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D-A Type Covalent Organic Framework Nanorods for Visible Light
Catalyzed Benzylamine Coupling Reaction
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(School of Chemistry and Materials Science , Guizhou Normal University ,
Key Laboratory of Functional Materials Chemistry of Guizhou Province , Guiyang 550001, China)

Abstract  Covalent organic frameworks (COFs) are a new type of covalently bonded crystalline materials with
predictable structures and permanent porosity. COFs have found extensive applications in heterogeneous catalysts.
In this study, organic monomers containing photoactive pyrene groups (TFPPy) and benzothiadiazole (BTz) were
used as building units for the construction of COFs. The donor-acceptor (D-A) type TFPPy-BTz-COF nanorods
photocatalysts were successfully synthesized via a solvent-thermal method. The morphology, structure, and composi-
tion of TFPPy-BTz-COF were characterized by scanning electron microscopy (SEM) , high-resolution transmission
electron microscopy (HRTEM) , X-ray diffraction (XRD) , UV-Vis diffuse reflectance spectroscopy (UV-Vis DRS) ,

Fourier-transform infrared (FTIR) spectroscopy, and N, adsorption-desorption measurements. The as-synthesized
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TFPPy-BTz-COF nanorods exhibit a rod-like morphology with a high degree of crystallinity, a specific surface area

(BET) of 118.86 m%g, and a band gap(Eg) of 2.30 eV. Benefiting from their efficient photogenerated photo-electron
pair ability, the TFPPy-BTz-COF nanorods enable the coupling reaction of various amines with high efficiency and
selectivity under conditions of room temperature, oxygen atmosphere, and visible light irradiation. Electron paramag-
netic resonance spectroscopy (EPR) and active species trapping experiments suggested that the singlet oxygen
('0,) and superoxide radical (O, ") are key intermediates, and a catalytic mechanism for the visible light mediated
photocatalytic oxidation coupling of benzylamines catalyzed by TFPPy-BTz-COF was proposed.

Keywords D-A covalent organic frameworks; Visible light-mediated photocatalysis; Nanorods; Benzylamine

coupling
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A HUHESE (Covalent organic frameworks, COFs) &—Z#2FoR (Wi . &, F . & E )il 5s
M EE I R Z LA B, COFs HA R EEA 7 1A db AR 548 . AT IR LB R/ INRDE AR LA K RT3 1)
AB2ETRETS B 12 N T4 A4 (NSRRI i1 AL S0 T | AR | sk
ARG R RN B A A0S S, T4 COFs it R ¢ S e B (AN 5 A e AR . Y fide
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ULAESR, COFs §) 12 N T 07 A BER PRk AL . BAb e e 41k . C—CMIBE | C—N L
C—O BN () 7 R AL B S A WL AR AL 72 FEe b ek, S A AdE i e, B9
A AT L R AL TR DA R e 3 P A HL 740 3 38R 1Y) COF's e AL SR O B Im] it . b HLA Yl P 3k (A1 4
BLE COF's ‘B 28 J2 44 51 55 20 COFs St 7 i A7 R s 2 — 224 e, 38 i A4 - 32 44 Jr Xk 5T D-A
(Donor-acceptor) B COFs WA IE A J2 42 e A: i TR AR R A RCT-Be, TR TH T COFs FEHEIL TR
P RIHE s (BT2) FE A AT B 58 (14 ] DL SETRISGE ], 2 DL SZ (R SE T, 432 R o
A R AT AR R — e i TR, AT BRI ERE T, LK s A A B TR
Tt =4 COFs JZ[a] () - M EAEF, DT 0545 i 2,

