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Design and Synthesis of Thermal Delayed Fluorescence (TADF)
Photocatalyst and Its Photocatalytic Dehalogenation Performance
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Abstract In order to improve the photocatalytic efficiency, a kind of thermal delayed fluorescence (TADF) photocatalyst of
tricarbazolyl phthalonitrile was designed and synthesized. A system for the dehalogenation of aryl halohydrocarbons was es-
tablished, using TADF material as photocatalyst and disulfide as hydrogen transfer catalyst. Different organic halides (includ-
ing C—Br bonds and C—Cl bonds) can be dehalogenated with moderate to excellent yields. Compared with 2,4,5,6-tetrakis-
(carbazol-9-yl)-1,3-dicyanobenzene (4CzIPN), the representative thermal delayed fluorescent material, 4-(N,N-dimethylami-
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n0)-3,5,6-tri(9-carbazolyl)phthalonitrile (3CzDMAPN) has higher catalytic efficiency and specificity.
Keywords photocatalysis; dehalogenation; thermal delayed fluorescence (TADF)
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(A) Br o

[Ir(ppy)2(dtbbpy)]PFg (0.5 mol%) H H
H DIPEA (2 equiv.) ’
TTMSS (2 equiv.)
MeCN, air, blue LED
MeO 82% ~ 95% isolated yield
MeO
(B)
0 0
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r.t., air
! 93% yield H
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65% ~ 93% isolated yield
3= vl W OR: S L RS N I A PN E | S E A

Scheme 1 Transition metal-catalyzed dehalogenation, UV-
catalyzed dehalogenation and heterogeneously catalyzed dehalo-
genation reactions
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Figure 1 Structures of 3CzZDMAPN, 3CzDMAIPN and 3CzDMATPN
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Table 1 Optimization of reaction conditions
PC (2 mol%)
O RSH or RSSR (30 mol%) O
NC Br — NC H
additive, solvent
r.t., blue LED
1a 2a
Entry Photocatalyst Solvent RSH or RSSR Additive Yield/%?”
1 3CzDMAPN DMSO (PhS)2 None 12
2 3CzDMAPN DMSO (PhS)2 AcONa 38
3 3CzDMAPN DMSO (PhS)2 DIPEA 46
4 3CzDMAPN DMSO (PhS)2 HCOOK 74
5 3CzDMAPN DMSO (PhS)2 Cs2C03 n.d.
6 3CzDMAPN DMSO (PhS)2 NaxCO:s n.d.
7 3CzDMAPN DMSO (PhS)2 K3PO4 0.5
8 3CzDMAPN DMSO (PhS)2 HCOONa 77
9 3CzDMAIPN DMAc (PrS)2 HCOONa 71
10 3CzDMATPN DMAc (PrS)2 HCOONa 74
11 4CzIPN DMAc (PrS)2 HCOONa 53
12 4DPAIPN DMAc (PrS)2 HCOONa 47
13 5CzBN DMAc (PrS)2 HCOONa n.d.
14 3CzDMAPN DMF (PhS)2 HCOONa 68
15 3CzDMAPN DMAc (PhS)2 HCOONa 83
16 3CzDMAPN CH3CN (PhS)2 HCOONa 56
17 3CzDMAPN NMP (PhS)2 HCOONa 76
18 3CzDMAPN EtOAc (PhS)2 HCOONa 49
19 3CzDMAPN DMAc ("PrS)2 HCOONa 93
20 3CzDMAPN DMAc (PrS):2 HCOONa 84
21 3CzDMAPN DMAc (CyS)2 HCOONa 62
22 3CzDMAPN DMACc (‘BuS)2 HCOONa 65
23 3CzDMAPN DMAc Triisopropylsilanethiol HCOONa 59
24 3CzDMAPN DMAc 2,4,6-Triisopropylbenzenethiol HCOONa 52

