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Application of Photosensitizer 2,4,5,6-Tetrakis(carbazol-9-yl)-1,3-
dicyanobenzene in Photo-induced Transition-Metal-Free
Organic Synthesis

Chen, Jinyang* Li, Yuhan Mei, Lan Wu, Hongyu
(College of Chemistry and Chemical Engineering, Yangtze Normal University, Fuling, Chongqing 408000)

Abstract Visible-light-promoted organic synthesis is an important research hotspot and frontier in organic chemistry in
recent years. Particularly, as a novel organic photosensitizer, 2,4,5,6-tetrakis(carbazol-9-yl)-1,3-dicyanobenzene (4CzIPN) has
showed excellent catalytic performance in visible-light-induced radical reactions. The recent progress on the transition-metal-
free photosynthesis under visible-light catalyzed by 4CzIPN is reviewed, and the application of 4CzIPN for photocatalytic
organic transformations from different precursors (including silicon reagent, carboxylic acid and its derivatives, sulfur-
containing reagent and fluorine reagent) is included.

Keywords 2.4,5,6-tetrakis(carbazol-9-yl)-1,3-dicyanobenzene (4CzIPN); organophotocatalyst; visible-light-induced; metal-

free
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Figure 1 Structure of 2,4,5,6-tetrakis(carbazol-9-yl)-1,3- dicy-
anobenzene (4CzIPN)
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(BAERERT . BRI S HAT A SRk A it &),
HEAT BEBHA 4.

F 1 4CzZIPN 5 JURE WA HLGRE S AR IR B AT ¢

Table 1 Redox potentials of common organophotocatalysts

Eip(P"/  Ep(P* Eip(P/  Eip(P/
Compd. - ”

P*)/V P7)/V P)/V PV
4CzIPN —1.04 +1.35 +1.52 —1.21
BEAY —1.11 +0.83 +0.78 —1.06
FNFIEIRLAL —0.99 +0.66 +0.78 —1.11
W +1.48 +0.11
10-F3E-9-1
— R AN +2.06 —0.57
WE 2h

© 2019 Chinese Chemical Society & SIOC, CAS

“ Conditions: All the potentials are relative to SCE (saturated calomel elec-
trode), CH;CN, room temperature.
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(B A B AR AT, 7RG T S[4CZIPN]* K A4E
BT AEAGIE SR AR e B 1 R 4 FI[4CZIPN]T . B,
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BHAS AR, F=AE B A E Ak 5. Fafk 5 5[4CzIPN]
RAERPB TS EAEFREE 6. &5, TIEE 6
23t ElcB BUSIHFR, 7oA fE 5452 3 (Scheme 1).
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Scheme 1 4CzIPN-catalyzed defluorinative alkylation reaction
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Scheme 2 4CzIPN-catalyzed cyclopropanation reaction
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Scheme 3 4CzIPN-catalyzed catalyzed cyclopropanation reac-
tion

BRI S Si—H B E e 1AL S R AR H B AT PhAR
M. B, SASURAZPOUE O] I b S5 S S T R
TRl Si—H B E Rl T 107K
4CzIPN MOGHEALT, 4hia SR 7 H B HAT) AL,
i Si—H B LS TR R SR N, 5 CHILL,
Si [ H UM TR 55, R Si—H S IE Rt C—H B T .
A, AT PGS HAT AR Si—H B AR T,
S S—H MR, PeEREE AP SR
HI(EDG) M 19 Al AW 7 R BI(EWG) M k2 27
1E 4CzIPN AL, RAAFE ) HAT #E4071(22 51 29),
e Rk A I A [ R (Scheme 4).

TE'E Bk 19 FIREEM B, Stern-Volmer 7
RH RIZMEAAR 2 R T 22 REVEKIUR A
Jef# LTI [4CZIPN]*. 41 Scheme 4 F R AL,
LMEEY) 22 O HAT fiEALF, £ 4CzIPN fEH R AR L5
HL U= AR E 2 25, 25 JEHURY) 20 H Si—H
AR 7, FeAmEE B 23, ik 23 fiarE AT
FRIEDG) IS 19 Zid 5 s n s 5 i 13 45 55
BRI E A ) 21.

TEGRH IR 27 FIRES MBI, Stern-Volmer 7
RIS RIZ A AR R R 2 AT 29 REVE KN
RASMHMEATI[4CZIPNT*. 1 Scheme 5 Fizs 1R BiAL
Hrh, DMEEY) 29 9 HAT AL, 78 4CzIPN AEF &

Chin. J. Org. Chem. 2019, 39, 3040~3050



REVIEW

Chinese Journal of Organic Chemistry

4CzIPN (3 mol%)
'Pr,NEt (5 mol%)

o o Co
‘/\EDG + SI _H M» /_\
0 CH5CN si  EDG
20 Blue LEDs, r.t. 21
Z EDG

| 19
Si

~"EDG

Si .
o '/ \ \/ZIEDG
hi 22
i 23
Yzl\( H* v/\sl/ Si —H
25 .

