC._CN + ] (5 mg, 1.4 mol%)] NCT'CN
-~
R Toluene (0.6 mL), rt “R
7 (0.11mmol)  8a-g (0.1mmol) 9
NC._.CN NC.__ _CN NCTCN
T . P N
E\JJ H&J\OMQ S~
9a, 71% yield® 9b, 1% yield 9¢, 65% yield
14 hours 20 hours 14 hours
NC._CN NC._.CN {ﬂ‘ ™
| NC~ \ NC/%
. - ‘\L/?\\ - \I /31:\/ 1
S JJ (I
9d, 68% yield 9e, 63% yield 9f, 59% yield 9g, no reaction?
10 hours 20 hours 14 hours 24 hours

S5

COF-300 is modified with the acid (CH;COOH) and base (NEt;) to impose catalytic activity of ring-opening reaction of epoxides and the
Knoevenagel reaction. The catalytic activity is modulated by confinement effect of the nano porous materials (supported by DFT studies)
and this results in the size dependent catalytic activity. Energetics of the catalysis has been modeled. Reprinted with the permission from the
Royal Society of Chmistry (reference S5).

CO, utilization

6 Synthesis of IL-ADH, COF-IL and its idealized structure.

s
O _NH
cHO
HO. OH s
=

OHC 'CHO _\_
OH oy
p NH,

1L-ADH

Chitosan COF composite:

”“EHO%}:

COF-IL

CO, cycloaddition with styrene oxide.
o] (o]

A

COF-IL O (o]
———

+CO, (1 atm)

Table 2 CO; cycloaddition with substituted epoxides catalyzed by
COF-IL and COF-IL@chitosan”

Entry Substrate COF-IL? (mol%) 7(°C) t(h) Yield* (%)

80 48 98

»

3.0 80 98

.9

1) HMPP, ultrasonic shaking
ii) Av (365nm/300W), 0.5h

HS iii) Freeze, 12h S
. ~ drving. -50°C. 24]
Chitosan-sH iv) Freeze-drying, -50°C, 24h @; .
N Br
b) ]

Fabrication of COF-IL @chitosan aerogel.

3.0 80 ~100
4 A/O 3.0 80 48 97
NN
5 A(\a, 3.0 80 48 89
s
6 O/k/A 3.0 80 8 7
7 A(v), 3.0 80 48 7
"
8¢ O’A 15 g0 7 o9

& Rcactlon conditions: 13.0 mmol of epoxide, 1 atm of CO,, solvent-free,
COF-IL. ? Calculated based on the number of active sites in COF-IL.
¢ Yields were determined by 'H NMR spectra. ¢ Scale-up experiment
based on cuplike aerogel reactor: 175 mL (1.53 mol) of epoxy styrene,
1 atm of CO,, 16.8 g of COF-IL@chitosan (1.5 mol% COF-IL equiv.),
solvent-free.
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(reference S6).

lonic liquid decorated COF (COF-IL): BET SA: 291 m?/g and pore sizes are 16.5 and 22.2 A. CO, uptake: 106.04 cc/g@273K and 59.37k
cc/g@298K at 1 bar. Zero loadig HOA: 28.8 kJ/mol. CO,/N, selectivity: 43.38@273K and 59.96 @298K. CO,/CH, selectivity:
15.95@273K and 13.85@298K. CO,/H, selectivity: 235.37@273K and 216.98@298K.

COF-IL@ chitosan: BET SA is 103.3 m*/g. CO, uptakes for the composite: 38.77 cc/g@273K and 25.83 cc/g@298K. Zero loading HOA is
16.3 kd/mol. CO,/N, selectivity: 93.65@273K and 98.82@298K. Reprinted with the permission from the royal Society of Chemistry

HoN ‘

NH,
CHO

HO
NHZ
QQOO

z

I-|| BE TD-COF CIHO C|H3
N+ COp+PhSiH, — o > %,
CHy

CH;CN

Ph”

Reduction of CO, with N-methylaniline and PhSiHs.

N
Ph” “CHj Ph’N‘CH3

7 HoN NH, CO; cycloaddition with epoxides: S7
CHO O Q CHO 2
on 4 A
o + o, 23 DhaTph-COF _
- ¥ + ? R ( atm) TBAI (0.05 mmol) ((:] g(s mmol) \—(
CHO CHO
2.3-Dha O 2.3-Dma
i 0 NH, . . o»//
HaN Tph Building units CHV /O/k, /©/v
Yield: 94 % Yield: 90 % Yield: 95 %
TON: 470 TON: 460 TON: 475
Sel: »99 Sel: »99 Sel: =99
o]
4 0 0
o, O~ 8]
o}
o A
Br
Yield 84 % Yield 93 % Yield 90 %
TON: 470 TON: 460 TON: 450
Sel: »99 Sel: »99 Sel: =99
o o]
A < o
o0, o] 00—
) (
AP /‘k/L c‘/\Q/o
vield: 78.% vield: 84 % Yield: 88 %
BET surface areas for for the COFs are ~1000 m?/g. Synthests of oxazolidinones: ‘
| o o
N, aTph \
o i soemecor @/5 .
N-R, R: Me, Et, iPr, Benzyl, cyclohexyl etc. TON:195-480. Yield: 40-
96%.
Reprinted with the permission from the Royal Society of
Chemistry (reference S7).
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mailto:59.96@298K
mailto:216.98@298K
mailto:93.65@273K
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[OH]xs-TD-COFs

[s]
B Ao (BE)

Williamson ether reaction

T
o __Nm =N
[+] L]
,..jj o
P @
2

[BE]ys-TD-COFs:

gNp *+ CO; + PhsiHy

cand N

on .

condid R"R

H condition 2 CH;
' - " \
COngis; R

a W H

R

CHO
N b (formamide)

N & c (methylamine

2
H-C N R d (aminal)
R' R'

@—NIH 23b yield 99%; sele. >99%
23c yield 92%; sele. 99%
23a 23d yield 93%; sele. >99%

/| 25b yield 99%; sele. >99%
c};—@—NH

25a
—@-NH 27b yield 68%; sele. 95%
2 27c yield 58%; sele, 92%
27a
29b yield 96%; sele. >99%

@Nj 29c¢ yield 85%; sele. 99%

H 29d yield >99%; sele. >99%
29a

D_ 31b yield 88%; sele. >99%
NH;

31a

CI—@-NIH 24b yield 95%; sele. >99%
24c yield 87%; sele. >998%

24a 24d yield 86%; sele. >99%
N—  26b yield 68%:; sele. 99%
s

26a

28hb yield 65%; sele. 93%
c'_@'NHZ 28c¢ yield 55%; sele. 90%
28a

30b yield 95%; sele. >99%

0\_’NH 30c yield 76%; sele. >99%
30a
E' | 32cyield 41%; sele. >39%
Crin
32a

Zwitterionic COF, [BE]xy-TD-COFs: Betaine groups (BE) are introduced onto the channel walls of presynthesized frameworks via pore
surface engineering methodology. BET SA and pore sizes vary with OH and BE’s % loading. [OH] 0% to 100: 2280-1680 m?g (3.24 nm).

[BE] 0% to 75%: 2020-470 m*/g (3.17-2.95 nm). Reprinted with the permission from the American Chemical Society (reference S8).

9

NH,

COF-JLU6 @

HN

- +

NN Ho
NJ\©\ CHO
NH,  H,N

CHO
OH

COF-JLU-7

NH,

O COF-JLU7
& e

NH,

-OF=JLU6

Cycloaddition of CO, with epoxides to form cyclic carbonates. | S9

o Co, yo
f } _— =
R COF-JULs 0\)\/R
Entry Substrate Product Yield (%)°
0
0 yo 92

Br
0.

1 e o_J_.cl 96°
r

\FO

0,

\fo

AL

N S U
AL Lo &
. A O °\Z—\c}_/o-© T

o a9

99°

B
o 79

sReaction conditions: COF-JLU7 (0.051 mmol), epoxide
(10.21 mmol), TBAB (0.51 mmol), CO, (0.1 MPa), 40 °C, and
48 h. *Determined by *H-NMR spectroscopic analysis.<80 °C

and 12 h.

BET surface areas for COF-JLU6 and COF-JLU7 are 1450 and 1392 m?/g. Pore sizes are 3.3 and 3.4 nm for COF-JLU6 and COF-JLU7.
CO, uptakes are 129 and 151 mg/g for COF-JLU6 and COF-JLUY respectively at 273K, 1 bar. Zero loading HOAs are 30.8 and 28.1 kJ/mol
for COF-JLU6 and COF-JLU7. Reprinted with the permission from the Royal Society of Chemistry (reference S9).

Biomimetic-catalysis
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oL OH

O HO HO
(1-X)DMTA  X-DHTA
HoN AP NH,

[OH]y-COF

Tl >
peef.

[OH],-COF [SO3H]-COF

o - i{"i:o,n
=
S = O

PVP@SOsH]x=COF
Synthesis scheme of PVP@[SO3H]x-COF.

HOHC ™ on P

.0 OHC CH,OH
2 »
i \@/
CH,OH

HO
Dehydration of fructose to produce 5-hydroxymethylfurfural.

Entry Catalyst Time Conv. Select. Yield
(min) (%) (%)°®  (%)°

145 PVP@[SO3H]o.17-COF 30 >99.5 99.1 99.1
2 [SO3HJo.17-COF 30 232 ma 17.9
(120) (94.6) (352) (333

3 Nafion® NR50 30 97 546 53
(360) (89.3) (19.4) (17.3)

4 Amberlyst-15 30 153 67.1 10.3
(180) (95.2) (295) (28.1)

5 TsOH 30 285 735 209
(120) (>99.5) (37.8) (37.8)

6 PVP&DVB@[SO:HJo.17-COF 30 86.7 62.7 549
7 PVP@[SO3H]o.23-COF 30 96.4 893 86.1
8 PVP@[SO3H]os0-COF 30 91.2 75.6 68.9
99 PVP@[SOsH]o.17-COF 30 >99.5 971 971
10° PVP@[SO3H]o.17-COF 30 >99 5 98.2 98.2

? Reaction conditions: fructose (100 mg, 0.56 mmol), catalyst (based on the
amount of sulfonic acid 2.0 mol%), 100 °C, THF (3.0 mL), and the reaction time
has been optimized; °the HMF selectivity and yield were determined by the
combination of liquid chromatography and gas chromatography. ¢ isolated HMF
yield 94.5% (Figure S12). ¢ recycle for 5 times. ¢ fructose (1.0 g),
PVP@[SO3HJo.17-COF (2.0 mol%), 100 °C, and THF (20 mL) for 30 min; The
values in parentheses refer to the time used, as well as the conversion of
fructose and selectivity and yield of HMF at that point.