4Reaction conditions: 4-bromobenzonitrile 1a (0.5 mmol), PC (2 mol%), thiol or disulfide (30 mol%), additive (2 equiv.), solvent (3.5 mL), H,O (0.5 mL), r.t. =room

temperature, Ar, 24 h. ® Product yield determined by GC.
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B REHHAT TR RIR T IE, BT 365 nm
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I AT BT T2 I 1 MRS P R ), A
XL > AR A7 > (A1 47, FF AR =y IS (85% ~93%) 73 F|
BRI 2, 2a). W LT3 0T IR S 5 SRR 1)
s, AR O 43 0 e 15 21 A BRI RIS 2R (36% ~
86%). ZKHIMEAE. FIEURIE. WM. HERAFIRY R
RITEAA T 24 h FIHERR, 7300 BEFF 2] 74% 68%-
64%-70%F1 75%HICR (K 2, 2b~2f). {H 2 HURIE 2 F
PRI AN =0 LR, 7R 6 36 h A4 REAR 21 86% 11 72%
MR ER 2, 2g, 2h). X TREMRENS, L
48 h LRt HEETE B 36% 1 54% IR (K 2, 2i, 2)).
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283 48 h SN BERS 1R 3] 52%HIICR, (H S 2- TR AL E &)
HRETR 3 13% IR (3 2, 20). HARFIFR S B g b
LR (55%~68%) 13 BIMLIR =W 2, 2p~2s).

TEXHRACAIEAT T VIR TS 2 5, FRAIA B &R
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EV R SRR SN TR SR VAN TR A SID SR AT
AKIETE 24 h FIYEHE S 23 BIREIRTE 91%- 82%F1 85% (11U
HK(F 3, da). GEIRITRAE RN, W3 ]
RERT IS AL AR, T 4s B L ) 2 EtiAk SRR GE 3,
4b~4h).
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Table 2 Scope of aromatic bromides

PC (2 mol%), ("PrS), (30 mol%)

HCOONa (2 equiv.)

[oy)
=

DMAC, H,0, r.t., blue LED

g

2

OO

93% 85% 90%
2a
o)
COOH
NO, s
o o
H
H H
2e, 70% 2f, 75% 24, 86%, 36 h
I @k on
H H H
2k, 50%, 48 h 21, 44%, 48 h 2m, 46%, 48 h

on

2p, 66%, 48 h 2q

64%, 48 h  50%, 48 h

0
/©)L COOCH;
" T
H H

2b, 74%

A Q

2h, 72%, 36 h

selseuliesolses

H

2d, 64%

o
H

2j, 54%, 48 h

2c¢, 68%

i, 36%, 48 h

OCH; SN H N
o O Q
H N N"H

2n,42%, 48 h 52%, 48 h 13%, 48 h
20
H
S N
~ N = N
61%,36h  55%, 48 h 60%, 48 h 68%, 48 h
2r 2s

@ Reaction conditions: 1 (0.5 mmol), ("PrS), (30 mol%), HCOONa (2 equiv.), DMAc (3.5 mL), H,O (0.5 mL), r.t. =room temperature, Ar, 24 h. * Isolated yields were

reported.

e

PC

HCOONa, H,0

B 2

RSSR

COz, Na, HOH

A RERIHLEE

Scheme 2 Possible mechanism
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Table 3 Scope of aromatic chlorides

PC (2 mol%)
("PrS), (30 mol%)
HCOONa (2 equiv.)

@

DMAC, H,0
5 rt. blue, LED A
NH,
NC \©/ H
91% 82% 85% NO,
4a 4b, 64%
Os_OH o)
H
OH /©/ OH
Ph
y H
4c, 61% 4d, 23% 4e, 65%
0 O
H H
f, 539 )
4, 53% 4g, 49% 4h, 70%

@ Reaction conditions: 3 (0.5 mmol), ("PrS), (30 mol%), HCOONa (2 equiv.),
DMAc (3.5 mL), H,O (0.5 mL), r.t.=room temperature, Ar, 24 h. ® Isolated
yields were reported.