IR IR e R EE ST AR WV R 6T S A B T N bR A ML AT A, Lang %R H
4,4"-(FIFF-2,1,3-BE k-4 7- " he 5) — KM (BTD) H12, 4, 6- = FI R SEIA] 28 =18 (Tp) ¥ 3 T TpBTD-
COF. 1% TpBTD-COF A 4 A 1] L Yt Ak 7] S B A ik 2 4328 ST A A oz A9 SIE AR 7 49 . ML 262001
4,4" 4" ,4"-(H£-1,3,6,8-DUIL) PUZEE (Py) A 2, 5- — (FFIERAC) X 2K — F B (BMT) 45 58 S i il 4% 1T
PyBMT-COF. % PyBMT-COF 7£ ] WA T GBS SC B SEMIIR 54k . teAb, SETEE AR F e e 1
AEIL Y COF's i 1y FH Tl fitfbrmad AL R 22, SR, H A2k T 28 MR e e Fy 5T COF's 1 i F
S A MU IR TR 550, A7 Rt — 40 % 2K COFs TE A MU REFT AL RO Fh A W

FLF bR ORI e e RS A AR W LA SE IS GBI L 5 T O RE AL SRR A, AR SCHR LA
SR FEA YL, 3,6, 8-DU (XF H BEILHEIL ) BE , TFPPy | 12 158 — s HLEC AR & O 6 7k
COFs MR HLECHR, LLVKEERRAE A7), IR G OGS P TFPPy-BT2-COF. FI i+
L (SEM) | 570 FE0% S e 7 B 04085 (HRTEM ) | (8 BLIH 2R 3027 /b 635 (FTIR) | X SRS (XRD)
FEEH-T] U118 2 5663 (UV-Vis DRS)ZET-BEXS TFPPy-BTz-COF FTEST . 45 FIG 2 M- T 404, WF
5% T TFPPy-BTz-COF AJ UL YGAE AL Fe (B IR S N O PERE , 4 T TFPPy-BT2z-COF R WG Ak S fbF
ARSI A ATLEE .
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1 SEIGERS

1.1 KFENEE

1,3,6,8-VUIREE (4l 98%) | 4-FILAHMAR (4L 97%) . DU (=R KEME ) A8 (4 99% ) . JC/K B FR E)
(ZEFF99%) , 4,7-JR-2,1,3-ZK -1 R (4l 98% ) | 4-F FEIRMNER AT NS (41 98% ) . K,CO, (4l
97%) . 1,4-—4F NI (LERE99. 9%, HTH]) . UKBEIR (/3 #rak) | 4B — &4 (o-DCB, 4l 99%), 1E T
fi5 (n-BuOH, 215 99%) | “F M e R Wit A=y (4 98%) | 2,2, 6, 6-PU H JENR BE (TEMP, 4 98%) |
5,5- Z HIHE-1-ME RS i-N-4 Ak ) (DMPO, 412 98% ) | 1,4- 2R (BQ, 4HJE 98% ) . PhCF,(Z3#HT4) . 1,4- 4,
A IR[2.2.2 ]9 (DABCO, 45 98%) FAL B (4 97%) , W T At s il A wl 5k & e (4B
ali)  —HEHBE(DCM, 4rtiral) . LIE(CHLCN, 43tfral) | PO KT (THE, 238 4l) N, N-—H 2 H it
W (DMF, 438 2i) , W T PUTE AR w5 PR (5B 26) FEh iR (sr#rat) , W F 3 ROT )N AR fb TARRA
Al RE T K (A2 18. 2 MQ-cm).