BET SA: [OH].17-COF: 1898 m?/g. [SO3sH]o17-COF: 1510 m?/g (pore size = 3.3 nm). PVP@[SO3H],.1--COF: 644 m?/g. Reprinted with the

permission from the Wiley Online Library (reference S10).

2

11
CHO NH
HO, OH SO;H
+
OHC CHO
OH NH,
TFP

DABA

Synthesis of 5-hydroxymethylfurfural from fructose using TFP- S11
DABA.

HOH,C o

OH
o - OHC CH,0H
TFP-DABA
o] DMSO, 1h \@/

CH,0H
HMF

HO
Fructose

Yield: > 90% for HMF.

HOH,C o OH TFP-DABA (10 mol%)
HO KBr (20 mol%)

L I?( I\
CH,OH > OHC/O\CHO
OH

DMSO, 100 °C, 12 h 2
DFF, 65% yield

Fructose

One-pot synthesis of DFF from fructose catalyzed by
TFP-DABA and KBr. Yield 65%.

The amount of dangling sulfonic acid groups in TFP-DABA is estimated to be 3.15 mmol/g by acid-base titration, which is comparable to
the theoretical value of 3.42mmol/g. BET SA is 158 m?/g and the pore size is 1.4 nm. Reprinted with the permission from the Wiley Online

Library (reference S11).

Epoxidation Reaction
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12 Olefin epoxidation. S12
r
A )]
(T 2 s PMA@COF-300 NN
. | HO
9 Yield: ~17-99%. TOF:16-162.
tetra-(4-anilyl)-methane terephthaldehyde COF-300 () hsel f | h
A - . i) High selectivity of epoxycyclooctane in 3 h at 50 °C.
12-phosphomolybdic acid (PMA) immobilized in the COF. ) ] A h
Preparation conditions and doping levels of catalysts. (ii) Notably, the relatlyely inert ter_mlnal alkene of 1-0cte°ne can also be
converted to epoxide at a reaction temperature of 60 °C.
Catalyst Temp. Mo (%) PMA (mmol/g) | (iii) It was found that this relatively bulky cyclododencene
(°C) (with kinetic diameter of around 8 A) could also be converted to
corresponding epoxide over the PMA supported catalysts.
PMA@COF-300a 20 4.13 0.04
PMA@COF-300b 80 4.22 0.04
PMA@COF-300c 80 16.22 0.14 Reprinted with the permission from the Elsevier (reference
S12).
Michael addition and Diels-Alder reaction
13 Michael addition reaction S13
Cl
CHo0 \/// o .
Catalyst (10 mol%)
o) L + \)LH ;lsz:()-j‘lil()ll(l/l; NO,
NO,
Time for 100%
o o DCBIBUOH conversion (h) dr ce (%)
o Acetic A::.ld (3m)
"o - Control 3.3 60/40 49
DHTA 120 °C, 720 [Pyr].s-H,P-COF 1 70/30 49
[Pyr]s0-H,P-COF 2.5 70/30 50
[Pyr];5-H,P-COF 5 70/30 51
[Pyr];00-H,P-COF 9 65/35 44
X =0, H,P-COF
X = 25,[HC=C],5-H,P-COF oooc——> 18 pL/min c|—< >ﬁ 0
[HC=C,-H;P-COF ~[x=so,[[HCsc]]:f,-H§P-cor T Lo, M
X = 75,[HC=C];5-H,P-COF U |
X = 100,[HC=C];90-H,P-COF H,O/EtOH=1/1
gs P ‘ cl
o m (}ré}"O W v ;
O 5 R X \ Q COF Catalyst
. . »o;J\} "o H MO q (10 mg)
Toluene, t-Butanol, oM N
s A o @ | 100% Conversion
; £ dr = 65/35, ee = 44%
Ot O 3 T for>48h Product
Flow reaction system for the organocatalytic COF column.
X =0, HP-COF
X = 25, [Pyr],5-H,P-COF
[Prle-HzP-COFA{x = 50, [Pyr]so-H,P-COF
X =75, [Pyr];5-H,P-COF
X =100, [Pyr]yo0-H.P-COF
BET SA of COF-SQ is 1195 m?/g and pore size is 3.6 nm. Reprinted with the permission from the Royal Society of Chemistry (reference
S13).
14 B o S14
NH, Ry Re
Xx-N02 O O 10 mol% catalyst NO2
CHO /©/\+/ R MR Toluene
0, NH R % 50°C,24h
* COF-SQ R: H, CH3, OCH3, C', Br.R1: H, CH3 R2: H, OCH3, OC2H5. Yield:
OHC CHO ¢ NH 63-98%.
Michael addition reaction between b-nitrostyrene and 2,4-pentanedione®
NH,

S8




o i
@A’N% MOmol% catalyst
. NO,
Q\IH 1a 2a 3aa
UW
a ©~ Entry Catalyst Temp (°C) Time (h) Solvent Yield? (%)
" 1 COF-SQ 50 24 Toluene 95
k@"\ 2 COF-$Q 50 24 THF 70
N2 3 COF-$Q 50 24 Acetone 40
53 4 COF-SQ 50 24 CH,Cl, 99
H 5 COF-SQ 50 24 CHCl;, 76
i'e 6 COF-SQ 50 24 DMSO 88
o @ o 7 COF-SQ 50 24 MeOH 33
8 COF-SQ 50 24 CH,CN 79
'"'@'" 9 COF-$Q rt. 24 Toluene 75
10 COF-$Q 60 24 Toluene 98
; L ; 11 COF-SQ° 50 24 Toluene 64
The fram_ework prowdes. efficient hydroggn bonding 12 Munugﬂ 1 0 o Toluene 35
interaction leading to the catalysis. 13 Monomer 2 50 24 Toluene Trace
14 Model compound 4 50 24 Toluene 63
15 2DP,,; 50 24 Toluene Trace
4 Reaction L'UI'l[.lltlUI‘l 1a (0.10 mmol), 2a (0.15 mmol), COF-SQ (10 mol%] in
1.0 mL solvent. ? Determined by "H MNR spectroscopy of the crude mixture.
“ COF-8Q (5 mol%).

As the ethynyl content increases, [HCRC]x-H,P-COFs exhibit a decrease in the BET SA of 1126, 1092, 859, 324, and 206 m?/g as the
ethynyl content increases from 0 to 25, 50, 75 and 100, respectively, whereas their pore sizes decrease from 2.2 t0 2.0, 1.9, 1.5, and 1.5 nm.
The [Pyr],s-H,P-COF has a surface area of 960 m?/g, which decreases to 675, 86, and 63 m?/g for [Pyr]se-H,P-COF, [Pyr]ss-H,P-COF, and
[Pyr]100-H,P-COF, respectively. Their pore sizes decrease from 1.9 to 1.6, 1.4, and 1.4 nm, respectively. Reprinted with the permission
from the Royal Society of Chemistry (reference S14).

o S15

15 OHC CHO
O O O NH2 Py-An-COF ‘-/R
“ t H;N 3l i (10 ::g({ o

O DAAn

OH
R: phenyl, benzyl -bromophenyl, p-nitrophenyl, cyclohexyl, ethyl.
Yield: 60-90%.

Catalytic Diels-Alder reaction of 9-hydroxymethylanthracene and N-
substituted maleimide using Py-An COF catalyst at 25C, 1bar.

Reaction M
Entry R Solvent  time (h) No COF  With COF
2« 1 Phenyl EtOH 6 24 >99
® 2 Benzyl EtOH 6 10 87
g 3 p-Bromophenyl  EtOH 24 21 83
w2 1 p-Nitrophenyl EtOH 24 5 50
5 Cyclohexyl EtOH 24 22 60
6 Ethyl EtOH 24 38 87
7 Phenyl Water 48 13 91

|
Py-An COF: BET SA is 1479 m?/g and pore size is 2.4 nm. Pore volume = 0.7 cc/g. Reprinted with the permission from the Royal Society
of Chemistry (reference S15).

Phase-transfer Catalysis

16 NH, . . S16
O n-CanBI' Kl (5 equiv.), 5 mol% Cat_.—_ n'CsH17I
i /_\ Solv. 70°C, 10h
o O Phase Iranster Catalytic Activity of 18C6-COF In the lodination

¥ O j of 1-bromooctane under Solid-Liquid-Solid Condition. When solvents

OHC CHO 0\_? are THF and EtOAc, yield = 96%.

1.3.5-Triformyl benzene O
Different nucleophilic substitution using different nucleophiles and the
NH, 18C6-COF as the phase transfer catalyst.
CE-TPDA
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. R . 10% mol 18C6-COF ]
p} N.vém RX +Nu Solv. reflux RNu * X
Q Yield (%)t
) a3 2 ® Entry RX Nu- Solvent T(°C)/t(h) /Controlled
0 N > yield (%)<
Lt k@?’" 1 n-CHsBr  CH5COOK CH5CN 85/5 85/27
N 2 n-CeHyzBr  CHyCOOK  CH5CN 85/5 91/26
:j: :ij Egi ©) ~ 3 PhCH,Br  CH;COOK CH4CN 85/5 99/34
=3, 18C6.COF G o 4 PhCH,CI  CHCOOK  CH3CN 85/5 81/23
. 56U PhCHBr  PhCOOK  NB/H,0 100/10 96/25
S 6 PhCH,Br KSCN CH4CN 85/1 99/31
s r 7 PhCH,Br PhOK CHaCN 85/5 94/23
1,3,5-Triformylbenzene Q O E:’ ) N\\,é\‘ 8 PhCH,Br NaN, CHsCN 85/5 97/36
Q% e 9 PhCH,Br KCN CH5CN 85/10 82/N.D. [
v "%PQN & 10 PhCH,Br KF CHACN 85/10 84/N.D.
11 No. KF CH4CN 85/24 47/N.D.
L 12 @ KF DMF 100/10 86/32
a Unless otherwise noted, the reaction conditions are: halides (0.25
mmol), nucleophile (1.25 mmol), and 18C6-COF (10 mol %, 14 mg),
2 mL solvent, GC-MS determined the structure. b GC yield. ¢
Controlled experiment in the absence of catalyst. d 1.25 mmol
PhCOOH + 1.5 mmol KOH in 1.5 mL H,0 and PhCHBr in 0.5 mL
nitrobenzene (NB). e N.D. = not detected the product.