NT RN INLEE, 15 el T T E R s
(Scheme 3). TEARMEZAET, WA R NN H HHEH 3R
# 2,2,6,6-VU F BLOR g S AL ¥ (TEMPO), %A f il ) H
FRr=t), IXFRBIZ R N R 2 H BRI R

PC (2 mol%)
("PrS), (30 mol%)

Br
/[::r . \%jilT_HCOONaQeww)
NC N DMAc, H,0

(o] r.t., blue LED

NCOH

n.d.

B3 HHEE s

Scheme 3  Free radical trapping experiment

B JE, xHGIE T 2 &R A B h AT TR
(Scheme 4). fEARMEZRAFT, FHOEIN — 3wk
Yol 3 E RIS, SRR TS e

PC (2 mol%)

S DMAc, blue LED
S+ s Dtiele,
/\/S\S/O

R 4 BBl 3L s

Scheme 4 Sulfide radical capture experiment
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HE s 36 ) 41 2K — Ji5 (3CZDMAPN)E A e AR 7, R %
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A5 B AR T S N AR R TR LSRR, 33T
13%~93% S0 1) 75 S IR B IR =4, 05 HE & AR 7y
IEE LA 23%~91% FRISC 345 21 AH S R e 1 7 4.

3 SCIEES

31 XS5

'"H NMR F1 3C NMR i Bruker VANCE III (500
MHz)Z ARG 2, AR Y FE R BE(TMS), %557
FTARE T BT = BN, A (il B AR AL )
GC-9720 SAHGIBACIE. P 1257135 9 i & 1) 53 B 26
R, Reaith BEEH.

32 LWHE
321 ZrFe AR DA

PL 4-(N,N- " HZ 55)-3,5,6- = (9-H: e 35 41 4% — Ji
(3CzDMAPN) Jy 5.

RS T, 0.5 g WUHAT K (2.5 mmol)Fl
0.016 g k7 (10 mol%)%e Ny A ik J 45+ 1) s Sk wa i,
A BT ) N,N-—H B H 5 (DMF) (15 mL){E %
NAAER, 75135 CHRIMBMT RN 4 h, RNEERE,
SN O B R I, BBV NN 30 mL K, LR
CFEREHL(30 mL X 3), AHUAHA NaCOs T8, B 7255
WA, TR EEEN ChME LR OB, Vi V=
10 0 1~4: DHaitb 533 3B’k 4-WN- —HFF
5£)-3,5,6- = FAB K - Ji5(3FDMAPN).

ZJRERASAY T 0.9 g HEMS mmol)E N7 A
T 345 ) S 3 v, A R T 1 DY SRR (THE, 25
mL)E AR RO T #EinA 0.8 ¢ NaH, A
SRRV, R IR A 30 min. ASSEUKIET
ZAg I 4-(NN- — 2 B )-3,5,6- = AR R G
(B3FDMAPN) (1 mmol), JIASEEEETEH I FHFE 24 h.
RMSEEE S, IR RKE KIS &1 NaH, 8518 H
JE A% 75 KA B 5 Vs A BRSO G A E AT CF vl T/
ZERTE, Vi V=12 1~2: )aith B3 i
[ LA 4-(N,N-—FH & 3£)-3,5,6- = (9-Hs M 3L ) B8 2% — i
(3CzDMAPN).

322 FEARBHHRA

55 5 s ARA(0.5 mmol) YefiEAbF(2 mol%). A FE
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B EAEYI(30 mol%) M INYI(2 equiv.) N F7 A R
VU3 i R R 1 1) s SR s g oy, s R SR s
ST ISR E N A, BT RIHE E HE (4 mL)
IIANF LS 8 . SR e B TEE S LED (20
WHAT 2 em Ab, BiEFESONE, Sk A A XGRS s 7 L
BHIE 25 Chti. fHASMEE PGB B, 58
R, RN 15 mL /K, 85 H 28R 28510
mL X 3)AEHL. G UM TC KB ERAN T8, 485 15 F i
FEARAR 2T, B s AR Zhr4lidh, 53] B bs
&Y.