AVANCE400M A% 4 4R 3 3% A (NMR ) F NEO 400W B 7 [ {4 14 45 D 3% A (SSNMR) , 72 [
A 55/3 7 5 RigakuUltima TV 5 X SFERATEH U (XRD) , HASBR22/3F] ;5 HITACHIS-4800 B4 o+ .6k
BE(SEM), HASHAH; GC-9160 RIS A AIEAL(GC), il kA HH R ; 1S5 HU b B AR 42y b
FeHEAL(FTIR ), 36 FEFEER KRB A PR H) 3 ASAP2460 B 22 R AR E A (BET) , 35 42 7aAL 882y
] ;3 MS-5000 %I H 7R PRI 3% A (EPR) , 7% [F Thermo Scientific 23 ] ; JSM4800F %Y 37 5 i 1 ik iicn
(TEM), HA&H F#A 24 Shimadzu UV-2450 8 28 4h- 0] WG 3% 4% (UV-Vis) , H 7 Shimadzu 23 7 ;
CHI660E RUHL A2 T AR, bR ] .
1.2 X
121 BTz#y &k fERSEYR, #4,7-9R-2,1,3- 783888 k(0. 5 mmol, 147 mg) | 4-ZIETRMR
ABREERS (1. 1 mmol, 240. 9 mg) | PU( = ZRIERE) (58 mg, 0. 1 eq) FITG7K K,CO,(550 mg, 4 mmol ) & F
50 mLA 2 BB, 76 NACR AL, 4- 507530 (20 mL) Fl 4 mL 25 257K . WA kA ik
SIWBRE, LB, frRIRE EEIG, BB TS INAENR 24 h. SOV HIEER
J& , ZeadihyE . DCM ZEBUR JC /K BR8N T4, SRS b (V pondV ns=50 1), K5 S IRIIE VR G T
60 CTHET, Fm ARG B AR W) R 2045 A A, 77 %2 88%. 'H NMR (400 MHz, DMSO-d,) : 6 7. 77~
7.75(d, 4H), 7.72(d, 2H), 6. 72-6. 70(d, 4H), 5.39(d, 4H).
122 TFPPy #y & f& MRS SCHK (33,34 ] Jr ik & B TFPPy, A IRUNT « 43506 1,3, 6, 8- DU EE
(1.00 g, 1.93 mmol) , 4-FIEEFEHIAR (1. 74 g, 11. 6 mmol) . PH( =ZEIERE) 41 (0. 12 g, 0. 10 mmol ) FITIK
WREREH (2. 10 g, 15 mmol) i T 250 mL 4 32 H A BEKE T, 7EN, U FIA 1, 4-— 4R (30 mL) , &
WRR R, FECR3 IR, TSR, ROV B, & a3 d. v
CEROA B, 750 CT A 60 mL ik ERER , #E 3 hJ5hug, JH HC1(2 mol/L, 20 mL) , 7K FI PN i
BUEUE W, AR AR . A R CHCL FEZ5 4, g8 2 vt @ HAR ™9, 7% 96%. 'H NMR
(400 MHz, CDCL,): 6 10. 16(s, 4H), 8. 18(s, 4H), 8.10(d, 4H), 8.08(d,4H), 8.04(s, 2 H), 7.87
(d, 4H), 7.85(d, 4H).
1.2.3 TFPPy-BTz-COF 894 & 43 % TFPPy (0. 026 mmol, 16. Img) F11 BTz (0. 052 mmol, 16. 6 mg) &
F 10 mL Pyrex & H, 8 FARUOMALE T EE(1 mL) A48 &K (1 mL) , SRS, 4R22A 0. 2 mL
UKEER (HOAC) W (6 mol/L) , TR A IRA] . A AR V- B0 2 - B AR R B 3 RS, I K% 13k
. RS IE EERE, BT 120 CHRE P RN 72 he OVESHE, EARKKH N, N-—H
S RGP | R R L S PR 2500 . BT S A A A T SR g A s A 22 R IR 2 d, IFAE 60 "CHAS
TR, 1SR B LEIR, 72 R TFPPy-BTz-COFs, il & 112 I Scheme 1.
124 bBEAMAEE 1E10 mLILFE VA RN A COF 6L (3 mg) | 0. 3 mmol FE A1 2 mL CH,CN
o, S TE R H Y AT IS AR . RN E TR A LED AT (20 W, 425 nm)Fi, TER TR
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2 h. SMEEHE , MR, B0, Rl (TSR 9845 (0. 22 pum 38K ) i B8 L BRAEALT . A
BN AR, 3L GC AN H NMR 35 & 734 S REFE ARt . g W AT A W U R B AT 1
IO, 88 3 RS S N R TR AR AT o (R A6

NH.

