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in Catalysis
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Abstract Covalent organic framework materials (COFs) are a class of organic porous materials with large specific surface
area, high porosity and crystallinity. Owning to their special nature of functional versatility and easy modification, COFs can
be designed to be efficient catalysts either embed functional active sites into the skeleton through a “top-down” strategy, or
load metal nanoparticles into the framework via a post-modification approach. These studies have laid the foundation for the
extension of COF’s application in heterogeneous and other catalytic fields. The synthetic strategy and application of COF in
different types of catalytic reactions are reviewed in this paper. Moreover, the current research situation of COF catalyst is

summarized and prospected. Finally, the remaining challenges in this field are also indicated.

Keywords covalent organic framework; porous material; COF supporter; catalyst; heterogeneous catalysis
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FRIR =R R M IE K =il fF. CTFs 1] LA AR E
PES 5, (H & AR 7 VR LR s — ELT R BRI
H4 LLE R e, (5) 2 L7542 ARL(PAFS)® 1, i
A B I B AR TR R BE TR W M T R SR 2 AL R A
YiktRl. PAFs A JEH IR A, nT UL FEA
TERAERAE AR, JEE AR M RAF, TSR B % R
(6) M A HHELER BL(COFs)P2 3, & LL3L it 4 & 40
E R A F ML SR EN LIRS, BT
HAR R F e et FFrfiEss
AN T TN T 2oy AT R e e A L W s I
AR AT T HIFA .

H 2005 4F Yaghi 8200 A 9 4 8t JE U
4 % COF-1 Fll COF-5 24>, COF # R 7T HUE T K A2
k. BT, MRIEEIEBAE, A0 A HIAESEA k)
ALREU AR ER TS SR I 25 JE Rm2s. —meds. Y
RS BEREE TUAN AL, (1) THIRIS A BRI 28 A2 B 1
COF ZE2RA), & 2l i MR 15 48 — oy it /K 46 4 T i
TR I S TR K B 46 566 TE IO ER T 1019, BT
PR SN LA A, X 38 COF B S m it 4 s ik, {5
EAEEIEIAEE P AEE. (2) RIS COF & g 3t
N e I I HR e S G I AS. A PR T IR R A
FRET2R COF, H45mPEEdk, (HAAIEW T FfaE
PE. (3) =ME3 COF sl it 4 & MEIE R A it A7 301k
= RIRMNAR, BfA RIS F R e, =
g i FEAIK, PN b Bk R 2 LT 28 45 X
COF R JEZ 3] 7 IRH. (4) "V COF £ N5
il 5 B RE A A4S, [RIRE LA Bl i #via e AL 2
. (5) IFZE COF J&REFNEE 48 5 0 A s il 15,
FHECAERE RIESE COF, HAzE YT, (EE i fd 1
WESFBURNAIERZ, TREMETFE2E COF 45 ki
72, N T fE COF MR LEURFA HIFLIE S50, #t w7 ZERI
FARFR R TR A A T IR R AR S50, 8t H ATaE
FRIE, COF FE AL R G RN (1) T2k
i 1N POIR IR I 22 B S SR b, B AR
COF M JUfITEAS, FEAE I Fh U 1) 45 R 3 43 B 2
B 3 A EX AR I, K IR LB TOAE N 4 25 IR
R EAT T, [R5 RS A 5 T I LART A B R 5 B
TELL RS 5REM RN, IWIRIER COFs (K5
S, GBIV DRIRIRRE . PN NIR. Tk
Rk, YR, BRI, XL N B g AT
PEEEI R R, XA B A 3 H G B ) R PR HES ) 1
HHREEN. (2) BT IhReiilh: BB IRt s
JCIXFh SR 7 v R BT RE S A o A 5], (B I ThRE
RIS IO A R MEECFH F A COF &5 mtEA ;R
FJE A8 51 N Th e A6 E RE 11 R 50 1R A 02 Th g 2
B 58, TTLZEARAE COF B4R I IR M 454 5 1k ot
PTG I E IR, BT ARAIE S NI E 5]
Moy A e B 2R 2 i B 2 5 ) N AT REAN 5E 4, FLIE
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FEREA RIS T, RIS T 5 AR h et 7
MERA R, A2 COF fLIE WM T 5 A%
W ¥ BAZRANE HRSTE &, HIIRE > TIRA 5 B
Ve N T AR B AR PR E . AR T A% G R A 77 R A A
ZEs SR BN AE . FFE BT RS E P 22 S sk

BRIIPLSs. — 5l DR AN R BBV E veit &
JREA A AE LR LR COF AL, REMEHSHE
SINAFI BB, SEHUHE AR G50 BT Bt 5 A R
I RS R I DREAAZ ). 55— T7 TR 4 455 1 A AR AL
PR S G A BEATE R COF AL, Bra Al
T AL, SORRSR ™ T AL R AR e . Ak,
COF A4 RHE (A AU 7 TH] R T e AL B 7 B AT 2L
(BRI SE PRAf A

H B, COF HEALFHITE 2 AR AEAL AN TP (AL Tk 1)
WS 7 R RCR, HHEAT T COF R
N R B b, ARLRR R COF HEALTIFE SR
AN S S0 S TR 1) d o I PR AIT 9 3k Joe B A I 1) o 6 77 %
BEAT SAE, B e B COF HEAFI L i 55

2 Pd#ELHBEL R R

Pd AL IR IR S N A WL A B B BN 2 1)
S, FEEAFE Suzuki M. Sonogashira [z N1 Heck
SNEE. FIFH COF MPRMEMEA T TH FIRFA 3, ¥4 Pd
F43 A COF MPRIEAT ML, AfEfeit— DMt
SR AN IAE F I, AR N R B, 75 Pd R AL
YER TR Bk -t B2 Pd EAGARIEE SN IR R ill. COF A
FPIEERAE Pd gRbFAE LRI 51 0 A, 9Kbi T
TEREAN G BORIASE FH O 72 Hp SR AR L RE 6% 38 40 (41 3R (1 301
%R, WA COF Refd Fl 2 Fh 4@ B A I i 9 an Rt g %
AR EEIE 125, B4 Pd (AL OB IR SN AR (AL XL
B.2011 4, TR BRA K% A R A o =
R IG, 8 SRR B A R 48 COF A4 KL
COF-LZUIL, JH#FRE0IE Pd 99Kk Sk 15 2
Pd/COF-LZUI, BRI COF #RME 2 A AL SN
N, WFTSE 28] PA/COF-LZUI 7E 44 Suzuki 25
R T LS A R e A E M

Heck M2 1E 20 tH22 70 24X i Heck A1 Mizooroki
Iy RIS R, B AR R EUR R S O E A rE S
48 P AL T BB TR B T AR IS B RR A Heck S
Bi AZRMNAEES] . R %), R E R
W oy AR ) % 5 T A A EER N HANE. 2017
4, Ma SR S-(+)-2- I BEWR R A = A FON T
4T COF # % CCOF-MPC, FLAFA#AA, 113 Pd
YK ki F(Pd NPs), HJ# T CCOF #Kbi 15 &K
Pd@CCOF-MPC( 1). PA@CCOF-MPC & —Ffi =3
FIARKERR 2 ML, FERAA B 2PE T, AT AR
HEAT Heck [, Xt 2 AR50 Pd AL R 1 IR EARRE
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FROEAL SN R REAT, 5 B 0 B YSCR RN A4 i
BPEGR 1)

§ M
*

v .

cl \NJ\CI N

1,4-dioxane/K,CO,

90°C, 36h

Pd(NO,),/MeOH

NaBH,/H,0

Pd@CCOF-MPC (2)

Bl 1 CCOF-MPC fll Pd@CCOF-MPC & i i !
Figure 1 Syntheses of CCOF-MPC and Pd@CCOF-MPC™*!!