KH G Q2a): LAWK, P& 47.9 mg, % 93%,;
PP 43.8 mg, UE 85%; UE 46.4 mg, I7E 90%. 'H
NMR (500 MHz, CDCls) d: 7.69~7.55 (m, 3H), 7.47 (t,
J=7.8 Hz, 2H); 3C NMR (126 MHz, CDCl;) J: 132.78,
132.12, 129.13, 118.82, 112.43.

TORHER2b): A AE A, 76.5 mg, F7E 74%. m.p.
47 “C (1it® 47 “C); '"H NMR (500 MHz, CDCls) o
7.89~7.74 (m, 4H), 7.69~7.56 (m, 2H), 7.53~7.47 (m,
4H); BC NMR (126 MHz, CDCls) &: 196.72, 137.64,
132.39, 130.04, 128.27.

KRR (2c): TLEIRIE, 46.3 mg, % 68%. 'H
NMR (500 MHz, CDCl;) d: 8.06~8.01 (m, 2H), 7.57~
7.48 (m, 1H), 7.40 (dd, J=8.5, 7.1 Hz, 2H), 3.88 (s, 3H);
3C NMR (126 MHz, CDCls) J: 166.98, 132.83, 130.18,
129.52, 128.27, 51.95.

7 HEEQ2d): LOdk, 33.9 mg, 7% 64%. 'H
NMR (500 MHz, CDCls) 6: 9.96 (s, 1H), 7.85~7.78 (m,
2H), 7.60~7.50 (m, 1H), 7.50~7.43 (m, 2H); '*C NMR
(126 MHz, CDCly) 6: 19231, 136.40, 134.40, 129.66,
128.93.

KHTR(2e): AEEMA, 42.7 mg, =% 70%. m.p.
120 C (1it.B% 122 °C); 'H NMR (500 MHz, DMSO-ds)
d: 12.95 (s, 1H), 7.99~7.93 (m, 2H), 7.65~7.58 (m, 1H),
7.53~7.46 (m, 2H); 3C NMR (126 MHz, DMSO-ds) o:
167.35, 132.84, 130.83, 129.29, 128.56.

T3 Q2f): OB, 462 mg, 75F 75%. 'H
NMR (500 MHz, CDCl;) d: 8.23~8.18 (m, 2H), 7.73~
7.66 (m, 1H), 7.58~7.51 (m, 2H); '*C NMR (126 MHz,
CDCls) 6: 148.18, 134.60, 129.30, 123.42.

L IR ILB0(2g): FI A 844, 67.2 mg, 7% 86%.
m.p. 86.1 ‘C (lit.?1 86 C); 'H NMR (500 MHz, CDCls)
5: 7.98~7.92 (m, 2H), 7.70~7.63 (m, 1H), 7.61~7.55
(m, 2H), 3.06 (s, 3H); *C NMR (126 MHz, CDCl;) ¢:
140.63, 133.68, 129.36, 127.33, 44.47.

=R EEIRQ2h): Lk, 52.6 mg, F2E 72%. 'H
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NMR (500 MHz, CDCL3) 6: 7.68 (d, J=7.5 Hz, 2H), 7.59
(t, J=7.4 Hz, 1H), 7.52 (t, J=7.6 Hz, 2H); *C NMR (126
MHz, CDCl;) 6: 131.70, 128.68, 125.21, 125.18, 125.14,
125.11, 123.19.

FOEQI): LB, 17.3 mg, F2% 36%. 'H NMR
(500 MHz, CDCls) §: 7.45~7.37 (m, 2H), 7.25~7.18 (m,
1H), 7.18~7.10 (m, 2H); 3C NMR (126 MHz, CDCl;) §:
163.95, 162.00, 130.03, 129.97, 124.04, 124.01, 115.44,
115.27.

K (2)): AMEA, 41.6 mg, *F 54%. m.p.
68.5 ‘C (lit.’2 70 “C); 'H NMR (500 MHz, CDCls) §:
7.67~7.62 (m, 4H), 7.48 (dd, J=8.4, 7.0 Hz, 4H), 7.43~
736 (m, 2H); '*C NMR (126 MHz, CDCly) d: 141.28,
128.76, 127.26, 127.18.