OHC CHO
0-DCB, n-BuOH,
O O O =N 6 mol/L HOAc
i S e—
~\/
O N 120°C, 72h
OHC CHO

NH:

TFPPy BTz TFPPy-BTz-COF

Scheme 1 Synthesis of donor-acceptor TFPPy-BTz-COF

2 #FR51TR

2.1 TFPPy-BTz-COF BIR1E

TFPPy-BTz-COF & W Jfie #3d 1f AA HEB Y Wi — 4 COFs, HALIER T ATiE3. 2 nm [ 1(A) 1. H
SEM Al &3, B B TFPPy-BTz-COF S 3L TR AN AKFETESR L 1(B)FI(C) , K EEH 1~2 wm, FEHE
9100~150 nm. A § UESE TFPPy-BTz-COF HA 5 B2 A 7 0 AR 2544, >R T R X S 4 dit it (PXRD ) B
5% T TFPPy-BTz-COF By %% 4% . W& 1(D) /R, TFPPy-BTz-COF H.A 6 4~ B W iy AT e, B T 260=
2. 69° by TG, R AT WELF 20=3. 727, 5.40°, 8.09°, 10. 78°F123. 14° Ab At , FiRfrsugn]
A3 EJE F(110), (200), (220), (330), (440) F1(001) & 1fi . TFPPy-BTz-COF 32 i 47 5 i 55 STk
(31,32 J[HAE I AA MES BT G2 2V A . (EEMEER S, 7£20=17"~30"E BN H 2 AT 4

h TFPPy

A . —ANV ]
%xperiment
i

Backgrouﬁfi
Simulate

100 nm

| 1 1 1 , Bragg
5 10 15 20 25 30
20/(°)

Fig.1 Top view and side view of the AA stacked structure(A), SEM images(B, C) of TFPPy-BTz-COF,
XRD patterns of synthesized COF, monomers and simulate pattern(D)
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W e RS AAFAE SR . XoF EU S0, A PXRD 33 1T & B, 32400 AT 559 068 =8 R U5 R 58 42 g (A5 L
BfA . T TFPPy-BTz-COF (45 it BEE AR SAFAE 24 A, DRIIORHIE 25 L 5 0 B L 5 A A R 22 5
FIH TEM A1 HRTEM E— 058 T TFPPy-BTz-COF Y fd AR 4544 [ 1 2(A) A1 (B) ], A HRTEM & H
A DUULER 31 5 2 1) Ak 25 280, 475 &1 iz A s PRt (e B A8 40 (TFFT) AT DAAS S L b T (A1 FE 4 3. 3 nm,
ZHUH 5 TFPPy-BTz-COF #5 K XRD A7 5 45 5 19 20=2. 69° 4b i A7 4 W AH X ¥ (d=3. 2 nm) , AJJAJ& T
TFPPy-BTz-COF [ (110) Il . BbAk, 7EFRAR YRR i1 % 3% X B A7 54 & (SAED) FR &2 21 (110)
i AT S 52 B, R B TFPPy-BTz-COF HAT B df B [ &1 2(C) 1. BTt (i (EDS) BE ik 7 B 45 R 2 W,
TFPPy-BTz-COFs # K h C, NFISTCRMAL, H = E 5 Aifese 9K X[ E 3(A)~(E) .

2 1/nm

100 nm

Fig. 3 STEM image(A) and EDS element mapping images(B—E) of TFPPy-BTz-COF

K FH FTIR G F [ A 4% % L% 3% (SSNMR) %F COFs 94k 24 20 i b4 T 7 RAE [ K 4(A) FI(B) . 7
TFPPy Fl BTz A HLEAAAK B FTIR 3% &, 78 1690 F13500 cm™ b 5 W Wiz i v 43 51 U1 J& T TFPPy AY 4% 1iE
C=0 4R3I K BTz HFFIE—NH, JR3) . SR, 7£ TFPPy-BTz-COF [ FTIR % &+, 7£ 3500 cm™ Ab Y
—NH, JRENIESEATH R, 1E1690 em™ b1 C=0 Wepdss , HAEREE 1623 em™ 4b 3 — S Mg , 2%
IR 5 JE T C=NR 4 IR 8l . 1% C=N IS %2 COFs B 4FAE I 22 —B2%1 TFPPy-BTz-COF fi¥ [5 25
PC NMR & EIFEA A0 75 6 110~170 98 Fl N A 2 Wi, X7 L SCiik([32,33 1458, AlRE 6 120~140 5 [
P VA & 55 B AR LT, 8 155 Ak AU A ] g ORI 8E ik C=NAE kIR T [ 4(B) ], BL4h,
& 158 4b [ W WAL UG 2 IV 28 COFs (1) Jiig B i Ji 1~ (A R AE 0. B3R 25 SUAIERH , TFPPy-BTz-COF J2& il 1
1 845 G O T O 2 COFF.