Crown ether decorated COFs. BET surface areas of the 12C4-COF, 15C5-COF and18C6-COF are 210, 59 and 47 m?/g. The pore size for
the COFs are around 3.2 nm. Reprinted with the permission from the Royal Society of Chemistry (reference S16).
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Table S2: Non-noble metal-based COF catalysts.

No. | Structure and code of the COF and Notable properties | Catalysed Organic Reaction | Ref.
Oxidation Reaction
1 Nz S17
o Os__NH o
HO. OH —_—
% Ar/\ Ar/<l
OHC CHO i .
OH Epoxidation of alkenes.
H'f 2 Scope of the Mo-COF catalysed epoxidation of alkenes.?
Ntz Entry Substrate Product Conversion® Selectivity®
o. i o >99 71
oH T 1
0 O o
< >—<O
3 5 71 80
il < > [o

4 62 86
5 R 42 >99
6 o Poc oo 20 >99
7 A D 5 >99

2Olefin (1.0 mmol). TBHP (2.0 mmol), catalyst {0.01 mmol), 1,2-dichloroethane (2.0 ml.) and bromobenzene (50 mg)
as an intemal standard sealed in a Teflon-lined screwcap vial were stirred at 80 C for 6h. " Conversion (%).
« Selectivity (%) were determined by GC using an SE-54 column.

i
HNS0  Mo-COF L. Mo(HsY),
AN 0 -

BET surface areas of COF and Mo-COF are 244 and 63 m?/g. ICP-MS estimates the Mo contain to be 2 mmol/g. Active metal: Mo(V1). Reprinted
with the permission from the Royal Society of Chemistry (reference S17).

2 F Selective oxidation of styrene. S18
iy =,-Q) Mg
\"'ZTH 0
K. Tf" o
s L
Lo :E A — > ar H
L0,
TAPT . 1":1 . TAPT-DHTA-COF
Neg 5 Boat
Lo g Py
DHTA )\D'ff]ﬁf\ g i 04

CutAd); % -Q)—»FQ"NO-

TAPT-DHTA-COF

S11




Entry Substrate Product Conversion (%) Yield (%)®  TOF (b
(o]
x
14 @/\ @A H
2¢ @ O)I\ 98772010 93012009 2565

76.13£020 58.01=0.14 1977

74.56+0.10 17.92+0.02 1936

, OO
44

44.87£0.20 39.88+0.18 11.65

21.55+020 10.51=0.10 5.60

Two methods are employed to synthesize the COF, reflux in DMF (TAPT-DHTA-COFpye) and solvothermal condition (TAPT-DHTA-COF.y).

The surface areas for the COFpy= and COFp are 660 and 2238 m?/g. Cu(OAc), is dissolved in methanol and then the COF is dispersed in the
solution. The surface areas are reduced to 336 and 1886 m?/g for COFpye and COFy respectively. Active metal: Cu(l1). Reprinted with the
permission from the American Chemical Society (reference S18).

3 Selective aerobic epoxidation of olefins
H,N NH, IBA, O; o
O Q cat.,, RT
S/ N\ —— /A
CHO R{ R,
R Ry
M R1: Ph, cyclohexane, cyclopentane, cyclooctane etc. R2: H. RT, O, atm.
Ent.  Substrate Product Conv. Select.
OHC CHO (%) (%)
O O oy
H,N NH, 1 [ ] >99 93
2 | 78 >99
—/‘
3 LW 90 >99
o

a [ ) [ o 79 >99

., .9
5 ‘{\%\ <] 59 >99

/ \ 0
6 \(\/);\ \/<<] 29 >99

) o]
M;\ <] 2 >99

‘9

S19

The BET surface area of CPF-2 is 660 m’/g and pore size are 1.55 nm. The BET surface areas of Co-CPF-2 and Mn-CPF-2 are 475 and 454 m?/g.

ICP-MS: Co-CPF-2 and Mn-CPF-2 contain 4.71 Co and 4.03 wt% Mn ions, respectively. Active species: Co(ll) and Mn(l1). Reprinted with the

permission from the Elsevier (reference S19).

4 N“z Epoxidation ofcyclooctene with H,O,:
HO CHO NH
H " O O NH; @ i CHO% Ornnhsl H2 () o

NH,
NH, CHO mtnl\\l H:02
N
S EA®
HoN N//I\NHZ Nt':uo

S20
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3314_@_" LCN% Selectivity

p Substrate Catalyst Con. (%) (%)

PMA@COF-LZU1 49

oo /Q\cmj- Hae{ iy —> 33_;&— )
Fe/PMA@COF-LZU1 69
PMA@CIN-1 83
. %?"“(}N\_Cg:; @ =99

iy Fe/PMA@CIN-1 88
f‘“““’”&qu # »r 7 PMA@COF-300 52
Y Yl Fe/PMA@COF-300 62
" & T’l ? A _@_@ e/PMA@
NH} =y ®! HZN% et ? W
NH S, NHp
+ ! ps o ° Fe/PMA@CIN-1 58 =99
o . e
s,
0 1, o N gﬁ
S “TL“)‘“’\GM“J s Q
Tt %P Lo Note: The COF and the COF-composites s do not exhibit high degree of

crystallinity.

Fe-doped H3PMo,,0,, immobilized on covalentorganic frameworks (Fe/PMA@COFs). BET SA: COF-LZU1: 207 m?/g, Fe/lPMA@ COF-LZU1: 35
m?/g, CIN-1: 246 m’/g, Fe/lPMA@CIN-1: 77 m?/g, COF-300: 284 m?/g, Fe/PMA@COF-300: 56 m*/g. Active species: Fe** and PMo,,"". Reprinted
with the permission from the Royal Society of Chemistry (reference S20).

5 Mn-CPF-catalysed epoxidation of alkenes. S21
H,NHNOC CONHNH, CHO
— CPF 1 o
HO R > R/<I
5 o o Scope of Mn-CPF-catalysed epoxidation of alkenes®
il Entry Substrate Product Catalyst Conversion® Selectivity':
HaNHNOC 'CONHNH; HO' OH

* Q_\\ O—VO Mn-CPF-1  99/96¢  68/62¢

? i 2 § ) 4 >—V Mn-CPF-2 ¢
o o) n-CPF-2 93 60
ey oy o g Mo 3 —CPF- 99 9
i "\'(‘s"":n*{‘%"“ oy "\,—f""ui}'\?u“ e s O O:o Mn-CPF-1 99 >99
EatRtY o UA o /\:\‘ e 7\);
ps A o - gy Jnin
_}),, m;f‘u % 17”1:"'3}2{("'“ " 7‘1#: h "f{/u S 4 Oo Mn-CPF-1 95 >99
- o UG 20
P CPF1 i 7 R o)
Q - ' = 0.
e Yo oden T 5 o~ N Mn-CPF-1 81 >99
. . LA
H - I O.
'}L [ . ¥ CPE2Z; 4 .SE‘,, 6 A NS Mn-CPF-1 66 >99
o Y. ¢
»i,o{“,‘:"fg . 'ni,(}‘\':.".g},‘?:’“ o) " e 7 o DN~~~ MDCPE1 20 >99
L O A o . A e )
) Q o I OLE ’LU«"J"LH 2o Ely S *Olefin (1.0 mmol). TBHP (1.5 mmol), catalyst (0.01 mmol), ile (3.0 ml) and
Hyo o y/}\‘ o ‘Q{f {,;\D g T Lo (50 mg) as an internal standards sealed in a Teflon-lined screwcap vial were stirred at 80 C for 24h.
i \;} %‘\‘ ¢ (%)- Y (%) were by GC using an SE-54 column. 50 C for 1min, then

10 C per min upto 140 C and 140 C for 15min. %After thrid cycle. “The byproducts were benzaldehyde and
benzeneacetaldehyde.

BET SA for CPF-1 and CPF-2 are 158 and 92 m?/g. ICP-MS: Mn content of 1.7 mmol/g for Mn-CPF-1 and 1.6 mmol/g for Mn-CPF-2. Active
metal: Min(I1). Reprinted with the permission from the Royal Society of Chemistry (reference S21).

Glaser-Hay Coupling

alyst

rR—=l + ==, - - —=—=R.+R——=—=—R + R—=—=—R: 822
0.3 ml CHClg+ 0.1 ml dioxane

0.5mmol — 0.42mmol 3 mmel TMEDA, $0°C: 4 hrs Product R, =Anyl: Ry=Alkyl

L 2 o @%éw O%@ @%‘m
N ! "() 1a; 75%:188: 47 1b: 72%: 181; 45 1d; 71%; 178; 44
NH, 2
9 o Sn -

HaN,
CHO Y OH ==
+ 0-DCB, BUOH, AcOH ™ ISERP-COF9 () ~—\"™ l
—_—T - " 2 5 & : 69%: 2
- @ 12050 i 203 73%: 183; 46 2b; 72%; 181; 45 205 69%; 173; 43
H Z N P
) &= (on = /.. =

o

Sa; 74%:; 186; 47
Hico == {on
6a; 72%; 1815 45

== {on

MEC Ta; 68%; 1715 42

3b; 68%; 1715 42

FC e
4b; 78%; 196; 49

B e
5h; 66%: 1663 41

HicO- =—=—+{on
6b; 74%; 1863 46

== {on

MO Th; 67%: 168; 42

3d; 65%: 163; 40

Fe —_——

o
4d; 72%; 181: 45

Br- ==

o
5d; 68%; 171; 42

'
6d; 73%:; 183; 46

oH
HiCO Td; 75%; 188; 47

High selectivity for heteroproducts governed by substrate binding
and orientation directed by the COF nanopore.
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Periodic lining of the channels by the hydrogen-bonding
hydroxyl and basic pyridyl sites (shown in cyan) and the channel
dimensions.