FQK): LWk, 195 mg, 7% 50%. 'H NMR
(500 MHz, CDCly) d: 7.54 (s, 6H); 3C NMR (126 MHz,
CDCl3) §: 128.49.

BUT 2R Q2D): Tk, 29.5 mg, /% 44%. 'H
NMR (500 MHz, CDCls) d: 7.65~7.56 (m, 2H), 7.51 (dd,
J=8.4,7.2 Hz, 2H), 7.38 (d, J=7.3 Hz, 1H), 1.55 (s, 9H);
13C NMR (126 MHz, CDCls) &: 151.20, 128.23, 125.59,
125.38, 34.79, 31.54.

FWy2m): LAWK, 21.6 mg, 77F 46%. 'H NMR
(500 MHz, DMSO-ds) 0: 9.34 (d, J=2.6 Hz, 1H), 7.21~
7.13 (m, 2H), 6.82~6.74 (m, 3H); 3C NMR (126 MHz,
DMSO-ds) o: 157.82, 130.03, 129.82, 129.58, 119.47,
119.27, 115.72, 115.44.

K Hik@2n): LEHAE, 227 mg, 7F 42%. 'H
NMR (500 MHz, CDCly)) 6: 7.45~7.33 (m, 2H), 7.07~
7.03 (m, 1H), 7.02~6.99 (m, 1H), 3.88 (s, 3H); 3C NMR
(126 MHz, CDCls) d: 159.68, 129.51, 120.71, 113.98,
55.13.

MEmE(20): OB, P28 20.6 mg, P23 52%; 7~
& 5.1 mg, *% 13%. 'H NMR (500 MHz, CDCl3) o:
8.54~8.49 (m, 2H), 7.56 (tt, J=7.5, 1.9 Hz, 1H), 7.20~
7.14 (m, 2H); *C NMR (126 MHz, CDCly) §: 149.74,
135.82, 135.81, 123.61.

gk (2p): KA EEE, 552 mg, P5F 66%. m.p.
243 “C(lit.?* 245 “C); '"H NMR (500 MHz, DMSO-d) -
11.25 (s, 1H), 8.11 (d, J=7.7 Hz, 2H), 7.51 (d, J=8.0 Hz,
2H), 7.43~7.36 (m, 2H), 7.17 (t, J=7.4 Hz, 2H); BC
NMR (126 MHz, DMSO-d) 6: 140.19, 125.95, 122.87,
120.59, 118.93, 111.38.

%5(2q): AMEE, P& 41.0 mg, FF 64%; FrE
359 mg, F5% 56%. m.p. 81 C (1lit?4 80 C); '"H NMR
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(500 MHz, CDCls) 6: 7.94~7.87 (m, 4H), 7.54 (dd, J=
6.3, 3.2 Hz, 4H); 3C NMR (126 MHz, CDCl;) ¢: 133.51,
127.92, 125.85.

WEMR(2r): TRk, 8 39.4 mg, FEE 61%; 7
#35.5 mg, 7% 55%. 'H NMR (500 MHz, CDCls) 6:
8.86 (dd, J=4.3, 1.8 Hz, 1H), 8.06 (ddd, J=25.0, 8.3, 1.4
Hz, 2H), 7.74~7.60 (m, 2H), 7.46 (ddd, J=38.1, 6.8, 1.2
Hz, 1H), 7.28 (dd, J=8.2, 4.2 Hz, 1H); '*C NMR (126
MHz, CDCls) 6: 150.34, 148.27, 135.94, 129.42, 129.38,
128.23, 127.74, 126.46, 121.00.

FEIR(2s): LB, 38.7 mg, FEE 60%; 38.7
mg, & 60%. 'H NMR (500 MHz, CDCl;) 6: 9.20 (s,
1H), 8.48 (d, J=5.7 Hz, 1H), 7.87 (dd, J=8.2, 1.2 Hz,
1H), 7.72 (dd, J=8.2, 1.1 Hz, 1H), 7.63~7.48 (m, 3H);
13C NMR (126 MHz, CDCls) d: 152.48, 142.98, 135.70,
130.25, 128.63, 127.53, 127.16, 126.39, 120.38.