KT BF5E TFPPy-BTz-COF [ FLA5 A A1 LR 1A, 7677 K R i N, W B - 6 e 52 36 5 1 TFPPy-
BTz-COF W B - B it 28 [ 181 5(A) 1. AT I, TFPPy-BTz-COF HA I B [ 43048 | FBET L&
TN 118. 86 m¥g. R JFAE SRk a8 12 ok P36 (NLDFT) ) BRI FLAR A3 A1 B 45 53 W, TFPPy-BTz-COF
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1 BTz
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C=0—"
| TFPPy-BTz-COF
N
C=N
1 1 II// 1 1
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Fig.4 FTIR spectra(A) and solid-state NMR spectrum(B) of TFPPy-BTz-COF
Inset of (B): structure of TFPPy-BTz-COF.

125 | (A) —— Abs. ’ 0.16 - (B)
& ——Des. 1 91.41 nm
(=]
& 100 ~ 012+
IR &
2w 75F “
5a g
@ g &
TS 50t g
g D o )
g
0 =
| 1 1 1 | | 1 | 1 |
0 02 04 06 08 10 0 10 20 30 40 50
Relative pressure, p/p, Pore width/nm

Fig. 5 N, adsorption-desorption isortherms(A) and pore size distribution curve(B) of TFPPy-BTz-COF

) B B A L RIS L5 ), A AL LR 2 1,41 nm, A fLALAE A 3.02 nm [ K 5(B) | % T
TFPPy-BTz-COF Bt 5 3. 2 nm AL, AL T RS i AL R 58 42 BN (14 IS P4 2E s ARk it
frEk, dEI S8 BET LR TH AN

TFPPy-BTz-COF & By ELAT 61 P i A AL S G ST ok, R ok >R P 25 40 - W] UL 38 5 5 618 (UV-Vis
DRS) FGHL i W 52 SE T HOG2-ERE . UV-Vis DRS % @78 TFPPy-BTz-COF 7E 400~550 nm 7] L%
Y I EA B T ey, o KIS TE 478 nm 247 [ B 6 (A) |. il 1 Taue K31 H TFPPy-BTz-
COF (45 58 B (E,) 9 2.30 eVl 6(B) J. 38 & H Ak 2% SR - 1 47 & (Mott-Schottky ) 5258 Af LA i
TFPPy-BTz-COF 24 n 8IS, HAE pH=7 B}, LK AE (E,) H-0. 92 V(vs. Ag/AgCH[EI6(C)]. Hilk
A, HSH AR (E,) 0. 72 V(vs. NHE), %54 UV-Vis DRS I Mott-Schottky 25 5, B A5 TFPPy-
BTz-COF B A7 BELR (E,,) M 1. 58 V(vs. NHE). TFPPy-BTz-COF %5 5 f ] WL Y6 MK AT Bl A0 EHAR ()27 i
P B, (AT S A B AR

3

18
1.2+ (A) s | B ©) —0.72V

f“\'\ 15 |+ 500 Hz :
i : ol 1000 Hz
\ & ) |2 1500Hz 5 30 oy /
\ / P
9k P4
158V

S
\O
1

"

Absorbance/a.u.
=
(=)}
T
(ahv)?
N
T
10-1 C-2/F-2

3L 230eV)
03 / 6 L
J,’ 092V
eacer 0 e e e e ‘ 2
0 1 1 1 — 1 | 1 1 3 1 i 1 1 1
400 500 600 700 800 1.6 2.0 2.4 2.8 32 -2 -10 -08 -06 04
Wavelength/nm hvleV Potential/V(vs. Ag/AgCl)