R2

AaCu (0)/(1)
Reductive 4 o\ CHCI;+Dioxane+TMEDA
elimination Oxidative
addition
, ~Cl
Q<
iy )
4 =R2
=-R1

) 22
S rz ©!
Reaction mechanism based on cyclic voltammetry and XrS done

on frozen reactions. Labile Cl and variable oxidations on Cu are
crucial.

BET

SA: 1171 m?/g and pore size 13 A. Cu content ~5 wt%. Active metal is Cu(0)/Cu(l). Reprinted with the permission from the American
Chemical Society (reference S22).

Chan-Lamcoupling

7 Chan-Lamcoupling reaction of aryl boronic acids andamines. | S23
B(OH), R,
|
g n Cu@PI-COF M\R2
Ri” “R2 McOH, H,0, RT
R; and R, are different aliphatic and aromatic groups.
Yield: >80%
B(OH), NH, H
Cu@PI-COF N
GulOic R + R2 R! R?
Eon MeOH-H,0, r.t.
1 2 3
N-arylation of 1H-indazol-3-amine has also been investigated. For
all three reactions several electron withdrawing and donating
substrate scope has been investigated.
The structure has not been modeled and the PXRD does not suggest a typical COF structure. No porosity has been reported. ICP-MS: Cu loading 5.33 wt%.
Active species: Cu(ll). Reprinted with the permission from the Royal Society of Chemistry (reference S23).
Prins Reaction and Mannich-Type Reaction
8 Prins condensation: S24

NH,
CHO
OH
NN +
! N/ OH
CHO

HoN

OH

(o]

J]\ catalyst
—_—

H H

Nopol

Yield >90%.
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Sulfide Oxidation with Differently Substituted Substrates Catalyzed

ﬁj\ with VO-TAPT-2,3-DHTA COF and Other Homogenous Analogue®
Sz
5 i
B \ Entry Sulphide Sulphoxide  Time(h) Conver.  Yield
Jl/j}‘\ B % %
N™E Ny PN a
T R ;
Xy o i A /\‘( 1 || 4 99 96
\1151‘3 i) Kl{l\gw PN
W T % J o
NN ¢ ~ o 4 99 95
|
~Z 0.A
g o=vZ 1) ”
Ny : 0N
[ v=0 3 s
o~ A 3b ©/ o i 4 84 75
)\v\’ Z I N &\
A o N°N P
( 4 \\\ AANNA
ko / o i L g
XA A (l ) 1
AN N S 07 | XY N "L
,J!;( Uy A0 1 . ©/ ® 4 93 81
LN .
QL
NN i 4 96 92
I\ NN g
€ % 5 |
&
i 4 97 93

VO-TAPT-2,3-DHTA COF s :\
¢ 0 1T

Existense of V4+ is supported by XPS and EPR spectra.
88 82

-

®Reaction condition: Sulfide (1.0 mmol). TBHP (1.5 mmol), catalyst (20mg) containing
0.019 mmol of vandadium; CH3CN (3ml.); 25 C; 100rpm; 4h. hReat:tion was carried out
using VO(acac)2 (4mol%); "using VO(catehol)2 (4mol%)

BET SA of TAPT-2,3-DHTA and VO- TAPT-2,3-DHTA are 1151 and 562 m?/g. Pore sizes are 3 and 2.5 nm, respectively. Active metal: V(V).
Reprinted with the permission from the American Chemical Society (reference S24).

9 Mannich-Type Reaction S25
CHO catalyst, reflux
OH DCM
bem o
. ¢[on " OH \N,'O OH
HoN. NH, che NH E j N/\I
q ® 3 o (_o
O‘O i Different phenolic substrates are used.
W Yield >90 %.
HN & & NH; qu’©)\ )\©\NH1 Proposed mechanism:
I why H0
s K. o5 - SO Q
: i Aif s A [

0. é [
VO-PyTTA-2,3-DHTA COF VO-TAPT-2,3-DHTA COF m

BET surface area and pore size: TAPT-2,3-DHTA and PyTTA-2,3-DHTA COFs are 1151 m%/g, 3.0 nm and 1892 m’/g, 1.6 nm, respectively. CO,
capacities of the TAPT-2,3-DHTA and PyTTA-2,3-DHTA COFs are 38 cc/g and 35 cc/g at 298K at 1 bar. BET SA and pore sizes of VV doped COFs:
VO-TAPT-2,3-DHTA and VO-PyTTA-2,3-DHTA are 562 m?/g, 2.5 nm and 1382 m%g, 1.5 nm, respectively. Active metal: (V). Reprinted with
the permission from the American Chemical Society (reference S25).

Cross Coupling reaction

10 | | Decarboxylative cross-coupling reaction: | S26

S15




NH2

HN NH2

DMTP

e

o c;[::[\eom t ock,
) oo, p
Oy e
Cx

N@%N ”“L‘i)f

The COF loses crystallinity upon loading of FeCl; under THF at
70°C. And the porosity drops as reflected by the lowered surface
area. But the isotherm profile remains the same (Type IV).

A loading of 1.07 mol of Fe*" per TBP moiety translating to 3
Fe** per cage is estimated.

FeCl@TBP-DMTP-COF O/\
(20 mol%)
" e [ j DIPB G eqv), Ar/\)\/o
120° C,6h
Ar: 4-Cl, 4-OH, 4-CHj;, 2-CHj3, 4-OCHjs, 2-OCHj substituted
phenyl groups.

Entry | Ar Yield

(%)

b ko |7
H5CO

3 Qw 47

OCH;

4° QW 42
OCHa

5 — 62
Cl N

Reaction conditions, unless otherwise specified: cinnamic acid

(0.067 mmol), 1,4-dioxane (0.5 mL), DTBP (3.0 equivalent),
FeCl;@TPB-DMTP-COF (20 mmol%), 6 h, 120 °C; ®Isolated yields;

°E jsomer of the cinnamic acid was used; °Z isomer of the cinnamic acid
was used.

BET SA of TPB-DMTP-COF and FeCl,@TPB-DMTP-COF are 1200 and 235 m?/g. Pore size: 34.3 A for TPB-DMTP-COF and 31.4 A for FeCl,@
TPB-DMTP-COF. AAS: Fe** loading = 7.85 wt%. Active metal: Fe(111). Reprinted with the permission from the Springer (reference $26).

Suzuki- Miyaura Coulpling

11

Model Compound Approach

T
e

Salicylideneaniline (SAH)

Nickel Biia
complexation [ S7°°

E
. .
i OH N
Sl h
OHNNon

) ] NiL, optimization | !
i /N reations | "'
W M J N
N YWYy
g ' Best NiL,@SA
H preparation condition

4 Apply this methodology to COF

B(OH), CHO

+ [Ni] (0.2-10 mol%)

K3POy (2.6 eqv.)

Toluene/ heat or MW

Suzuki-Miyaura cross-coupling reaction catalysed by Ni(ll) doped
COF. The reaction is done under microwave condition. No
activity under conventional reflux conditions. Extreme care has
been taken to keep the reactions dry and in a glove box.

Yield: 0 to 34% (only under Microwave conditions)

Note: Interestingly, no Ni* leaching was found, but the activity is
only moderate and the conversion drops every cycle. This

S27
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The Ni** binding site of the COF resembles simple
salicylidene type unit, well known to bind to Ni**

suggests that even as well dispersed sites anchored on COF, the
catalytic activity can be lost over cycles.

BET SA of RIO-12 is 1458 m?/g. Pore is 17 A. ICP-AES: Ni** loading = 3.6 to 25 wt %. Active species: Ni(Il). Reprinted with the Wiley Online
Library (reference S27).
Reductive Cleavage of C-S bond or Desulfurization, Nitro/Nitrile reduction reaction
12 S28
-~ SMe H
R/ EtMezSi-H (5 eqv.) R/
\ N| DBA-2D-COF (10 mol%) \
1a-h \. DBA[12] 2a-h
pEAUZECHO,  CHO Toluene, 130° C,14h
H H H H
a . @ Br@ @ZO’ Meor@
@@ @ i o
e by Ni-DBAL12] 22, 26%¢ 2b, 45% 2c, 99% 2d, 38%d
+ T ” DBACOFS  { Ni-DBA-2D-COF  2a, 20%¢d 2b, 76%¢ 2¢,87%¢ 2d, 45%¢.d
Hydrazine / \ \ " " O H O H
Y,N FAY L L S
Ni-DBAI[121 2e, 79% 21, 72% 2g, 5% 2h, 9%
W Ni-DBA-2D-COF 2e, 46%° 21, 44%¢ 29.2% 2h,18%¢
T Q
O Q
‘ NiDEA-2D-COF oDy, Reductive cleavage of aryl C-S bonds.
,A The DFT calculations suggest that the Ni has to pop out of the
DBA[12] cavity and bind with only one alkynyl unit to form a
O Ni{0) . . . A .
three-coordinate complex before it can oxidatively add into the

The metal is predominantly bound within the cavity of DBA[12] to
produce a Ni(0) 16-electron complex with virtually no interaction at the

C(aryl)-SMe bond. Such metal(0) popping out is known in Pd(0)
catalysis. This is one of the rare cases, where a first-row transition

azine linkage. Hence, the Nickel loading does not alter the surface area
substantially.

metal has been suggested to do that.

BET SA: for the DBA-COF 5 and Ni-DBA-2D-COF are 1643 and 1565 m’/g, respectively. The pore sizes are 1.9 and 1.8 nm, while pore volumes
are 0.70 and 0.68 cc/g for DBA-COF 5 and Ni-DBA-2D-COF respectively (at P/P, 0.899). ICP-AES found 8.56 wt% of Ni. Active metal: Ni(0).

Reprinted with the permission from the American Chemical Society (reference S28).
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13

A Ve,
- @},u_.,@zil =ogmr
O/ﬁ'y\éiw\(?\:;%;» ...%}M NISERP-COF5 M‘%
e N, ,@r‘@*@ﬁm f@g&@‘
Gy, o

RT Ferromagnetic
Co@COF

Diameter: 28 A
Height.: 20
E: 100 kcal/mol

Diameter: 35 A
Height: 20

E: 825 kcal/mol
c

Cluster Diameter: 48 A; Cluster Height: 20; E: 830 kcal/mol

Ferromagnetic Co@COF. Methoxy fucntionalities renders high chemical
stability.