# 1 Pd@CCOF-MPC LI 2-3F CMf-1-T 5 AR5 & s in e
J& Heck J ™!

Table 1 Heck reaction of 2-cyclohexene-1-one with different aromatic
halides catalyzed by Pd@CCOF-MPC*!

Entry Ar-X Yield/% eel% Config.
1 Bromobenzene 99 94 R
2 Chlorobenzene 96 95 R
3 Todobenzene 72 96 R
4 4-(CN)-Bromobenzene 99 91 R
5 4-(CN)-Bromobenzene 99 97 R
6 4-(Me)-Bromobenzene 80 89 R

W5t & I PA@CCOF-MPC & T Al 4k Heck [ V2.
Ak, I FT LA AL Henry . Henry [N 8§58 Bk
1 P AR e e CE B 1 FH T A R R B 6 S
FHEC T FoAl O¢ T F- VAR AE Henry [N H )4 IE,
Pd@CCOF-MPC AR IL 1 R 4 (0 fhe A4 7% 14 ik
FRE, (RIS S I )5 5 B R R = (R 2).
£2 PI@CCOF-MPC 4L RS EE H bt 5 A5 [ 55 7 B8 (1) Henry [ ™!

Table 2 Henry reaction of nitromethane with different aromatic alde-
hydes catalyzed by PdA@CCOF-MPC™!!

Entry Ar-CHO Yield/% eel% Config.
1 Ph-CHO 97 95 R
2 4-(Me)-Ph-CHO 88 81 R
3 3-(Me)-Ph-CHO 87 82 R
4 4-(MeO)-Ph-CHO 82 81 R
5 3-(MeO)-Ph-CHO 80 79 R
6 4-(NO,)-Ph-CHO 99 97 R

2017 4E, Bhadra Z51 ¢ YRl 17 R AL AR B PA/COF
GRMALT, BL 2,2-BRNERE-5,5- & (Bpy). AALEE.
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1,3,5- = H B 2R =y (Tp) AR RN 2), @it 5 AL & K
[ 712K 4 I8 Pd 9K Uk 4 5 1) 22 FL45 & COF Ak,
Hil#& TR e ML &5 IR Pd@TpBpy. 1ENAEY
AHAEAL TR I ER AR AL AR, PA@TpBpy 7 88 I SN A ik
2-HUARZE R AT AE M) TON B Al Bk 1101, 4F6A
[F R, R MR B = (R 3). SIA MY
AFNZ 41 P HEALASEIA L, Pd@TpBpy fEAL AR R 2
PEE AT PEIR S F M5

HMN - T OHC cHO
=N +
c-Pdg H H
Bpy-Pacl, | TO T

DMAc : Dioxane : AcOH
23:07:03

Pd@TpBpy

&2 Pd@TpBpy & HJ7 ik
Figure 2 Synthesis of Pd@TpBpy™*

&3 PA@TpBpy M1 M A A S )

Table 3 Different substrate reactions catalyzed by Pd@TpBpy™?

Pd@TpBpy (0.6 mol%)

S OH . X N K5CO5 (0.5 equiv.) N0 —

I It A S - U (8

Ry | o R\ e

Br X DMF, 150°C R
R?
1 2

a) Scope of 2-bromo phenols

o] o] o]
OHC F O,N

[

3b (84%) 3c (80%) 3d (43%)
/
MeO,C a % F J
3e (37%) 3f (60%) 3q (32%)

b) Scope of alkynes

3 (64%) 31 (60%) 30 (76%)
o} . o} o}
OO )<+ )<<
NC NC NC
3m (62%) 3n (85%) 3r (80%)
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3 Knoevenagel 484 R N

Knoevenagel 46 NJE FRIEL A5 T B AR K
G5 TV R B SV I S . #E Knoevenagel 4 & N H,
COF et N1 1H A A 5 1 B v s Ak o, T 7
LT FE R COF #5745 11 B AE 1] 2 k7 oA Ah v 1. 2019
L ZEPhE T B RS R, A =N
Ji B ) N1,N3,N5- = (4- 2 FE 28 FE ) 2R -1,3,5- = W Ik fiz
(TABTAE A5 B0 0 3 5 2K -1,4- — K 1 E (BDA)
B 1,3,5-=(4- P BE R 2R ) 2K (TFPB) 4 & & Rt % D e
L) COF, TABTA-COF-1 Al TABTA-COF-2([&l 3). it
711 TABTA-COF AT [ 47 1 FLI 22 0 P 2 Pk it 1
Fraty, f#IL%T Knoevenagel 466 =B BAH L7 HIHEALIE
P£. £ TABTA-COF X} Knoevenagel 4 SN HIfEAL 1
RE R I8 FH A DU R LT B A ) 25 PR 0 T (] P
PNF R =4, o B IR - BRI R L A
25 HL T R R BN B S 2 28, TABTA-COF )
V. G E i Ak i AR bk B B AE (R 4). TAB-
TA-COF-2 HA S # i ks e v, DLR HI RN P — Ji 2 1]
] Knoevenagel 4a# fl, 7EAHEISLIG&4 F 2024
Ib 5 RIEIA I FE 5 M AR RERS AR5 U AL TG 2, FE A
[ 85 iy P R 2 68 ) L R A

b, B
8" e

O*(f § TABTA-COF-1 }3'*' -
P E@ o

o &

L‘HG—@—C'—:

BDA

N 8
- ororedd
% 5 ’ g
HN ie]
g
o, e N 0
g”” =] ‘h“!
Hahe TABTA

Q,
st
™.

e Q{% TABTACOF2
[ E @
yid 0, %
J/\,.Il J Raee u—({
(1 \| o= = l}
oHE” ~F g Lt =
TFPB “CHO @ A

B3 TABTA-COF-1 fl TABTA-COF-2 [fJ & ™
Figure 3 Syntheses of TABTA-COF-1 and TABTA-COF-2t!