Fig. 6 UV-Vis diffuse reflectance spectrum(A), Tauc’s plot(B) and Mott-Schottky plots and
band structure(inset)(C) of TFPPy-BTz-COF
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R T iE— 5T TFPPy-BTz-COF Y6k i 140 B M, R FH W s 't e 37 00 8 A e Ak 24 BH BT (EIS)
3 MBEGE T TFPPy-BTz-COF (GHLI T BT . ZEFFRE AT, TFPPy-BTz-COF St H AR 7E H] LY
ST A S, R ARG T-aS  OSFERRRE I [ 7(A) | B kBB Eos
TFPPy-BTz-COF HY S 1H ML fif % B8 H B/, A R T A2t (&1 7(B) ], BbAh, i3 1 TFPPy-BTz-
COF PR EBUL I, A A 365 nm BRI T, 1% COFs 7E 620 nm A HA %N & S K 7(C) .

300 =

(&) ©
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200 [ ®
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Fig. 7 Transient photocurrent response(A), EIS Nyquist plot(B) and photoluminescence emission
spectrum(C) of TFPPy-BTz-COF

2.2 TFPPy-BTz-COF /] WLk B2 B EX AU 1 A8

VEBE S B B IDE BV AR R 8, DL TFPPy-BTz-COF VE MAHEAL T, 85T T HEAL S e (8 BBk 1 %
RN S (2 1), LIERER Y (0. 3 mmol) , TFPPy-BTz-COF %Ak (3 mg) , J#E Y6 LED 4T (425
nm, 20 W) B, 7RSI CEAER) T, 0198 T AR S50 T 5 e (B S b, i s A e sk bk . i
FI G e SL g 45 SR W], TFPPy-BTz-COF Ak i S A (R S 0 7E M Hh g p A M e s, Ak S iy
1572 h, “EHA A R N AR R 91%, e fEMETR 99% (1 Entry 1) 5 SEK WA 2 3 h, “FHESE
SR (R 1 Entry 2) , EPEVERSIRFEAR(95%). MUEFINHRE . L8 . S BEA =5 F Km], TFPPy-
BTz-COF AL SCRA FTF#EAK (3 1 Entries 3~6) , JF 22N LL Z M AR . AS R 7 F00 6 Ak s g 3%
1) 52 i) 32 2 58 40 B 1l SRR B 2 AR AR A [R]85 v R P RN i O M s R (RO R
AT, SN A R REA T, (HAEARTR] SO B 0] N R R AL %0 T19% (3R 1 Entry 8). X BESCG 45 2
FH], TFPPy-BTz-COF YUt fb ] . LED W5 SGAT FAR R AR R = 25U Ab R V-8 BE R e 1) b B 2%
(£ 1 Entries 7~10).

Table 1 Experiments for the photocatalytic oxidative amine coupling of benzylamine under various conditions”

Entry Cat.(3 mg) Solvent Time/h Con.(%) Sel.(%)
1 TFPPy-BTz-COF CH,CN 2 91 =99
2 TFPPy-BTz-COF CH,CN 3 98 95
3 TFPPy-BTz-COF CH,0H 2 13 =99
4 TFPPy-BTz-COF EtOH 2 29 =99
5 TFPPy-BTz-COF DCM 2 20 =99
6 TFPPy-BTz-COF PhCF, 2 65 =99
7 — CH,CN 2 — —
8 TFPPy-BTz-COF CH,CN 2 71 =99
9 TFPPy-BTz-COF CH,CN 2 — —

10? TFPPy-BTz-COF CH,CN 2 — —

a. Reaction conditions: benzylamine (0. 3 mmol) , solvent(2 mL), 425 nm blue LED(20 W), room temperature; b. in an air atmosphere ;

c. in the dark

; d. in the nitrogen atmosphere.