Reduction of nitrile to prlmary amlne
CN

f\j Co@COF.Cat. NaBH4 D
7 MeOH, 3h, RT |/ At
R R

Sel.(>95%) i

S
ph/\”/\ph + Ph7 N7 TPh
other by-products
Activation of BH4™ at the Cobalt facets- rapid Hz release & reduction

[BHJ @ Co[101]
‘ Plateau

dwééé

1a, 86% (»99)° % 1b, 822 (>98)° % 1, ,70% (>96)° % 1d, 85%(>97)° %

3 b
TON=58 TON=57 TON=49 TON=49 1€, 86°(>99)° %

TON=59
NH2 NH2
Me i, s1=(>99)"%1 T
b 1g, 87° (>99)°% TON=56 ], 83°(>99)" %
1f, 852 (>92)° % TON=61 1h, 75a (>88)° % TON=58
TON=60 TON=52
NH2 NH2
& & & o
10, (>93)° %

1n, 682 (>93)° %
1m, 872 (>99)° % TON=47
TON=60

Br 11, 85% (>98)° %
1k, 74% (>94)> % TON=59
TON=51

S29

BET SA: lISERP-COF5 = 1036 m? g . BJH model: Pore size =36 A and pore volume of 1.154 cc g . Co nP loading: 18 wt%. Co nP size = 3-5

nm. Active species: Co(0) and Co(ll) (from surface Co(OH),). Reprinted with the permission from the Wiley Online Library (reference S29).

Cyanosilylation of aldehydes

14

Ho_oun

+

+
HO oM

NH, HC on N,
HHTP

NH,

SN

PZ-COF-| PZ-COF-2

Cyanosilylation of aldehydes:

i .
)l\ + MesSiCN —M/PZ-COFs OSiMe;
>
} DCM
" Ar ’H""'CN

Ar: Phenyl, biphenyl, 1-napthyl, methoxyphenyl etc.

{gﬂ*
b,

2,
Z

O

2,
Z

PZ-COFs

Céj?

25A

ki

2

NN

”%
£83

Mn/PZ-COFs

R
c%

Entry  Ar Catalyst Time (h)  Yield® (%)
1 Phenyl Mn/PZ-COF-1 6 98
2 Phenyl Mn/PZ-COF-2 5 99
3 Biphenyl Mn/PZ-COF-1 6 97
4 Biphenyl Mn/PZ-COF-2 5 97
5 1-Naphthyl Mn/PZ-COF-1 6 96
6 1-Naphthyl Mn/PZ-COF-2 5 97
7 Methoxyphenyl Mn/PZ-COF-1 8 97
8 Methoxyphenyl Mn/PZ-COF-2 8 98
9 Nitrophenyl Mn/PZ-COF-1 3 96
10 Nitrophenyl Mn/PZ-COF-2 3 98

“ Reaction conditions: Me;SiCN (1.0 mmol), aldehyde (1.0 mmol), dry
CH,Cl, (6.0 mL), Mn/PZ-COF-1 or Mn/PZ-COF-2 (0.1 mmol), room
temperature, under Ar. ® Determined by 'H NMR based on the starring

materials.

Note: Despite well-defined cyclized imine-bond formation, these COFs do

not exhibit high degree of crystallinity.

S30

BET SA: PZ-COF-1: 845 m?/g, PZ-COF-2: 1130 m%/g and pore sizes 18 and 25 A. PZ-COF-1: 121 cc/g of H, at 77K, 68 cc/g of CO, at 273K, 14
cc/g of CH, at 273K. PZ-COF-2: 156 cc/g of H, at 77K, 91 cc/g of CO, at 273K, 21 cc/g of CH, at 273K. ICP: Mn loading was 6.3 wt%. Active

metal: Mn(I1). Reprinted with the permission from the Royal Society of Chemistry (reference S30).

S18




S19



Table S3: Noble-metal @ COF as heterogeneous catalyst for organic transformations.

Ent. | Structure and code of the COF and notable properties

| Catalysed Organic Reaction |

Ref.

Bifunctional Catalysts using pre-designed pyridine groups in COF framework

CHO NH,

1

mosle

CN
OH o}
i Z “CN
> -

Cascade oxidation-Knoevenagel reaction from benzyl alcohol to benzylidene
malononitrile. Yield: 98% of benzylidene malonitrile.

Pd/COF-TpPa-Py catalyzed cascade oxidation-Knoevenagel
condensation reactions from alcohols to a,B-unsaturated dinitriles2

Pd

base
R"OH _"R‘O

ta R

=
-[tl”z] A

4+15 99
o8
)
%
93
01
94

CN

4 CH;0-CgH;
4 -CH3—CgHs
4-NO,—C,H,
4-Cl-CgHs
3-Cl—CgHs
n-CgHi3
n-CgHyz

99
97
91
94
93
91
93

Trace

4+15 Trace
7+2
6+2

6+2

Trace

Trace

Trace

12+5 Trace

12 +5

Trace

a Reaction conditions: a mixture of alcahol (1 mmol), toluene (10 mL), and Pd/COF-TpPa-
Py was stirred at 80 °C under O, (1 atm) for t,; h and then malononitrile (1.05 mmol) was
introduced, and the reaction continued for t; h.

S31

COF-TpPa-Py: BET SA 1019 m?/g and pore size is 1.5 nm. ICP: Pd
Pd(0). Reprinted with the permission from the Royal Society of Che

loading in Pd/COF-TpPa-Py = 4.1 and in Pd/POP-Py = 3.9 wt%. Active speci
mistry (reference S31).

cHo HN

®
J

4,4/-biphenyl H2N
dialdehyde
(100-X)%

g

PYTTA 22 -BPy-DCA
X%

@r“ A
d

B BPy
X =100: 100% BPy COF

b)

/ /onnon ‘I‘N ; - V

[ ST] = [raeeT]

Rh(COD)CI| Route 2
o

NE

>

R
EL O Q PA(OAC),
——

Ny/ Route2
/ S5 ;

Rh' catalytic step Palt catalytic step

ru'pa’'@ ru'Pa"@

B(OH); CHO 75%BPyCOF  OH 75% BPy COF o
K2CO3 K2CO3
Toluene 02 (1 atm) 0 O

y \ 100°C

Rh'@

2
\ 120°C
P @é/ i

75% BPy COF 75% BPy COF

Rh/Pd containing COF catalyses both the steps with >90% yields.

Catalyst Yield of addition Yield of oxidation Yield of cascade

reaction [%]"! reaction [%]M! reaction [%]]

Rh'/Pd"@75 % BPy COF 4th cycle 87

Rh'/Pd"@75 % BPy COF 5th cycle 85

Rh'@75 % BPy COF 88 [

Pd"@75 % BPy COF [

Rh(COD)CI+Pd(OAC), ! 3

Rh(COD)CHPd(OAc), +bipyridine ligandt? 99

[a] Phenylboronic acid (2.0 mmol), benzaldehyde (1.0 mmol), potassium carbonate (3.0 mmol),
catalyst (containing 0.01 mmol metal), toluene/H,O (15 mL/5 mL), 120 °C, 24 h, N, protection.
[b] Diphenylmethanol (1.0 mmol), potassium carbonate (3.0 mmol), catalyst (containing 0.01
mmol of metal), toluene/H,O (15 mL/5 mL), ambient air, 100 °C, 12 h. [c] After the addition
reaction, the temperature was decreased to 100 °C and O was purged. [d] The catalyst was
filtered and reused. [e] Rh(COD)CI (0.01 mmol) and Pd(OAc); (0.01 mmol) as homogeneous
catalyst. [f] Rh(COD)CI (0.01 mmol), Pd(OAc), (0.01 mmol), and bipyridine ligand (0.02

S32

mmol) as homogeneous catalyst.

Mixed building blocks aare used to fabricate different COFs. The BET surface areas range from 500 to 1300 m?/g. Rh is in (1) and Pd is in (I1) oxidation
states. ICP-OES: Rh loadings were 4.9, 7.8, 7.5 and 7.9 wt %, for systematically varying concentration (25, 50, 75 and 100) of 2,2 bpy unit in the COF.
ICP-OES: Pd loading was 8.5, 9.1, 8.0 and 10.7 wt % with X values of 25, 50, 75 and 100, respectively. Active species: Rh(l) and Pd(I1). Reprinted

with the permission from the Wiley Online Library (reference S32).
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DMAC : 1,4-Dioxane: Ac
23 :07 :03

90°C, 3d

NH,
BPy-PACI,

0. \l\ -0
T
NH O
K Vo AT
QHN"S O Ho”\q‘o
Y Q@ Lo
ow 0T °
NH "
o *]¢)
N R
HN.
o0 Q
XXk @ n A
~ 0 N orwJ
Nl A AP Q
NOJ\IA.D =

OH Pd@TpBpy
06mol% X0 =
\ \R T6c0, > R Jd/\ ,\'R
(0.5 eqv) 2
DMF, 150°C

R1: -NO,, F, -CN, -OMe etc.

R2: -NMe,, -CMes;, Me, -CN, F, -OMe etc.
Yield: ~70%

TON: ~1101

S33

Code: TpBpy. Bpy-PdCl, building block generates Pd nano particles in-situ during the COF formation. Surface area of TpBpy: 1462 m?/g. Pd@TpBpy:
653 m?/g. Average particle size: 12 + 4 nm. ICP-OES: Pd loading = 15.2 wt%. Active species: Pd(l1). Reprinted with the permission from the
American Chemical Society (reference S33).