4 Diels Alder & 2

Diels Alder &, M AZXUAINAL, & HILHEXUE S
W bR I S AR B ER U 1 S B, S BRAR A ML
£ R I T BB — B 1 R 2 —. 1% RSB ST
PRAL 2 T 2 I 5 S A, R T2 PRI
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£ 4 1 h /)5 TABTA-COFs LA —Ji5 5 & Fhi 1) Knoevenagel 4 &
)

Table 4 Catalytic performance of TABTA-COFs toward Knoevenagel
condensation of malonitrile with various aldehydes after 1 h'**!

NC__CN
CHO TABTA-COFs (3 mol%) |
Q CN Toluene/H,O
+ < —_—
R CN air, 60 °C
R
Entry Substrate Product  Conversion/% Conversion/%
TABTA-COF-1 TABTA-COF-2
CHO NC| CN
1 Q 94 99
NC.__CN
CHO |
2 Q 91 99
NC
CN NC.__CN
CHO |
3 Q 91 92
O,N
O,N
NC.__CN
CHO |
4 Q 73 70
Br
Br
NC.__CN
CHO
74 75

g

Q

MeO
MeQO

AR . AR E M X A B 4% Diels Alder
SN AR B SRAEAL A 7E BR IS T i R, COF AT LUl
G NBUKIEFERKAR S COF ki filAs R 83
SRR PR SR b Aase v, AR RE IS (R BI N2>
THIHEALTEE. 2017 4, Han 2560404 1 2- — & B30 O
AN 3-RUT R C3 XHR = K U 46 6 Rl P b 3
T Zn(salen)¥] 2D CCOF #4 kL& 4). ilid 7E COF #4 ¥}

N

R
("“('“(' S
(&) R
bl R ¥ ) ‘QQ [}
(&) Lt} 1\5\ B n\
@ oy g L) el -
CHO  CHD N,
g O\“_ " Ay
- s ol R=H \Q}
e = N 4 M N e
i""n Hiy Znt k@“ 2
3o e & W
5\.@ ) o i U\%\ B S )
i N 0 R’
" [ ||”: RM‘O
TTIm ,%
ST R
0

P b8! . \\
NE TR T

B4 CCOFs ff1& iy s+
Figure 4 Synthesis of CCOFs!*!
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FINBR K I A ORI K AR U ) B 2R e, BB T
CCOF 1E B P FNBa 1 35 v R AL 2 Aeoe 1. I Hz 1k
2D CCOF Mk A BT AT PE AR WU Bk, 78
s A KRR E AL SN . Diels Alder KON 3R AL
iy RTINSO FNF O I AESIAR [ S ee {E AT
ik 97% (£ 5).

K5 H CCOFs fALIIA AR il
Table 5 Asymmetric reaction catalyzed by CCOFs!**!

a )
) Q 5 mol% 4-V OSiMes
H *t TMSCN oN
R PhsPO
THF,0°C, 36 h R
77%~79% conv.; 89% ee (R=Me)
94% ee (R= OMe) 89% ee (R=Br)
b) MeO,C. Bn
N 5.0 mol% 4-Co
R? CHO
+ N - —R?
/I\&O AgNO3, 4 AMS
R CHClg, r.t, 48 h R! N-COsMe

83%~88% conv.; 86% ee (R'/R?=H/Me)
89% ee (R'/R?=H/Br), 96% ee (R'/R?=Me/Et)

1.0 mol% 4-Fe 1.0 mol% 4-Mn
. PO NN sPhIO
N / Z Tonen
-20°C, 48 h 0°C, 10h

76%~84% conv.; 88% ee (R=H)
84% ee (R=Me), 92% ee (R=NOy)

79%~85% conv.; 77% ee (R=H)
86% ee (R=Me), 92% ee (R: NO)

QO Ph 5 mol% 4-Cr NH  Ph

ST AN

Ph CHCly, r.t, 24 h P’ “OH

72%~81% conv.; 82% ee (Ar=Ph)
86% ee (Ar=3-MePh), 92% ee (Ar=4-IPh)

A + 1.0 mol% 4-Cr-Mn N OH
ArNHy sPhIO
0 0

CHCI3,0°C, 48 h

72%~80% conv.; 84% ee (Ar=Ph)
86% ee (Ar=3-MePh), 92% ee (Ar=4-MePh)

2019 4, Lyu 259590/ Aldol [ SR & it T 2 4L
SZhnifIRIER COF #EL DL 2,4,6-=H1JE-13,5- =%
(TMT)AI 4,4-16 2K — H S (BPDA) AR SR C & B T I
PERE N A WIS ZE COF-701(& 5). R suse itk
PRPE, COF-701 75 3R FR L FIBR I S5 A T TRFF FL L M AN 25
bn ¥ . (EM R E BE*OEL, #1431 BF; cCOE-701 fi#

z
-‘.‘ "’?
I\JQ!I O @ s
A RV
mesitylene, e .
T™T 14-divmarms, i s
acetonitrile, 2o
trifluorcacete acid COF-T01 (%/
150G, 22h [TMT), BPDALl ey (L]
s ?
x
L J N 2
g [}
1 SN
> 7
tf

BPDA B’
Z

Bl 5 COF-701 ({14 iy =)
Figure 5 Synthesis of COF-701!
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BT R4 TG, £E Diels Alder Nt B AT
B AL R (R 6).

% 6 Diels Alder R . H BF; cCOF-701 44 iE )
Table 6 Catalytic activity of BF; cCOF-701 in Diels Alder reaction!*”!

(0] (0]
BF 3 OEt,
;< + BF;COF -701
CD,Cly, 25°C, 8 h
O O
Catalytic species Time/h Yield/%
BF 3 OEt, 8 99
BF3cCOF -701 8 88
non-catalyzed 8 19

5 FHERRM

BT COF HISA I R s B A2 35 B 1) i el 4h 3R
W2 —, COF TE— @ F2JE I AT AR =y S I S I B T i
FEPE. 2018 4E, Mullangi 25MR A IR0 =k = %
I 2,5- — FV AR R 0 K HH R s A B TISERP-COFS, 3
BERUEFNER A Co BT HIAPKBRIAA A 1% COF #4
Bl L, B 2] 5% 15 2 R TH F2 J Ak B g K UKL 6 28 ) FR AR
FIBEAL COF #EL Co@COF(K 6). 7EIRMZAT, L
NaBH, Mid J5 57, 1240 7 LE A5 35 AH (i 40 58 TR G /A 2
B I S A B R (R A AT PR AT AT RS, Uik
2] 90%LL_F(FR 7). XFEHIE N COF 7 mig AR5t
SR PITTE R I T —FhJ7 .

A NH;

wg%f‘::.:z*’: e .S
@«‘a
A
m;wQ f@;ﬁ
@

B 6 IISERP-COF5 & lin i e
Figure 6 Synthesis of ISERP-COF5!