B8 (A) M TES ML N 554 T, TFPPy-BTz-COF JEHE AL B IR (5 AR SR e R IE . 4583
B, 30 min &, R BEARER SN FE LR A 38%; SEK SV ISR 2 3 h e, “FRE o8 kAL kW =) .
4 T HERH TFPPy-BTz-COF A S AH YA AL 7], S 30 min )& , ¥ TFPPy-BTz-COF SRR , 18 76 AH [7) 514

Chem. J. Chinese Universities, 2025, 46(7), 20250020 20250020(117/121)



Jd EF 2w g R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

TURZESN 3 he TR FR A, AR BN AR A A A AR B (] S T 42 5y, W] TFPPy-BTz-COF 2 5
AAEALT . A T 3EAS TFPPy-BT2-COF Y [RNACRI FAPE , ZERRR SN S5 5 , i ad 80 b3, F 2
FEPE )T , FEAH AL 21 F R F—58 5. 4l 8(B) fizs, TFPPy-BTz-COF n EE i 4k, HAF
AR B R R AR R NI . LIRES SR . TFPPy-BTz-COF J&—Fh Rk . myak £tk . vf
A8 ) S A AR

120 ‘ —— 120
100 F (A) (B) [ Conversion [ Selectivity
100 <100
o 80r &
< SR 150 @
S 60f g ¥
‘@ Remove catalyst % 6o L g ?
z after 30 min S &
g 40 - 5] 9
© S 40+ ‘ da0 3
20 -
20+ -20
0 .
1 1 1 1 O 0
0 1 2 3 1 2 3 4
Time/h Cycle number

Fig. 8 Benzylamine conversion occurred at different times for TFPPy-BTz-COF(A) and recycling
performance of TFPPy-BTz-COF(B)

T 75 %8 TFPPy-BTz-COF VE Sy i Ak 550 X 4% A HUA 5 g 45 A6 Bl A . A B 7= 9 i) e AL ME B, 7E
A SR AT T OCHEAL SR , 25 541 T 3% 2. TFPPy-BTz-COF ] D)4 4% Fih % 5L iz Ak S A 0L 1Y

Table 2 Photocatalyzed aerobic oxidation of primary amines to imines by TFPPy-BTz-COF*

Entry Primary amine Time/h Conversion (%) Selectivity (%)

1 2 91" 99

©/\ 4\@
N/
2 g /\©\ 2 90 99
F F
=
N/\©\ 2 92 97

8 /©/\ /\©\ 2 91 9
N

9 Nc/©/\ /\©\CN 2 75 94
N Z N

10 O/\N/U 4 70 97
S = S

. VA

12 Q/\ N¢\@ 4 80 92

a. Reaction condition: benzylamine (0. 3 mmol) , photocatalysts (3 mg) , 2 mL CH,CN, 1. 013x10° Pa 0,, and 20 W LED blue light;

~

89 95

b. the conversion was decided by GC and NMR spectra.
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RSP . N YR N-S BN, 2 h AR N 91% (582 Entry 1). 247 637 B
RIEH 0 2 B AT (n—F, —CD, V2 h)F, IR AL 2 LE 90% LA I (3K 2 Entries 2, 3). X
F XA 55 A W L T3 A R i (A —CF, Fl—CN) , A0 o0 W0 e 19 5 AL 293301 2R 91% 1 75% (3% 2
Entries 8, 9). 4-55E 19 5y i M B Wl i 7 A AR, 3 W] A b —CIN 5 A o 7 TR Pl 255007
FEAR T PHES T A s rh R R e M, B RIEIL (R 2 Entry 9). 2 R0 U CSE R 45 Fe -
(4n—CH,8{—O0CH, i), W2 h N, 54k 510 92%, 91% (3K 2 Entries 4, 7) 5 AH LT X H TR
it , 24—CH, {7 T4 AL, T G S 8] 2 3 h A RESCERH G 16 A% (32 2 Entries 4~6) , 3X 7]
REJE 4B X RS 25 R BH TS X422 W A A W [ 40 2- (e H R ) R | 2-1g iy HH e LA
S 2-WRWR G |, T2 NE 4 b, A A AR I R R ) B AR 2803 301 R 70% , 89% Fl80%. |k S
S50 B, TFPPy-BTz-COF Y M AL R REAE Rk . b Bt AL & R F AL B9, J&—Fh i 50 S48
FEAEIEH .
2.3 TFPPy-BTz-COF /] WLyt {4k AR (B EX RO HLIE