[4CzIPN] "~
\fs.i\/
.

4CzIPN [4CzIPNJ*

H+

B 4 4CzIPN fEALMEES S AEHIL
Scheme 4 4CzIPN-catalyzed Si-H functionalization
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S E e A . RIGRYE G IR 8RB
A A, RLE R WO BT T 4 8
4CzIPN Tu%—iﬁl%[ﬁi&@imi%ﬂﬁﬁfﬁifﬁf ) H
B, RZATIIE T8 AR TE OB B b A i 2 B G s
RHtZ%.

4CzIPN (0.5 mol%)
N TFA 10 equiv.)
R O/ DMSO

40 W purple LEDs

n=0~2 83 X = C(0), CH,, NR, O, SO,
X
R1 | A )n
=
84
052003
[MOH /\)L 4CzIPN (1 ~ 2 mol%)
+
'g 0 cl EW DMF or CH,Cl,
°C g5 86 Blue LEDs
[ Hene
Boc 87
CSQCO3
D\WOH O~ Ewe ACZPN(1~2mol%)
+
g o e DMF or CH,Cl,
85 88 Blue LEDs
N
Boc 89

Bz 13 4CzIPN HEAL A IR 5 15k S 7
Scheme 13 4CzIPN-catalyzed decarboxylation coupling reac-
tion

3 EmAFEABBEME

WA R AP DL 4CZIPN FIEE 25 ) B 22
[REE 92 154 HAT AL U R AT, i Fe ik
SEHL T TRV 4 R LR 90 C(sp’)—O BT,
FERAEM =S A N, ZHE SR N-(=%F i)
A 2K — F R (91, PhthSCF3) AR =4 H FE 1k iRk 7).
BRSO AU )AL C—H B N5 R (BDE=
376.7 kJ/mol), MMt a-C(sp’)—H A1 P (BDE=
389.3 kJ/mol), {H & 52 W 1 UG FC &5 4 ), 7E e AL
ZMEF HAT 4077 92 25 KA RE R K, 724
(55 B 1 3 96 M 1) T+ 51 K Bk a-C(sp”)—H 55
PR E L 94, AR 94 ) C—O HEIHR A A SR
R =2 A mE 97. Bi)E, HEME 97 nREsd 3 HE
AR A2 B0 B A R B ER A2, A B A5 93
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(Scheme 14).
4CzIPN (2 mol%)

389.3 kJ/mol (6] KoCO3 (10 mol%)
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-+ N-SCF; ———————
¥ AY °  DMso,35°C RPCAT
: r
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376.7 kJ/mol o ue LS 93
90 (Phth-SCF3)
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- - — Phth-SCF;, <—— 91
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R? SCF3 Phth-SCF 84

Ar
radical addition
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\J\/
2
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94 “Ar
90
[4CZ|PN R S ﬂ\
Phth
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4CzIPN [4CZ|PN]*
Phth-H (R—SH)
s"
hv

Bz 14 4CZIPN HEALAUE B — 5 FH R AL S B
Scheme 14 4CzIPN-catalyzed trifluoromethylthiolation of ter-
tiary ethers

ITAESR, H 2 AL BNy — s i i 2
AL S SR SRS, Bl A R TAEF )2k
TP AR AT G EE R (K B R 3 A A Ak R N T
A g, BHAERPIRHE 7). 2018 4F, AR
FRLAPOILL 4CZIPN S HEALFILE AT WL RSBl T R 51 5 Bk
b i (Scheme 15). BN, LA o,0- =75 ek P EE(99)
RIS, LA CF3SO,Na (100)4 [ HHFERTA, 760 WL
SR 4CzIPN AL, Sl 1 =560 FF 2R/ 07 BRI /%
R, ARl B- = F Jik-a- 95 B 101 (Scheme 15). %7715
Mt STFEE, B TR A R
SR SRR B SR = S AR P, 2K
AHh, DA BT AR(102) 9 B B R RTAR, 1206110 SRS
W& T A -5 3-p- L ARE R 10358, B 78 & B
ZAEA R Rl (S LR BUER (PIFA) AT 1,3,5-=
HH 48 255 2K (TMB) J5 A7 77 A= 11 v A AR 71 2 s 97 R L IE
(AP, KIE S350 &K C—H BIWi] R
2SR B R, A, 4CZIPN (AT LG HEL AR R
M A] T N-75 55 T 4 B i 104 A1 CF3SO,Na (100) 1) £
IR AL S B, A B = 98 28 B 1 S A s AT AR
(105) (Scheme 15)P%. B4R 5 BRI HE0E A = 98
FE 35 A QAL 1G] W T A 0 1 B B 2 2 A B 2 i e 1),
R A 5T T R I AR 25 A T TG 4 8 A A 1) e fEE AL
RN iEEAA BORHI R 7).
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NaSO,CF (100) o
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PIFA (2 equiv.)
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e e .
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~ R 4CzIPN (2 mol%) R —cF
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R? \
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B 15 4CzIPN ALY B 12 sR IR S B