2017 4E, Mu S FA I RGE & A BT
Hﬁa@%ﬁ’]#éﬁ COF # kI 7). WiFh COF A MM Z
Smdit, MEILHMLRHAREE. KW
TAPT—DHTA-COFHX tt. TAPT-DHTA-COFDMF E.f5 8
ORI THT AR O o 1) 48 A . DA R AR A A I, Jl i
FRIEFN R B AE ), R BT 5] N COF #RHFL
B, 4% S COF 4L 7] Cu-COFDMF Al
Cu-COFHX. H /1 Cu-COFHX E.A 5 A2 AR =
M5 SR, BRI LRI S A AR BROR F I 1) B
JE B HH B () e A PR A AT RSO (B 8).
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£7 ARRAKEWER T Co@COF EALIEE T 5
Table 7 Catalytic reduction of nitrile butadiene by Co@COF under
different substrate conditions™*

on NH,

() _omoofoaNamH,

[

R MeCH, 3 h, rt. F{// Sel. (95%)

\
NH;

NH, NH, NH, NH,
Cr é (5 ) éL
Me

1a, 86%2 (>99%)°  1b, 82%2 (>98%)° 1c, 70%2 (>96%)°  1d, 85%2 (>97%)° 1e, 86%2 (>99%)°
TON=59 TON=57 TON=49 TON=49 TON=59
NH, NH,

NH, NH, NH,
Ve OMe 3 F

1F, 85%2 (>92%)°  1g, 87%7 (>99%)° 1h, 75%7 (>88%)°  1i, 81%7 (>99%)2 1], 83% (>99%)°
TON=60 TON=61 TON=52 TON=56 TON=58

NH
2 NH, NH,
é (%
_N -
I N

r
1k, 74% (>04%)° 11, 85%7 (>98%)° 1m, 87%2 (>09%)°  1n, 68%° (>93%)°

NH;,

g

1o, (»93%)°

TON=51 TON=59 TON=60 TON=47
B ee sk b ez
OB, DR,
o
A
oH NJ\'rj N’/‘\ O
@/‘ HOL//IfN e
NH, \L\;\/‘L\“;N\;g
o N oo NN
N~ -
& x O
Sape! s -
H Nl J NH, E?"] Ho\ﬂl\
T 5 " TAPT-DHTA-COF f o

Cu-COF TAPT-DHTA-COF

Bl 7 TAPT-DHTA-COF il Cu-COF & & J5 47
Figure 7 Syntheses of TAPT-DHTA-COF and Cu-COF™”

#8 Cu-COFHX IEFEMEAEAME L T
Table 8 Selective catalytic oxidation of Cu-COFHX!"!

Product Yield?/% TOF¢/h!

~o
76.13 58.01 19.77

@o 98.77 93.01 25.65
~N
go 74.56

SN 44.87 39.88 11.65

@o 2155 1051 560

¢ RS JEPI(1 mmol), 70% TBHP (3 mmol), ZHE(1 mL), #E4k7H&
(3mg), 40 “C, 5 h; P FEH; < TOF; ¢ AR R FIFREALI; © 2-FF 3151,

Entry Substrate Conversion/%

19 ©/\

24 ©/K
X Ph

3d ©/\/

17.92 19.36
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2019 4F, Vardhan 2% ¢ SEHL T HLAB I COF #4
R B Ak 22 Prins [, DA 1,3,5-—=-(4-F HL R TE)
—R(TAPT)HI 2,3- 0 % — I (2,3-DHTA) A4
Bot, #l T TAPT-2,3-DHTA COF #4Rl, FA|H 2.0
WA m A LR, B9 E FHEA
TAPT-2,3-DHTA COF #4 %113 #| VO-TAPT-2,3-DHTA
COF(fn& 8 fili7r). VO-TAPT-2,3-DHTA COF fgfsfr4:
REFEREMEIFATEEHFH. 5 TAPT-2,3-DHTA
COF 11k 748 H, VO-TAPT-2,3-DHTA COF — &2 I
e T prins X M Nopol 7= % (£ 9). 1 H
VO-TAPT-2,3-DHTA 7ERR AL S AL s bt R B H R 4T 1
HEAIE (R 10). X IRIE NS BB COF MRHE
Al 2 THD PR L FH it 1R I O R R

i
jegast
HoN’ NH,

Ny
" ) HO.
0-DCB,n-BuOH
TAPT L Ny Hor
120 °C, 3 days OH 1N

Y 2
oV,

L
:i)\N)\@\ _ %
N [
N N
i W
N\%‘N VO-TAPT-2,3-DHTA COF

B8 4 TAPT-2,3-DHTA COF 1 VO-TAPT-2,3-DHTA COF & %

I
Figure 8 Syntheses of two-dimensional TAPT-2,3-DHTA COF and
VO-TAPT-2,3-DHTA COF™¥

6 Michael MNE & K

Michael JI S 2 G316 W0 HE A0 & P 0 1
BB TN o BN A B Sk A 0 B~ U ) S %
TR NE, 2 3 Uk W0 F 35 Ak 4 e 35 Ak [ — o o8 382 7 3.
fE Michael IR A, JiF¥7IAT S COF JE A EE,
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#9 TAPT-2,3-DHTA COF M VO-TAPT-2,3-DHTA COF 7E7 Al 414
LA R Nopol 7721481

Table 9 TAPT-2,3-DHTACOF and VO-TAPT-2,3-DHTACOF catalyzes
the formation of Nopol under different conditions )

0,

OH

JOJ\ Catalyst
—_
H™H
B Nopol

Entry Catalyst AB Temp.C Solvent Yield/%
1 TAPT-2,3-DHTA 12 25 CHsCN <5
2 TAPT-2,3-DHTA 12 80 CH4ZCN <5
3 VO-TAPT-2,3-DHTA 12 25 CH4ZCN <10
4 VO-TAPT-2,3-DHTA 12 80 CHsCN 69
5  VO-TAPT-2,3-DHTA 12 110 Toluene 57
6 VO(acac), 12 80 CHsCN 19
7 VO(catechol), 1:2 80 CH3CN 21

% 10 VO-TAPT-2,3-DHTA COF AL A1 ML AR A
R R

Table 10 Vulcanization and oxidation of different substituted substrates
catalyzed by VO-TAPT-2,3-DHTA COF and other homogeneous ana-
logues!™*®!