Nitro reduction usin

g noble metal nanoparticles @COF

4
cHO
HO. OH
* a
OHC cHo N
H
’5\-5* L{%

NH,

»

5/\

iop view

side view

NPS@COF

@ Pt NPs: .70 om
or Pd NPs: 1.78 nm

il!!flf

0. lmnl'/- Pd cat
—O_R ) @—B(O Ratal\nic Performance of PANPs@COF in the Suzuki-
DI\‘II'/II 0 " .

liyaura Coulpling

SUZUKI- IVilyaura Coulpling usmg PANP@CUF: Eatzy Arylhalides  Time (h)  Yield (%)
R: 1, Br; X: Me, OMe, CHO. Yield: >99%. 1 _Q_. 3 >99.0
> } (:) | 3 >99.0
B(OH), .
3 &, <:> Br 3 829
4 —@—Bf 3 85.7
PdNPs@COF ” R i
.78 £ 0.2 nm @—Br
Ar
& uHc—@—sr 3 >99.0
- 30.6
50°C,3 h 7 —@—l 3
Ultrafine nanoparticle @ Thio-COF 0.1 mol% Pd .
stable & recyclable yield: 83-99% 8 @, 3 746

#Reaction condition: arylhalide (1 mmel), phenylboranic acid
(1.1 mmol), K,C0, (1.5 mmal), PANPS@COF (0.1 mol % Pd
laading), DMF/H,0 (1.5 mLf1.5 mL), 50 °C."The yield is based on
the NMR integration.2Pd NPs {0.1 mol %).%Pd{PPh,) €L, (0.1 mol
9%). The TOF numbers of PUNPs @COF, commercial Pd/C, and
PA{PPh,],Cl, are 30 444, 185, and 1048 h3, respectively, under
the same reaction condition, with 0.1 mal % catalyst loading.

Nitro phenol reduction usmg NaBH, and PtINP@COF.

NO,

HO

PtNPs@COF
170+ 0.2 nm

NH,

HO
8 min, >95%

Ultrafine nanoparticle @ Thio-COF
stable & recyclable

S34

The COF (Thio-COF) has relatively small surface area (50 m?/g). The theoretical pore size is 2.4 nm. The pore is decorated with thiol groups which are

helping to grow ultra-small Pt and Pd nps (< 2 nm). From ICP: Pt loading= 34.36 wt %; Pd loading= 26.30 wt %; Active species: Pd(0). Reprinted

with the permission from the American Chemical Society (reference S34).

5

Me

Me
+

NH;

Q
PVP-modified nanoparticles

HN

Acetic acid / Solvents

NH,

NO, NH;
catalyst
NaBHy4
OH OH

Nitro phenol reduction

The acyivity is dependent on the nano rod size. The size increases, rate of
reduction also increases. Au nP size: 15 nm and 50 nm particles; 25 x 100
nm Au rod.

Rate of reduction 0.46 min™ and TOF 2.7 h™.

S35
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PVP modified Au nano-rods with different sizes are grown in the COF during synthesis. BET surface areas are greater than 2000 m*/g for the COF and
Au nano-rod incorporated COFs. ICP: 0.2 wt%o loading for 15 nm Au; 0.26 wit%o for Au rods; 0.38 wt% for 50 nm Au particles. Active species: Au(0).
Reprinted with the permission from the American Chemical Society (reference S35).
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CHO NH

2 Q

Au(O)@TpPa -1
NaBH
-

4-APh

HAuCI,.3H,0

Au (l)@TpPa-1

NaBH,
reduction

on 4-APh

Au(0)@TpPa-1

NO, NH;

catalyst

NaBH,

OH

Nitro phenol reduction
Conversion is >99%.

o

Conversion (%) Morphological

a) 2.0

@
changes

o88388

Absorbance

)
i

EE
Time (min)

-3
o

50 300 350 400 450 500 550 4
Wavelength (nm) me (min)

Time-dependent evolution ot uvIs spectra
Kinetics of the reduction reaction of 4-NPh to 4-APh
Cycling stability. Note the color change.

[ 5 8 10 12 14

S36

BET surface area: TpPa-1: 484 m?/g and Au@TpPa-1 is 339 m?/g. The particle size distribution is 5 = 3 nm. Active species: Au(0). Reprinted with

permission from the Royal Society of Chemistry (reference S36).
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3 mol'L HAc

‘ %>COF /NFC membrane

@Mﬂsmlene Dioxane=1:

salvothefma\

functionalization on

The preparation process of COF/NFC composne membrane.

©/PdCCOF/NFC ©

NaBH,
Catalytic dechlorination of o-dichloro benzene. High catalytic activity is
observed with a rate constant of 0.0235 min™.
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2 eo{ L_ci g £
Q [ Jag s masw® &%
o o'@ .. 6 20 40 60 80 100 o
= o
2
s
.4
©
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Reaction time (min) 1 2 3 4 5 6

Cycle number

(a) Violet: Time-dependent evolution of GC peak area of 0-DCB showing the
catalytic reduction of 0-DCB by Pd@COF/NFC, orange: plot of 0-DCB
concentration over time, olive: kinetics of the reduction reaction of 0-DCB to
benzene. (b) Top: the morphological change of the composite membrane after cyclic
catalysis, bottom: the relative activity of Pd@COF/NFC catalyst during 6 cycles of
reaction.

Note the slight change in colour of the membrane after the 6" cycle.

S37

Nanofibrillated Cellulose is blended with COF. The composite has BET surface area 357 m?/g, pore size 2-20 nm and the thickness of the membrane is
250 nm. EDAX: 12.62% of Pd loaded in the COF-NFC composite. Active species: Pd(0). Reprinted with the permission from the Elsevier (reference

S37).
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O,N HN
NO, @ NH, @

Ho@ OH . @ OH
Ho~_H-no, HO—{_ )Nk,
nitrophenol P6- -COF aminophenol

Synthesis of COF, P6-Au-COF nanomaterial and its application in
the catalyzing reduction of nitrophenol isomers.

catahsl

NO,
© NaBHj

OH
Reduction ot mtroaromatlc by NaBH,.

Au"’
ﬁ‘,
2[H] -H.0
| | | | | | + Au" +H,0
2[H]
nn-oH

2[H]
-
-H,0
OH

OH
Proposed mechanism for the P6-Au-COF catalytic reduction of 4-NP.

S38

BET SA for COF is 685 m?/g and pillar[6]arene containing COF has 328 m?/g surface area. Average size of the Au is 2-3 nm. Active species: Au(0).
Reprinted with the permission from the IOP Science (reference S38).
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cl NJ“KN
A ”NA‘N’LN”\
N"™N NN (NN
- [} ]
cl” N el 1,4-dioxane N:N NIN
N Polymerization[Nj [i
N“N NN
Wy L s
LN NYN\/
H D, >
QS‘O ’(\o T

NH;BH; + 2H,0 —» NH,BO, + 3H, (1)
NH;BH; + 4CH;0H —NH,B(CH;0), + 3H, (2)

TOF for the reaction is 505 min™* at 298K. Electron-rich ultrafine Rh nano
particles. Activation energy is 31.8 ki/mol.

H o
M ! ]
b3 W
i LN
30 ﬁ ,& <chion &
254 n
_ %
250 2 58
220 3 Z g
= - =
15
=] CH, _CHy £t
= 0 o 0 ~CHy HC H
e
= 1.0 H 0.5-0cy
1 H “h cn, i
0.5 CHy tcH,DH +CHy0H S
P sk
0.0 w
0 10 20 30 40 50 60 70 80 90 100110 SR pecoF e@ Rh NPs

e (s)
Left: Time course plots of H, generation for methanolysis over an Rh/PC-COF.
Right: A plausible mechanism of AB methanolysis catalyzed by the Rh/PC-COF.

S39

BET SA of the PC-COF is 389 m?/g and Rh/PC-COF is 268 m?/g. Pore size 3.5-3.7 nm for both the materials. Average particle size of Rh nano particle

is 2+0.4 nm. ICP: 0.96 wt% Rh loading. Active species: Rh(0). Reprinted with the permission from the Royal Society Chemistry (reference S39).

S23




10 OHC CHO
NH,
+
H,
HO
2

-

Phos-COF-1

Q

NaBH,, 25°C

<

(a) NaBH,, 25°C ®) & Vro, NaBH. 25°C g nh

HO—@—NO; B e, iy HO—@—NHZ S W 0.2eqAu, 2h \—/ %
0.1eqPt

I HAuCH, AuNPs@Phos-COF

Yield(%)

Abs (a.u.)

1h

3'00 460 500

T T
4 H

Wavelength (nm) 1

Cycles3
(a) The time-dependent UV—vis spectra of 4-nitrophenol reduction catalyzed by 0.1
eq. PtINPs@Phos-COEF-1. (b) Catalytic performance of Au catalyst (0.2 eq) in the
reduction reaction.

0.35 mol% Pd

O Oeen s OO
DMF/H,0
50°C

Suzuki—Miyaura coupling reaction. R: Me, OMe, NO,, CHO and X: I, Br.
Yield >99%. TOF is 155-1648 h' for the Suzuki—Miyaura coupling

reaction.
PdAuNPs@Phos-COF

B’ONoz 0.5 mol %
@3(0"% One-pot two-step

Yield: 60%

K;CO,
EtOHk %;BH,;
80°C:2h Noz 25°C 2h

The one-pot two-step tandem cross-coupling and hydride reduction under
the catalysis of PAAuNPs@Phos-COF-1.

Tandem Catalyst

S40

BET surface area: 818 m’/g (pore size: 1.56 nm). A broad scope of growing small-sized nano particles is studied. Average particle sizes: PANPs@Phos-
COF-1 = 1.62+0.37 nm, PtNPs@Phos-COF-1 = 2.06+0.54 nm, AuNPs@Phos-COF-1 = 1.78+0.32 nm and PdAAUNPs@Phos-COF-1 = 1.03+0.07 nm.

PPh; core helps to generate small-sized nano clusters in the COF. ICP: The Pd, Pt, and Au contents were 2.8%, 3.2%, and 12.5 wt%o, respectively.

Active species: Pd(0), Pt(0) and Au(0). Reprlnted with the permission from the Wiley Online Library (reference S40).
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HN\]\
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) Q Hn
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we H oo
0
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ks 0y
e
_NH O

HCOOH — > CO, + H,
Selective formic acid dehydrogenation.

@)

100 —_— ; 30
Ru-COF
80 Ru-C 25
20
60
g | g s
~40 - ~
> >510
20 5
0 0 1 1 1 1
120 140 160 180 200 5 10 15 20 25
T(°C) t(h)

Comparison of the catalytic performance of the synthesized Ru-COF and
commercial Ru-C control catalyst in the dehydrogenation of FA. Light-off curves
for (a) H; yield (Y) as a function of reaction temperature; (b) stability test
performed at 120 °C for 25 h, monitoring Y, as a function of time.