KHE(4a): WK, F=& 46.9 mg, =% 91%;™
& 423 mg, UE 82%; rUE 43.8 mg, 7E 85%. 'H
NMR (500 MHz, CDCls) d: 7.69~7.55 (m, 3H), 7.47 (t, J
=7.8 Hz, 2H); '3C NMR (126 MHz, CDCls) J: 132.78,
132.12, 129.13, 118.82, 112.43.

XK L (4b): BB [E A, 44.2 mg, TPE 64%.
m.p. 146 C(lit3Y 1462 ‘C); 'H NMR (500 MHz,
DMSO-ds) d: 7.95 (d, J=9.1 Hz, 2H), 6.71 (s, 2H), 6.61
(d, J=9.2 Hz, 2H); 3C NMR (126 MHz, DMSO-ds) J:
157.34, 135.38, 126.82, 112.85.

KR (4e): AEEMK, 42.1 mg, 7% 61%. m.p.
455 °C (1it.?" 157 “C); '"H NMR (500 MHz, DMSO-ds)
5:7.80 (dd, J=7.9, 1.8 Hz, 1H), 7.49 (ddd, J=8.7,7.3, 1.8
Hz, 1H), 6.97~6.86 (m, 2H); '*C NMR (126 MHz,
DMSO-ds) o: 172.41, 161.64, 137.15, 130.71, 119.57,
117.52, 112.35.

BEOK (4d): A EAR, 17.7 mg, 77% 23%. m.p.
68.5 °C (lit.’2 70 ‘C); '"H NMR (500 MHz, CDCl;) &:
7.67~7.62 (m, 4H), 7.48 (dd, J=8.4, 7.0 Hz, 4H), 7.43~
7.36 (m, 2H); 3C NMR (126 MHz, CDCl;) J: 141.28,
128.76, 127.26, 127.18.

KL (4e): AMEIE, 39.7 mg, 77FE 65%. m.p.
1203 C  (litBY 1203 C); 'H NMR (500 MHz,
DMSO-ds) 0: 12.95 (s, 1H), 7.99~7.93 (m, 2H), 7.65~
7.58 (m, 1H), 7.53~7.46 (m, 2H); 3C NMR (126 MHz,
DMSO-ds) 5: 167.35, 132.84, 130.83, 129.29, 128.56.

TR 4D AT, 48.3 mg, FF 53%. m.p.
475 °C (lit.?) 47 °C); '"H NMR (500 MHz, CDCL) &:
7.89~7.74 (m, 4H), 7.69~7.56 (m, 2H), 7.53~7.47 (m,
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4H); BC NMR (126 MHz, CDCly) &: 196.72, 137.64,
132.39, 130.04, 128.27.

7 O T (4g): WK, 29.4 mg, P2 49%. 'H
NMR (500 MHz, CDCls) 6: 7.85~7.79 (m, 1H), 7.44~
7.37 (m, OH), 7.33~7.25 (m, 1H), 2.43 (s, 1H); 3C NMR
(126 MHz, CDCl3) d: 197.72, 137.03, 132.93, 128.45,
128.16, 26.37.

i L 2K (4h): B EMAK, 43.1 mg, FEER 70%. 'H
NMR (500 MHz, CDCls) d: 8.23~8.18 (m, 2H), 7.73~
7.66 (m, 1H), 7.58~7.51 (m, 2H); '3C NMR (126 MHz,
CDCls) 6: 148.18, 134.60, 129.30, 123.42.

44 Bh#4 B} (Supporting Information) # %E iR %% ¢ (TA-
DF )3 8 6 B0 1) 7 2% A4 7 08 04 AR AR £, DA%
A B 55 2 p AR R R AR . IR SeARE AT DA A6 3 A
F1 X 3 (http://sioc-journal.cn/)_F %K.
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