Entry Sulphide Sulphoxide Time/h  Conversion/% Yield/%
(e]
1 PN I 4 99 96
/S\
(e]

S I
2 ©/\ 4 99 95
o
S i
3 ©/ @/S\/ 4 9% %2
S\
T
o
s._Ph N
5 ©/ S._Ph 4 88 82

e FIE I BES R TE COF X T Michael Il A S B AR 1k
WEPE. S AN COF 35 70 A AL A st 3 o T
Michael JITE S B2 AL IR 2019 4F, Li &8 A 1k
T EAE ) COF Ak}, FH¥ R T A A A B
Z R N . AT T 3,4-2((4- 2 AR )R
F)-IR-3-45-1,2- B G A BOET I R A, 5 C3
THFR 1,3,5-=HEFAEL = F A 1,4- WL TR A
A BEAT 45 A R N, B Ih A& T O e B i
COF(COF-SQ), k9 fizn. COF-SQ I H 4 it FE
FLER AN R 47 (AR B, 7E Michael JNAG R A 23]
B0 S5 A A0 P RE AN AT FRAE IR PE, PR EE 99% (R 11,
12). SR URHRAE AN R 77 B Jie 364 1 1 HE 35 AR 10 770 1)
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RIEBE | AR, Y T IhRerE COF MR
FIA.

Hoe
‘o
§@.

mesitylene/

1,4-dioxane/ = o
6 M HOAC
(3/3M)
- N=

2

NH;z

1 120 °C, 3 d N

‘ & &}

WH HA

HO o

O?\ [1 HH!
ouc'é‘cuo o °
0,0 g

’ EWCQ%CWG

B9 COF-SQ A Hini M
Figure 9 Synthesis of COF-SQ™”

K11 p-IHEEZR LI 2,4- 10 TG e SR 0 ARSI 4 A AR A6 T
Table 11 Optimization of Michael addition reaction of f-nitrostyrene
with 2,4-pentanedione!®”!

o O
X -NO2 O O 10mol% catalyst
—_—
NN NO

1a 2a 3aa
Entry Catalyst Temp./°C Time/h Solvent Yield/%
1 COF-8Q 50 24 Toluene 95
2 COF-8Q 50 24 THF 70
3 COF-8Q 50 24 Acetone 40
4 COF-sQ 50 24 CH,Cly 99
5 COF-8Q 50 24 CHCI, 76
6 COF-8Q 50 24 DMSO 88

£ 12 AFESRZRAFIRISE BRI Michael J1p R B
Table 12 Michael addition reaction of different nucleophilic and elec-
trophilic reagents'*”!

o 0
D/\VNOz o o 10 mol% catalyst R! R?
+ I NO.
R R! R? Toluene 2
50°C, 24 h
R
Entry Catalyst R! R? Yield/%
1 (1a)H (2a)H, H 95
2 (1a)H (2b) H, OCH,CH, 98
3 (1a)H (2¢) H, OCH, 98
4 (1a)H (2d) CHg, OCH, 71
5 (1b) CHy (2a)H, H 92
6 (1¢) OCH; (2a)H, H 74
7 (1d) Cl (2a)H, H 63
8 (1e) Br (2a)H, H 73
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2019 4F, Zhang % CPOMdE FAFIRGE AT T
TPB2-COF # Tfp2 #4 ¥}, F¥545 2 Tp2 Al 1,3,5-=(4-
g JE 2K 36 2K (TPB1) M R R 1 % 1 F 4 1k
Tfp2-COF(|& 10). M1 T-X At CCOF #RLE A7 & vt T
PER WU, S —4EFLIEIE 54, H BX T F L
SN 4G A HERR 3G F 1, TR R CCOF A4k
T ASXFFR Steglich HHE A Michael JEXF RN V.22 I
AR = B AR A B B, X A S M (dr)
IEE] 17:1, P2 ee {E AN 84%FH1 86%(FK 13, 14). 1X
PR RS T 52, 8 COF APRME T
A7 T 1D FH AR (4t 1 R

CHG
.:\ p
a o Q@ m

o

)
O

o

)
N
@ Mz TPB2-COF
H:

" 9

)
3 O

L H;NO NH,

@ 58]

PB2
& 10 TPB2-COF and Tfp2-COF (14 i 2 &5
Figure 10 Syntheses of TPB2-COF and Tfp2-COF™"!

F 13 Tfp2-COF MIAHRMEALHI T Steglich HHEfE AL SR
Table 13 Chiral Steglich rearrangement catalysis of Tfp2-COF and its
related catalysts>"

R
I \>—Ar 10 mol% catalyst
Bno)ko acetone, 0 OC Ar%

-+
N

Entry Catalyst Ar R Yield/% ee/%
1 TPB2-COF 4-MeOPh Me 85 80
2 TPB2-COF 4-MeOPh CH,CH,SCH; 88 83
3 TPB2-COF 4-MeOPh Bn 93 61
4 TPB2-COF Ph Me 83 81
5 TPB2-COF Ph CH,CH,SCH; 86 84
6 TB1 Ph CH,CH,SCH; 87 81
7 amorphous 1 Ph CH,CH,SCH; 86 80
8 TPB2-COF Ph Bn 95 61

¢ [ R4 0.1 mol/L JE#, 10 mol% TBP2-COF, 1.0 mL JEi7E 0 CH(E 4
d.

7 Mannich &

Mannich Sz W ABFRVE G B OB, & B A iR A
PGP CEH N R G Y) 5 IR — 40 % B = 4
&, R RGN EY I AN . ERA
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#£ 14 Tip2-COF JHARF AL T-HE SteglichMichael il & 571>
Table 14 Chiral SteglichMichael addition reaction of Tfp2-COF and its
related catalysts™”!

10 mol% catalyst NO,

0
0
N X -NO2 10 mol% CH,COOH
R * > X
Z EtOH/MH,0, rt. T 1k

enantiomeric

Diastereomeric

Entry Catalyst R Yield/%

ratio, dr excess, ee/%
1 Tfp2-COF H 17:1 92 86
2 Tfp2-COF 4-Cl 17:1 95 86
3 Tfp2 4-Cl 17:1 96 85
4 amorphous 2 4-Cl 17:1 95 83
5 Tfp2-COF 3-Cl 17:1 93 85

FRFE R IE LAY (Mannich B 55t 5 22 (1K) R B S T B
R N2 —. £ Mannich < N+ COF fEZEFEE . LR
HRUK, Etﬁsﬂﬁ”ﬁf@au,ﬁ, fE IR R AT
S, X5 B ZE B S 4 T R R B A T
2. 2019 4F, Vardhan 250510 2,3- — 3 B0t K — FEEE N
MEB T MNE 13,534 & E-FE =B
4'.4" 4" 4-(E6-1,3,6,8- VU ) VU SR IR &, 7 2 40 IO B ik
k& E sl N COF B229 14 3] VO-TAPT-2,3-DHTA
COF Fll VO-Py TTA-2,3-DHTA COF 4L FI(& 11). W5t
GEHLR, XM AR COF Ak 7B 2t i1k
Mannich RN, FEZALR, W LLAE] 90%LL |, Hix
COF MRLR I AT E I PERE (R 15).