S41

BET SA of TpBD-Me, COF is 520 m?g (pore size 1 nm) and Ru-COF 630 m%g (pore size 1.3 nm). During recation, the RuO, nps are reduced to Ru

nps. Average particle size of Ru is ~1.2nm. ICP-OES: Ru loading is 2.4%. Active species: Ru(1V), Ru(0). Reprinted with the permission from the

Royal Society of Chemistry (reference S41).
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12 g

A-COF S-COF

Nitrophenol reduction using Au@COF and NaBHy, in < 10 mins.

S42

with the permission from the Elsevier (reference S42).

Thiol decorated COF helps to grow small-sized Au nano particles. BET SA of A-COF and S-COF are 82 and 31 m?/g. The pore size of A-COF is 19 A.
Au nanoparticle average particle size = 4.2 nm. Atomic Absorption Sepctroscopy (AAS): 24 wt% Au loaded in COF. Active species: Au(0). Reprinted

13 o m
.\

DIPAIDMF 50 °C, 12 h, then 80 °C, 3d

C2Z-TEB

2 ’ 9

Ag@COF catalyzed Nitrophenol Reduction with NaBH,

OzNQOH
4-nitrophenol

important industrial material
Ag° @CZ-TEB 4-aminophenol

AP reaches up t0 21.49 mmol s~

The normalized rate constant (k,,,) for the reduction reaction of 4-NP to 4-

S43

Society of Chemistry (reference S43).

Covalent Carbazole framework with BET surface area of 1600 m?/g.
nanoparticles have an average size of 2-4 nm. ICP-AES: Ag loading = 5.1 wt%. Active species: Ag(0). Reprinted with the permission from the Royal

The CZ-TEB has heirarchial porosity ranging from 1 to 10 nm. Ag(0)

14

Au@COF catalyzed Nitophenol reduction in presence of NaBH,.

Mechanism of reduction of the nitrophenol on the Au surface by the

NaBH,.

S44

Wiley Online Library (reference S44).

BET surface areas of CPF-1 (pore size 10-30 A) and AU@CPF-1 (pore size 8-25 A) are 192 and 150 m?/g. Average particle size of Au nano particles is
4-7 nm. EDAX: 1.2 wt% of Au loaded in COF. ICP-OES: 1.24 wt% of Au in COF. Active species: Au(0). Reprinted with the permission from the

Suzuki- Miyaura Coulpling

15 NH,
O CHO
OO
NH
HoN A
CHO
NH

B(OH), X
Pd(OAc),@COF-300
I AN I Y solvent R, O O R,
,\’ ,\/ Base/additives
1 2

Br, Yield: ~50-100%, TON: 400-1000 and TOF: 50-3000 h™’.

Suzuki- Miyaura Coulpling, R1, R2: aliphatic and aromatic groups, X: I,

S45
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Pd(OAc), 40
—tl

CH,Cl,

reflux 30 1

20
10
0

Selectivity

Conversion

Continuous-flow Suzuki-Miyaura

T T T —T T —T T
20 40 60 80 100 120 140 160 180 200 220
Operation time (min)

ing reaction ing Pd(OAc)2@COF300 as

COF-300 L Pd(OAc),@COF-300

catalyst.

function of time on stream. Inset shows the HRTEM image displaying the < 2 nm Pd(0) nPs.

to bi (circles) as a

BET SA: 1373 m?/g (for COF-300), 270 m?/g (for Pd(OAc),@COF-300). From ICP-MS: Pd loading = 85 ppb. Active species: Pd(l1) -> Pd(0).

Reprinted with the permission from the Wiley Online Library (reference S45).

16 Suzuki-Miyaura coupling reaction S46
catalyst (10 mg)
K>CO3 (2 mmol)
Br—<: :)—R B(OH) —>
’ O_ : DMF (4 mL) ._._
120°C,24 h
R: H, CH3, OCHj3, CN.
Pd loading from EDAX:
10.5 wt % in Pd"/TAT-DHBD (3)
14.9 wt% in Pd'/TAT-TEP (4),
11.4 wt% in Pd%TAT-DHBD (5)
10.6 wt % in Pd% TAT-TFP (6).
Better yield and selectivity are obtained for -CN substituted starting
8 materials.
f‘f Yield = ~55-100%.
Mlxed-bundmg unlfs based imine-COF. BET SA for TAT-DHBD and TAT-TFP are 750 and 646 m?g ™. Major pore sizes are 29.1, 37.9 A (TAT-
DHBD) and 11.7 A (TAT-TFP). Actlve spemes Pd(0). Reprinted with the permission from the Wiley Online Library (reference S46).
17 S47
0.5 mol%
R B(OH), + X R PA@PPPPs
Orsome x{Drm L O e
p-Xylene
Suzuki-Miyaura coupling reaction.
= Yield: >90%.
® om o0 :8:
s PPPP-1 Q PPPP-2 J (P + @
B(OH),
BET SA: PPPP-1: 295 m/g (pore size 1.3-2.9 nm); PA@PPPP-1: 198 m*/g (pore size 1.5-2.6 nm); PPPP-2: 301 m?/g (pore size 1.6-3.3 nm);
PA@PPPP-2: 210 m?/g (1.7-2.9 nm); Average particle size of Pd nps is 3 + 2 nm. ICP-OES: Pd in PPPP-1 = 3.58 wt%; Pd in PPPP-2 = 3.63 wt%.
Active species: Pd(0). Reprinted with the permission from the Royal Society of Chemistry (reference S47).
18 0.5 mol% S48

R-\+©7

——
B(OH)2 K;CO3, p-Xylene

Pd/COF-LZU1

¢ N

S26




Pd/COF-LZU1

CHO NH, Suzuki-Miyaura Coupling Reaction.
R: Aromatic groups with EDG and EWG substitution.
¢ Yield > 95%.
OHC CHO
NH, oy o OH:
COF-LZU1 .
5 %:’ “
Pd(OAc); c% ¢
DCM, r. t. <
ca.3.7A {/{’ {Q P> 3 Ar—@

o= Pd(OAc);
Pd/COF-LZU1

Surface areas of COF-LZU1 and Pd/COF-LZU1 are 410 and 146 m”
species: Pd(11). Reprinted with the permission from the American Chemical Society (reference S48).

/g, respectively. ICP: Pd loading in Pd/COF-LZU1 ~7.1 + 0.5 wt %. Active

19

Pd@COF-QA
The COF is decorated with quarternary ammonium salt.

COF-QA

small-sized Pd nano particles and acta as a phase transfer catalyst which
helps the rection to proceed in aqueous condition.

100
(] E(OH),
o 5E-
2 H,0 1 sooc
B 604 soc ] H,0
2
=
40
20
0 T T T T T

-d

Time/h
Dispersing the PA@COF into chitosan generates aerogen which acts as a

S49
* b 5 mol%
Pd H,P-Bph-COF
O K,CO3, 110°C
i ElOH/mesllylenelGM AcOH Toluene
'& 120 °C, 3d 3 SESINERS o
«,.. ® w, o . PN ) Suzuki coupling reaction.
v ﬁ & m e R: CHO, NO,, COOCHjs, CN , CH,0OH, OH, NH,, C(CH3); etc.
Yield: >90%
BET SA: H,P-Bph-COF and Pd/H,P-Bph-COFwere 550 and 147 m“/g. Both have 2.96 nm pore size. ICP-AES: Pd loading 2.87%. Active species:
Pd(I1). Reprinted with the permission from the Elsevier (reference S49).
20 pos— S50
O I B(OH),
0000
@ 17,
@ Suzuki-Miyaura coupling reaction in water.
The quarternary ammonium salt decorated COF synergistically grows

composite catalyst.

The average size of the Pd nano particles are 2.4 nm.The COF-QA and Pd@COF-QA have surface areas of 59 and 26 m?/g. ICP: Pd loading in the
Pd@COF-QA = 9.2 wt%. Active species: Pd(0). Reprinted with the permission from the Royal Society of Chemistry (reference S50).
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COF-NHC
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<
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=N__ “oac

ca.35A
Pd@COF-NHC

X B(OH),
Pd@COF-NHC
K;>CO.
’ !—> R1R2
H;O0,RT,1h

1 2

Suzuki-Miyaura Cross Coupling of Aryl Halide with Different Boronic
Acids.
R1: H, CHs, OCHj, NO, etc. R2: H, Cl, CHs, OCHj. X: Br, I.

Yield: >95%.
Pd@COF-NHC
K2C03 =
3 Z R1
RT,5h

Crosscoupling reaction of triarylbismuths and aryl halides. Yield: > 80%.
R1: 3-NH,, 4-NH,, 4-CHj, 4-OCHj, Cl, 4-NO,, 4-CN etc. R,: H, 4-CHj, 4-
OCHj,

S51

The COF is decorated with N-heterocyclic carbene. The nitrogen centres are coordinating to the Pd** ions. BET SA of COF-NHC is 45 m?/g (Mean pore
size: 2.70 nm. ICP: Pd loading in the COF = 20.1 wt%. Active species: Pd(I1). Reprinted with the permission from the Royal Society of Chemistry

(reference S51).

22 CHO

@ﬁ"\"ﬁ@

f\jy (

r@—\

\C}

PdITATAE

NH,

Pd(OAc),

RT/DCM

TATAE

B(OH),
Pd/TATAE
S S K,CO3
I I R R
N N H,0,RT,2h
R R4

Suzuki-Miyaura coupling under ag. Condition.

R: H, 4-CHO, 4-OMe, 4-Me

R1: H, NH,, CN, 2-NO,, 4-CHO, 4-Me, 2-NH etc.
X: 1, Br.

Yield: >90%

TON: >1000

S52

BET surface areas of ATAE and Pd/TATAE are 160 and 104 m’/g. Pore size is 7.6 A. Active species: Pd(I1). Reprinted with the permission from the

Wiley Online Library (reference S52).

Sonogashira coupling, and Heck coupling reactions

23

CHO NH,
HO OH
+
HC CHO
OH NH,

Pd(0)@TpPa-1 &

Sonogashira coupling between aryl iodides and aromatic/aliphatic alkynes.
R: H, Me, OMe, CFg, NOz, COZH

R: Ph, CH,OH, 'BuSi.