KT ARSI TFPPy-BT2-COF JEHEAL S0 FIMLER , 511 T &G YEY AP IR IE LSS . @, IR
YR 2B A ), SRS AE(0,) R AE A L (O, ) SR PRI WL BTG M4 Al [ 819 (A) J. DABCO J2&:4l
KB A TR, Y R B AR 2R A DABCO B, e (156 52 v i 5 Ak 28 M 919% [ 31 40% , &
B0, e fb R N BB A — . SR, Ao e iR N, iR (BQ, Ak
BRI o KIS 7 BRAD FI AgNO, (IR, "R 25 IR 2 60%, 17% F129%. iRg5R%E
B, h', e, 'O, 10, #2 R RABIE R N s P A . S T B0 UE FiRZES, RAEPRERIE T B
RS AR AEA T RONAR R A B S . WE9(B)FI(C) fiian, ADMPOYER O sk, 7E A&+
AT LA W E DMPO-0;, - I AFIE EPR 55 [ 9(B) 1, SEMA R NAR R 7 A T A Al 5. DU
TEMP {E4'0,4#3K57 , TFPPy-BTz-COF YL R 2800 LED B S5, EPR 3% & 0] LLULEE E] TEMP-'0, /i
YRR B 9(C) ], IEBRNAKRZR 7 E T 10, DL EZ5 W], 0, 10, 20 b ik R 0 5
AR, 2450 5 T E AR AR L0 25 SR — 3.

A) (B) ©

1007 g COFs+DMPO in light

COFs+TEMP in light

80|
- 0

g 60

E/ 60 - 10, .

5 4ol N e

=

S - B o COFs+DMPO in dark COFs+TEMP in dark

[
<
T
—
~

Standard DABCO BQ KI  AgNO; 03480 0.3500 0.3520 0.3540 0.3560 0.3480 0.3500 0.3520 0.3540 0.3560
Magnetic field/T Magnetic field/T

Fig. 9 Control experiments with additional of agents for various reactive species(A) and EPR
spectra for the detection of O; (B) and '0,(C) generated by TFPPy-BTz-COF under light

irradiation

LT b S 2k R SCHER[36~38 [4i3E , #2H T TFPPy-BTz-COF YA Ak < i (B BB T BE A4 52 W HL
B 40 Scheme 2 fif7n, ZER] WOEHEST T, BAEIGTERIC, BVEERI NS RIFRHECE , Yo PR EIZIE
WE AT, N O, 5 AE HL R NTE L O, F0, 18 i REREERS . A, WM A I S PO A A
FOEALTE R F R ERH . O3 AR A B JEBH B R R U T, 4538 Ph—CH=NH F1 H,0,. 7
— 71, O, Bl T A I R AR A 5742 i Ph—CH=NH. [Fkf, 181 Ph—CH=NH FI"S I
JNE, 2 A R A R 2™ )
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Scheme 2 Proposed reaction mechanisms for the photocatalytic benzylamine oxidative coupling reaction

3 &

DL EE A LB 1,3, 6, 8-PU (i R IL) BE , TFPPy [RIZEIF1E -k (BT2) A3 HLECAARAE A A Al
JEIEE COFs MR ML A, H8 T TFPPy-BTz-COF 4K AR}, FF3R1E T TFPPy-BTz-COF 44K 441
TES . G5 R AL R . BT A B TFPPy-BTz-COF 2 # R TE 4, B — M4 M, BET b R 10 FL>
118. 86 m*/g, ZEAf7 FE 4 2. 30 eV. St HL UM L S 55 A EIS BHATIE 45 K W], TFPPy-BTz-COF 44K 4% H
AR -2 7O o BERE . TR IR . AR ST OGRS A5 T, TFPPy-BTz-COF 44K A%
ARG A TR R (2~4 b, B4R T 70%) | (R e BRI (99% ) AL AL AR I I B IE 7~  . 454 EPR
TGRSR 5L, 324 T TFPPy-BT2-COF nJ UL YGAE AL S AL S M AR B S 1 mT REAGAEFLMLEE . 3% D-A
AR FOCIG PE LA DUHEZR A ARG BURRL. A G R R 2z —.
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