8 Chan-Lam 188t & [

1998 4F, Chan. Evans F1 Lam = /M3 R ZH 43 A% &
T AR 2% SR AR o BRI AE 4 2E I T 5 0y 2
B A A K e I A S Tk — 2% R 1) 7 9, 3 SIS S I A
SRS . ATREE AR, AW, RN
A HIEA, AFEASSMSE TR, K
AN [F] JiR - 2 A ) S A% AR AE B 3 R 1 T 5 A AL
RN HEAT R S R FX 9 Chan-Lam fBEX %, COF
HIRF IR 45 M) BE 9518 Chan-Lam {51 S B2 I ER AL AL 55 5
i385 HRe A 3 iR, A COF #ikRefs v
At Chan-Lam S (AL PRI 264, $Emim= 2. 2014 4F
Puthiaraj 25571 2,4,6- = (% I BE 4 480 3 )-1,3,5- = &
(TRIPOD)?FDﬁ%:ﬂﬁ(THF)ﬁ*ﬁﬁﬁmLﬁfﬂmﬁ
MR T =R A AL T RE R A MCIP-1(FE 12),
et — *Hﬁﬂﬁ%ﬁﬂ MCIP 1 & BT Cu/MCIP-1.
X f ) MCIP-1 M RHE IR AT N 2644 T, 1E
Chan-Lam 52 X ABREX N-757 F:40 s B 2R H H B i AL
TR 16, 17). 2RI H B B ATE 1, RH
IHET=PICRALE 80% LA b, 5407 TR HL - A4k B - X
TR B 7 HA I P 7 I IR e A S SRR S B, % 4
@R, HAeE A 4 UL AN 2 BRI pHe A .
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Y ~OF
SHo 2,3-DHTA O O
o-dichlorobenzene: n-butanol:ACOH N N
AT ‘ |
TR e . -
a ) (‘f IL
o b
: QO heWNe.
‘ OO PYTTA23-DHTA COF OO
@ @

TAPT23-DHTACOF

B 11 2D TAPT-2,3-DHTA COF, Py TTA-2,3-DHTA COF A
VO-TAPT-2,3-DHTA COF,VO-Py TTA-2,3-DHTA COF & 7 & &Y
Figure 11  Syntheses of 2D TAPT-2,3-DHTA COF, Py TTA-2,3-DHTA
COF and VO-TAPT-2,3-DHTA COF,VO-Py TTA-2,3-DHTA COF""

9 CO, iR

CO, RAMGHP —MEE. 2o, [RRA. Wi
AR BEIR. TRk, BT A BRI AR R [ A 28,
I AR HESZ BRI 2 1RV, B R BUL TR
B T SRR B A 9 RN e B B B A 2 i T
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R 15 REMEAFIFZMH T K Mannich J B

Table 15 Mannich reaction under different catalysts and conditions

O - 0 e

DCM reflux (40 °C), 12 h N
Lo

[51]

Catalyst

Entry Catalyst Yield/%
1 VOS0,4+2H,0 49
2 VO(acac), 91
3 VO(catechol), 89
4 TAPT-2,3-DHTA COF <5
5 PyTTA-2,3-DHTA COF <5
6 VO-TAPT-2,3-DHTA COF 98
7 VO-PyTTA-2,3-DHTA COF 96
8 reused VO-TAPT-2,3-DHTA COF 98
9 reused VO-PyTTA-2,3-DHTA COF 96

%

ZN N)\‘N >
o SN0
é MCIP-1 @
QXO N‘ N\\N(O 2
: o
O.
'N é
O.
N AT
. o A &
O 'N” O
z
Bl 12 MCIP-1 Fil MCIP-2 (7 i 2
Figure 12 Schematic representation of MCIP-1 and MCIP-21%%
COF HEALM BRI AR A 2 R R, R m

CO, Wit fy, XA MHALEMEALA S CO, B,
MR HE S N 32547, H1te COF "R CO, AL B AL IT)
RIFF 4. 2016 4, Dong LR H 5 &4 2 LA
4'.4" 4" 4-(16-1,3,6,8-PUSE) MU 2K . 2,5- —FR XA —H
M (PYyTTA) 2,5- - FRFEX 2K — FH (LA BE /R LL e
DHPA) A 1,4-Z [ (PA)E N E R 4 H[HO]
x%-Py-COFs (x%&/~NE IR GV HA7{EN] DHPA 1]
BEORE ), FH[HO] x%-Py-COFs (x=
0,25,50,75,100)5 = 2 & R 4k &% B 1 W44 3k 47
Williamson M, f5%]|— R85 ¥ COF #EHEtNBI]

x%-Py-COF (x=25, 50)(& 13), Xt & & IR IE 2 A i
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R 16 7-FIEE S KA T IETIRR 1 N-5 HEAL AR AP
Table 16 N-Arylation of 7-aminoflavone with various arylboronic ac-
ids®

‘]o NH,  BOH) ‘]O K
CuMCIP-1 N
SO A - Senv
L NEt,/DCE R
© OH

Entry Arylboronic acid Product Yield/% TON

B(OH), O "
1 IO O N\@ 91 56

OCH
N o)
- & Yoo - -

B(OH),
O

cl (o}

B(OH), "
o N
7 \ O \©\ 78 46
F
0

F

K17 6-FIEHETR S & Fh 5 SRR N-75 B A6 £ AP
Table 17 N-Arylation of 6-aminoflavone with various arylboronic ac-
ids"

O]o B(OH), ‘]O "
‘ O PN CuMCIP-1 I O /@
T .
NH, I/ _ NEt,/DCE N
) S it

Entry Arylboronic acid Product Yield/% TON

B(OH), O
1 ‘O O /@ 93 55
N
B(OH),
S ‘p‘ SHESI
B(OH),
OCH;
3 O J@/ o1 54
B(OH), O OCHy
o
4 ©\ /@ 89 53
OCH;
B(OH),
5 ©\ 90 53
B(OH),
o cl
6 | O /©/ 81 a8

cl

B(OH),
7 © /©/ 77 45
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G YER B T4 & W21 COF Ak BT [EtyNBr]
x%-Py-COF FA 5 CO, RS RE /I AL Fr i FLIE, 7E
FEI T COy Az BRAN A FF BB R 38 SR AFA0 S 1R 7= 2R (3R
18), 1M Hi%E ¥ COF A7 mr LU &2 48 F DUk B
H B R Y O

OHC —C}—(.‘Ho

PA (X%}
H
l)ll(;%té—(-llﬂ
H
DHPA (1-X%)
B r\'“*/‘u N \,\l / e
P Williamson ether reaction
A O OH

A B

[EtyNBr]yo;-Py-COFs [HO s, -Py-COFs

B 13 [EtNBr] x%-Py-COF & #1205
Figure 13 Synthesis of [Et,NBr] x%-Py-COF"*

# 18 [EuNBr] 50%-Py-COF 7t =i F#E{Lf%Z 1 5 CO, M PhSiH; 1
AR A S 2B

Table 18 Formylation of amine 1 with CO, and PhSiH; catalyzed by
[Et;NBr] 50%-Py-COF at room temperature!>!