Yield: ~50%; TON: ~300, TOF: ~50 h*

R_©_+R,_// PaO@TPPaL ,_//_O_R
R

Heck coupling reaction
aromatic/aliphatic olefins.
R: H, Me, OMe, CF3, NO, |
R’: Ph, CH,0H, 'BuOCO.
Yield: ~90%; TON: ~300, TOF: ~50 h™*

)=

/ _
Pd(0)@TpPa-1 (b)
(a)

One-pot sequential Heck/Sonogashira coupling reactions of aryl dihalides.
R: Ph, 'BuOCO.

between aryl iodides and

S53
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TpPa-1

Yield: 62% and 85%; TON: 66 and 73, TOF: 11 and 12 h!

BET surface area for the neat COF is 484 m?/g. Pd(OAc) was loaded into the COF followed by NaBH, reduction generates Pd(0) nano particles (4+2
nm). From EDX analyses: Pd(0)@TpPa-1 has a Pd(0) loading of 6.4 wt% and Pd(1)@TpPa-1 has a Pd(Il) loading of 10.2 wt%. Active species:

Pd(0). Reprinted with the permission from the Royal Society of Che

mistry (reference S53).
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Both the steps yield >90% of the products.
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BET surface area of the COF is 2038 m’/g (pore size 2.6 nm). Mn@COF is 1711 m?/g (pore size 2.6 nm). MnPd@COF is 1562 m*/g (pore size 2 nm).
ICP-OES: Mn content of Mn@Py-2,20-BPyPh COF was 0.8 wt%b. In comparison, the Mn and Pd content of Mn/Pd@Py-2,20-BPyPh COF were 0.8
wit% and 9.3 wt%, respectively. Thus, the pre-loaded Mn was neither lost nor replaced by subsequently loaded Pd. Active species: Mn(11), Pd(I1).

Reprinted with the permission from the Royal Society of Chemistry

(reference S54).
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O

Oxidative Heck Reaction
excellent regioselectivity for
electronically unbiased alkenes
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R R

up to > 100: 1 linear: branched

9 = Pd(OAc)
PA/COF-BTDH upto 83% yield

Copper salt effectively facilitate transmetalation
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Surface area for COF-BTDH and Pd/COF-BTDH are 91 and 65 m?/g. The average pore size ranges in 2-3 nm for bot the COF and the composite. ICP:

S29



Pd loading = 5.13 wt%. Active species: Pd(l1). Reprinted with the permission from the American Chemical Society (reference S55).
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The presence of hydrophobic ether bonds and hydrophilic triazine
units present an amphiphilic environment. This is evident from
improved adsorption for methanol over toluene and water. Also,
from the contact angles. The amphiphilic enviroment typically
supports stabilizing Pd(0) as well as Pd?" in mixed-solvent
homogeneous medium.
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S5a 5b

Multi-fold Heck-coupling results in industrially valuable monomers for several
styrene-based polymers. The Pd@COF catalyzes CO oxidation even at 180°C with a
light off temperature at 140 °C and drastic increase in activity to full conversion at
160 °C. This highlights their stability to harsh conditions. The Pd@COF has been

developed into membranes by compositing with PMMA.
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BET SA: IISERP-COF1 = 408.5 m?/g; Pd@IISERP-COF1 = 404 m’/g. BJH pore size: ISERP-COF1 = 23 A; Pd@IISERP-COF1 = 19 A. Pd nP size: 5
to 20 nm. EDAX: Pd loading = 18-20 wt%. Active species: Pd(0). Reprinted with the permission from the Nature Publishing Group (reference S56).

CO, utilization
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Chemical fixation of CO, to propargyl alcohols.
R4 Ag@3D-HNUS oKX
—'=+OH —l-c (o]
R, 0, ,1atm MR,
R1, R2: Me, Me, Me, Et, Pr etc.

Reaction conditions: propargylic alcohols (1.0 mmol), catalyst (0.1 mol%,
based on loading of Ag), DBU (1.0 mmol), CH;CN (3 mL),

CO, (99.999%, balloon), RT, 12 h. The yields were determined by 'H
NMR spectroscopy.

Yield >99%

TON: 990
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BET surface area is 864 m?/g. Pore size of the COF is 1.01 nm. The
BET SA is 300 m?/g and CO, capacity drops to 83 mg/g. Average particle size is ~1.7 nm. EDX and ICP: Ag loading in COF = 2.32 wt%. Active
species: Ag(0). Reprinted with the permission from the Royal Society of Chemistry (reference S57).

COF shows selective CO, capture (123.1 mg/g@273K, 1bar). Upon Ag loading the
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163; 41 174; 43.4 1725 43 162; 40.4 157; 39.2 152; 38

DBU is used as the base. 10 mol% catalyst is used for the reaction. 152-
174 depending upon substrates.
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BET surface area of the COF is 1230 m%g, DFT pore size is 12 A. Ag(0) is the catalytically active species. Ag loading is 6.3 wt%. Average particle size
is 3.3 nm. Reprinted with the permission from the Wiley Online Library (reference S58).

Other important reactions (silicon based cross coupling, bezylic alcohol oxidation, bio catalysis, rearrangement etc.)

29

o J§

LA,

@

CHO
o/©/ NHZ

Pd(ﬂ)COF SDU1 OMe PA(INCOF-SDUL —
—>
Q_S' “eon > SI OMe \_ ¥R

OMe

e

z

3
One-pot silicon-based cross-coupling reaction of silanes and aryl
iodides.
R: 4-CHjs, 2-CHj3, 4-OCHjs, 4-F, 4-OH, 4-NO,.
Yield: 70 to 90%.
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BET SA for COF-SDU1 and Pd(11)/COF-SDU1 are 1125 and 1052 m?/g. Pore sizes are 2.63 and 2.51, respectively. Active species: Pd(I1). Reprinted

with the permission from the Royal Society of Chemistry (reference S59).
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Han" Oxidation of benzylic alcohol under air. Conversion >90%.
% il
5P T [ OH Ru@COF-ASB (2) _Q
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&gz 5" B - | = no catalyst filtration s
90 .J -+~ catalyst filtration "; 100
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0 5 10 15 20 25 S ° ¢ 2 3 4 5
COF-ASB (1) Ru@COF-ASB (2) Time (h) Cycle
Solvent-free one-pot tandem reaction from benzyl alcohol. (a) Reaction time
examination (black line) and leaching test (red line) for solvent free one-pot tandem
synthesis of imine
BET surface areas: COF-ASB is 233 and RU@COF-ASB is 101 m?/g. Av. Particle size of Ru nps = 2-5 nm. ICP: Ru loading = 4.1 wt%. Active
species: Ru(0). Reprinted with the permission from the American Chemical Society (reference S60).
31 AgCOF catalysed glucose (GL)-Cu(ll) to Cu,O followed using Resonance | S61
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Sodium citrate generates the Ag nano particles.

Rayleigh Scattering (RRS).
Detection limit for Melamine = 0.72 nmol/L; Urea = 30.4 nmol/L and BPA
=0.15 nmol/L BPA.

(a) Cu,0 (b)

2
Strong catalysis [
CRESS
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COFs with AgCOFs with

less surface electrons more surface electrons
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Weak catalysis ﬁ
Apt @ 2Cu2*20H+2¢ —— Cu0+H,0
“p T CgHp0g+20H-2¢" —— CgH,07+H,0

Strong catalysis

() Principle of the regulation of AgCOF catalysis of GL-Cu(ll) by Apt to
detect ML. (b) Principle of the catalytic enhancement of AgCOF.

AgCOF is being prepared by the reduction of AgNO; using trisodium citrate solution. The Ag nano particles are grown on the COF surface. Reprinted
with the permission from the American Chemical Society (reference S61).
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PhB(OH),
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50 mM NaTFA (pH=8.2)
100°C

Conjugate Additions of Arylboronic Acids to B,B-Disubstituted Enones.
Yield >99%.

ArB(OH),
O  pa@TtpBpy COF o}
50 mM NaTFA (pH=8.2)
100°C, 6 h
R R Ar
R n R -
1a: R=H, n=1 2a-2m
1b: R=H, n=0
1c: R=CHy, n=1

o o R o
|| : R || i o : | C
2a: R=H, 92% 2g: R=OMe, 92% 21: 80% 2m: 77%
2b: R=OMe, 72% 2h: R=CF3, 83%
2¢:R=CF3, 77% 2i: R=Me, 56%
2d: R=Me, 80% 2j: R=Cl, 68%

2e: R=Cl, 86% 2k: R=NO2, 54%
2f: R=OH, 58%

BET surface area of TpBpy COF is 578 m?/g and Pd@TpBpyCOF is
Online Library (reference S62).

390 m?/g. Active species: Pd(I1). Reprinted with the permission from the Wiley
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R: Cl, Br. CHs, OCHjs, CF3, pyrrole, thiophene.
Yield: 50-87%.

Entry DCB:B;Pin; Solvent Temp (°C) Catalyst Yield (%)
1 1:0.5 THF 67 Ircoa(1)@Py-2,2"-BPyPh COF <5
2 1:05 DMF 40 Ircog (@Py- <3
3 1:0.5 Heptane 90 Ircoq()@Py- Y 66
4 : Heptane 90 Ircoa(@Py-2, 2% BPyPh COF 87
5 Heptane 90 [Ir(OMe)(cod):] + Py-2, 2' BPyPh COF 13
6 Heptane 90 [lr(OMe)(wd) ] <5
7 Heptane 90 Py-2,2"-BPyPh COF 0

Effect of various catalysts and reaction conditions for preliminary C—H borylation
reaction. Reaction conditions: Ircod(l)@Py-2,2-BPyPh COF (0.6 mol. %, 0.008
mmol of iridium); arene:B s 2Pin2 (substrate to boron reagent molar ratio), 3 ml
heptane. Yield was determined by 1H-NMR.
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BET SA for Py-2,2"-BPyPh COF and Ircod(I)s@Py-2,2'-BPyPh COF are 1785 and 859 m?/g. The pore sizes are 2.3 and 1.59 nm. ICP: Ir loading = 3.1
wit%. Active species: Ir(l). Reprinted with the permission from the American Institute of Physics (reference S63).
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Telomerisation of 1,3-butadiene with glycerol.
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BET SA: 135 m%/g, pore volume of 0.04 cm®/g. BET SA after metal loading [Pd(acac),] is 58 m’/g. Reprinted with the permission from the Royal

Society of Chemistry (reference S64).

Note: Authors have taken the necessary rights and permissions from the concerned authorities/publishers
prior to use their data or inputs.
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