[ Et,NBrlsg5,-Py-COF (5 mol%)

PhSiH,, DMF, 30 °C, 24 h

100 kPa
1 2
Entry Alkyne Product Yield/%
N
1 ~ 2a 97
(1a)
N
2 ~ 2b 91
(1b)

2018 45, Lan 25058 i 6 7 i 340 8 Aot e e 7
%, LA IR A FUR I SUA R EHE TE K KaCOs FITEK
1,4- ZWEBE 2 5 (1) 26 28 F i) 4% 8 5 AL AN BEAE 42 (CTP),
SRIGME ] AgNOs & NaBH, ¥ Ag 90Kk T\ I+ #
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e
S
B

BB AR T BAEAEER R A?@CTEN(E 14).
&M Ag’@CTFN BAT F & MALF R FLI A 7 2R A
SERY, BN Ag A K BiknE T =B TN 7 8 5 Ag
YRITURL 2 5] A AH TELAE FH A G Hp T 2 o gl 2 2
N AL@CTFN HA RR . K5 R =EE i 7 s i
5, FTBAE SRz 5 Co, b B H m 1L
TEVE. ZEARE R I R AR Re RS2 A R
FETE(RR 19), 1E 6 AN 5 AT ARAR 535 I PR 2k
Vb 408 2 A = B ZR g K F E AR AL 2R
P T RN

éf wcﬁf
o e - é/ . @‘

CTF nanosheets (CTFN)

bulk and sheet CTF AQ"@CTFN

B 14 Ag’@CTFN PRI AR A R T 2B
Figure 14 Synthesis of Ag’@CTFN nanocomposites'>*!

£ 19 Ag’@CTFN {4 FHIERI CO, A &Pl be 2R

Table 19 Syntheses of alkyl acids from alkynes and CO, catalyzed by
Ag"@CTFNPY

1.37 wt% AgP@CTFN (30 mg) HCI
R—= + CO R—==—COOH
CsyC03, DMSO, 60°C, 24 h
balloon
Entry Alkyne Product Yield/%
1 @—: QTCOOH 97
2 F@—: F4®7COOH 2
3 u@—: C|©TCOOH 97
4 Br@{ Br©7c00H 94
5 Nc@—: NC4®7COOH %
6 F@@—: F3c©TCOOH 97
7 H2C0—©—: HZCO—Q—COOH o4
8 —@—: —®7COOH 93
9 = - 8
s )= &) —=—Ccoon 4
0 = —  ,—==—COOH %
11 ﬂ/_: —\ /—=—=—COOH 97
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10 SeENRN

A I B A2 3 TR R 26 R BB 1
HEALEEALRE 77, WSk T5 Y sl & B S FE 1L
S H MM R B R N PR L &
4. RoEtEmE. REREMS, AR T REIRAIA B i Rrs
J&. 2019 4E, Zhong Z5Uif F 7 77 FG0KE Ni 4GS
OENEEIEIE DAL I COF (TpBpy)H, it if&m T
A G B AL B B 5 Ni/TpBpy &M RHE 15). 18
A WG R, Ni-TpBpy Yo fb ik REIH T8 R 18
JR CO, il CO 3. 78 = ZBERE R %A R, 5 h bR
CO R EIEF] 4057 pmoleg !, EFEIEFIL 96%. 1EH
R TpBpy H BRI i 15 s 75 A A S 8 Hh I 3 PR T
A2l Ni-CO, B [ AR 1) 5 A7 17 B EH g, XT3 s i
S SEFRITE R CO, 3 J5E 7= 47 1 14 436 4 1 7 AR .

Bl 15 Ni-TpBpy JHEALEJE CO, iR BB
Figure 15 Schematic diagram of photocatalytic reduction of CO, by
Ni—Tpoy[55]

2019 4F, Bhadra Z5PNE 78 = REM(THM 2.4,6-
= PP 1) 238 = 193 (Tp) S5 82 >R #4) 2 3l 259 AR 1A 6 A A 1)
COF(TpTt)(WifE 16 fArzr), TpTt ol AT 1l WotiF S =

OH

OHE cHO e
| = NN
2] /HO OH HzNJI\N/ANHz
TP | y TE
lomnc:nmso:ncov-t !
(2:1:0.3)
120°C, 3 Days
"N ’
S 4 HNj’t 1

=] A=
s H
TpTt (},

B 16 TpTt & kR Eee
Figure 16 Synthesis of TpTt™®!
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M- 2K LG TR OB, BT TpTt f#AEFIAF
16 B-WAfG SR, TETE s Ya N, 2B B 7
A EA R E Y, I BAEIELE 4 AN R SEI S PR FF
HOBHEATE (R 20).

K20 TpTe AL FRIE IR 574 10 S5 i
Table 20 TpTt photocatalytic isomerization of different olefin sub-
strates®"!

0 =
<R
NP Photocatalyst (TpTt) —
R T ——— ( 7\
T blue LED, DMF, rt RY 7/ \Hg
2
Substrate Product Substrate Product

=
1a BT sarin 26 67%

9
4
O
‘ |
®
9
4
Q

°
9
z
o

2c 45%

9
%
O
O |
®
9
4
s

2e 54% 2f 58%

2
3}
Q
/
O
‘J
®
Q
4
s
>
®

9 OHC o a2% 1h 2h 70%

2019 4, Chen Z£571L) 5,10,15,20- U (4- 2 I ) AR gk
(p-Por-CHO) Fl 1,4-2K — 2, Ji§ (PDAN) A Hif B f&, i it
Knoevenagel 4 & N A5 % 1 #784 2D Rk sp® fi L
COF: Por-sp’c-COF(& 17). & B A EE1) AA HEB L,
55 H A i 0 i 2N bk COF #H EE, Por-sp®c-COF 7EANF]
(261 TR DU w2 o v, BIEZE 9 moleL ™!
HC1 A19 molsL™" NaOH VAW 1T %1561 T 1K IH e {47
WP FLBR R Ak 2R AR . RIS, 1228 AR A 3R 76 O
A Ao e A g T P 5 7 v e O S5 P R A P
PRI AT 99%(FK 21).

1,2-dichlorobenzene/
5M DBU (10/1 viv)

80°C/ 72h l

p-Por-CHO PDAN

Bl 17 Por-sp’c-COF & iy %7
Figure 17 Synthesis of Por-sp’c-COF™"!
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% 21 Por-sp’c-COF AL M i & Ak F 0 i) e 7P
Table 21 Oxidation of secondary amines to imines catalyzed by
Por-sp’c-COF"!

1 R
N _R \N B
H
R R
Entry Substrate Product Yield/%

R

U JLAESR, COFs TE A Ak 3 fift 7K il S A0 e 30 H
BRI /118 2017 4 Banerjee 2505719 YR8 148 FH 2
TR EMAFI COF e eftbml . 1EKFm
CIEIRE A, A8 S 1E R 5 &8 A E B4y T2 (8]
KB AL TR, = Z %l (TEOAE A v T4k, &4
AR No-COFIOE [ 7R F T 82 21 25 A S R
(K1 18), fizri Al 782 pmolsh 'eg ™!, TON{f i 54.4. i
RS AR H, AZ N COF # 3 ghi ik
7, B IEAE Co"-A B Co"-E A H, ¥4
& 4%

Por-sp%c-COF 1

Visible light, air, r.t., 30 min

w

o

(9]

v 3
P i Y F. .o—r}j W0 F
Mo Sen-ot PO o
My ’
L
Co-1 Co-2

B 18 N,-COF Flhifi5 BT & N,-COF Al Co-1 HEAT e fEAL Hyom
L

Figure 18 N,-COF and cobalt oxime promote and Schematic of photo-
catalytic H, with N,-COF and Co-15%

2018 4 Wang 25M@ 5 1,3,5-= FELIE A2 =y 5
7 A R A& R G RT = Ff COF:
S-COF. FS-COF Al TP-COF(I& 19). A~a]i¥fi fii—Jd k% H.
B RRAEX LS COF h2fa e Mg o, X LB T 2K F
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UK FFEWER) R 20 1 COF 78 1] 0% 6 5 3 7 ik
B4 ARAAERIEOL T 206 50 h RILHESE RO
FRA, XIEETE R L CEK A AL Xk
FLIE W] DA 2 G bk, AT b S0 2, s
AiA 16.3 mmolsg 'sh ™",

1
M 8]
MH o \\E?'
R Yo O ! == scoF
| o]
S

-
e
Q
[=]
bl

Bl 19 S-COF. FS-COF #l TP-COF 7% % &
Figure 19 Schematic diagram of S-COF, FS-COF and TP-COF™ !

2019 4F Biswal 251210 4 4'-(BEWE FE[5,4-d] HEME-2,5-
T TIR(DTZ) M 1,3,5- = RS E] 2K = By (TP) AT
ORAAR, 8 IV 7R N B K EE IR PR S 5, 4-f | P 522 2 1)
COF(TpDTz)(El 20). LA TpDTz 1ERNIGCEGH, BREEER/N
RARTRAEBMEALT], = ZBERZ(TEOA) NG44 FE T fiE 4k,
TESCHEAL A K I U B ] LLSEEI 70 h el A, I
HfK#ZEHA 941 pumoleh 'eg™, TONy>103, it &
TONy>443. X5 —A COF YHGIAI 5 4@ 14
T EMEAL D EAE A R G T 6 A 2 il K ) S 4 A,
ZAR R I SR w2 G LGk Z LA COF
AL a AL SR A .

COF HAG MBI LR /0 A Al AR S5 44 . & T8 AN
e BUER T AR S5 05, BRI YA RS e A 3 7
MG, I i 2 O R, 8 v S B TR
[, A 7 BIFLIE S5 R IR 7 R S AN R =4 ) A% it
SRR, i RSIIT ], 57k 22 (s A R = s
PR G, DAAR SO T, 3 R BRI T R, AT RE
AR BT EOR AT, 1 HE T COF 24
LS by, LT A SRR SRR, k]
WL, COF fEFa b A7 35 |12 (R FH i 55t
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B 20 TpDTz If& RURE E
Figure 20 Synthesis of TpDTz*

11 $iE5ERE

COF 2 HMLA B Z fLA R B i, FAF 7 51 25
TALFRM B S 2 AN R 5ES0 2 LA R
tb, COF M kMY LLRTHAL, FLER R AR 4o X 1 A 34,
i HLIE VA BN, AR TIRYS COF fiEfbtt
RS AL TS5 S, RN AR S SR B AL, B
R e, I H T LUK [ L2k 1, B N
HIEN N FAE N EETG, (515 COF 45 S
FIPEEE I RE F 5 HAre, T A E 8 R N4 B =
et MmmER M %R, sh, COF B 5| AAFERE
FR & @ gk ik, 5 T80, MifiifS COF Mk B
AR BOE AN R AL OB, IR B 843 COF #4
RHE (i Ak Ak 5 A 1R s R B FANE. COF MEALFIFE IR L
SERAR T MR, SR EARIBPUER R, AT AT
FABEIRN. (H& COF AL FITE SZBR N 48 Tk
A 77 THE TS VF 22 Bk, 804 dnfeg fef FH S AMAEC B 114 )5
BEKEA R COF f#407, anfszIl—7F# COF f#
PRFAINT N 2 I 07 26 AR 45, Ik 28 ] R BH T COF
AFIRITE 727 1) (1) S A BROT 123843 5 s PR L
] COF #1k}, Rsgl TAAL S . (2) COF #Hkhd 5 ik
— B R R IE N A SRR IR S R N AR, (3)
WFFAEM COF AL PEAL &, 4k COF Ak i 1 A7 A5
HIEER, B2 NS P A R
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MR, B, PEASZRESMNERFARTHARR. 2017 F
B PAAEFRIERFEFAAACE W L 240. MG AR
FERKE HRB LR LEFREXEANFERLEHR
2018 SRfpiEPEMFER MNERFARITARRI. ZTE2RR
T AR AM R A ALA B F L
AR K.

KA, B, FEAFE) N AR LTS AE.
2019 #TIATHERFRRED A IRARIEFELFE
EZONF L YR A AL 50 H & AR AT F S o F s E
&R T R

M, Kk, REXFABEE AL 2015 2 FEITRE
FEH T E R T EMEFAL. B AAR T @ A3 o ok
A HE B 64 ) & B B AR A W R A m AL 6% L.

ERA, F, TEMF RS MNEERATATAALR. 2009 4
H FFBAFLES MR, KFARIEL LIFE
FAL. 2009~2010 A% H AR R ERFAE AN LG TFREE
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ARG RELHER, 2010~2013 S TFHFHE S5 b K34
Hy e TR MR R B R A AT 7, 2013 49 A A
EFEHRFZR;MNERFARITARIT HEEFIH. LA
RN SR, ER AT, AAAF N, &
Wy R BE UK K, KT AW B e s AL AT RS

Lk, B, W, PEAMFR;S MEBRFAZHTARLR,
WA 59,973 3 B & mAF R 1994 £ £ 1995 F £ % KA
ENEA Trisaia #f % ¥ S & Rir M %%, “F=2" 863 x|
“RIREYR B HBEHR THRERBER, “+=57
RELEFETR ‘THARRLEERETLEETR +REEE,
AW REER T LRGN FTRGFEAEFR, BREREHK
s i, FEATHRARREZAAD AR T LER 28 £
HEER. TEARTOALYD R BB EESARN, a5
(D) A M KAt 254 36 B B 5, Q) MR B AAL RA
W, Q) EW R W GRS A A.
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