Scheme 15 4CzIPN-catalyzed radical cascade reactions

4 FEAFUEABBREFE

2018 4F, JH B4 AN T2 VR R 2 U3 1 A WA gk
(1] 4CzIPN IR R, RIETEE. HFANRMA &R
CEMy MR, SEBL aa- R EE 109 A K
(Scheme 16). RMALEEH, BEFIE B Jodi & r=E 1% 110,
TEMEA N & A~ E 3 3 1. 55—,
TRAR AR 108 7Rk T 4ot 5ol 7k I =4 H H
FE 113 («CE,RY), Sk 111 k4 E ek, 534
()44 114, BEJE 20+ 5 72 A B st &4 109.

BrCF,R* (108)

4CzIPN (4 mol%) 3 1
j\ '?2 Na,HPO, (1.5 equiv.) E j\
R SH  ge-N>NH, DMF,BlueLEDs,rt. R~ N~ "CFR’
106 107 109
R® R
|
DL /N
R2/N\N/)\CF R* R? /I<CF R*

113 *CF,R*

BrCFﬁ“J

108 4CzIPN

-
[4CzIPN]*~ TN = SN
R

R' 3 R" Rs
111 112
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[4CzIPN* ~ H.__N

hv

BR 16 4CzIPN AL AR a,a-— T %
Scheme 16 4CzIPN-catalyzed synthesis of a,a-difluoroketone
hydrazones
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ik 2, SeBl 7 ARISAL IR 115 A0 Ak 116 1) £ BRFAR
R BL, & ARG ik 1 443 &) 117 (Scheme
17). LI 7y, 52 AiRIE R B BRI A FE
DA 2% N HH 72 A T 2 PH 5 IR 115 i ) C=C
WU R = Je b A 118, faiEid 2 7 N SRR
o BT 719 30 5 R Bk 1K A< R b &4 117,

o RSe—SeR (116)
1 4CzIPN (2 mol%) 1 /«N]V
17NN R
REN CHaCN, bue LEDs, r.t. o SeR
115 117
o+
116
116 5
R1JJ\N/\/
SET H 445 1/2 116
o)
1L
SePh
[4CzIPNJ* [4CzIPN] 118 +
H
& R1/</ SeR
4CzIPN 2 117

B3 17  4CzIPN LI LA

Scheme 17 4CzIPN-catalyzed selenation cyclization

2018 4, Konig WA L) 4CZIPN N EALT, 767
WIER ST 05 5 L0 119 5%k B E 120
) De Mayo XN, & 1,5-—BIEMAEY 121, IFHiZ
THERT LA R TR A& & R, PLmiies
Hl &) T -EeIME S, FAMEE R % T kR
PL 57% 245 1) B — 1) X 48 7 A4 448 121 ¢ (Scheme 18).

4CzIPN (4 mol%)
R O/\ + RSJH/EWG n-Bu,PO4NMe(n-Bu); (25 mol%)
CH3CN, Ny, 455 nm, r.t.

120

R3_O Ré
N EWG
R 1> R?
121
(e}
o o Ph Q® Pn
e e @
Ph /,
COzMe ’Cone
121a,87%  121b, 65% (antilsyn = 1.3/1) 121¢, 57%

B 18  4CzIPN fiEfb & 1,5- I &G
Scheme 18  4CzIPN-catalyzed synthesis of 1,5-dicarbonyl
compounds
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WA NEIE, kB S I T I R A SN . S B
MUERrR, J5RIE R MALMIER TR, 5 SBlE A IR R
N, PRAEEAL Y R AA 124, FETECHENAEZ T K
RN FR Y, REAAEIFATT R 123 (Scheme 20).

HBr (10 mol%)

0O,, HCI (3 equiv.) AN
R;\ 4CzIPN (2 mol%) | R
U
= cl

451 nm, MeCN, 25 °C

122 123
* x-
[4CzIPN] X = Brand Cl
visible
light X
4CzIPN [4CzIPNT

R
2Br’ Bra 122 /©+ HBr
Br

R 124

- : R

of BT T O . B
Cl

]

Br

B 19 4CzIPN AR AT R
Scheme 19 4CzIPN-catalyzed synthesis of chlorinated arenes

Aggarwal TS T 0] WG 4CZIPN AEAL
AR, SO T B B R IR (0 ER T A S B, W] BABRGE ] 4
RN R BV T Ke 4. 2B BA SN SR AR fE
RS B A R, AR S AR JR B 8 B T R IR
%E’JﬂTﬂc}if %E%J%ﬁ&ﬁfl&% & A DA £ 15 3
T=. H. ANy BT (Scheme 20).

2018 fﬁ, Leonori 1R 7 4119V J -F wf L 6 2 F 11
4CzIPN fEAL AR &, 2B 7 BEZ 5 i 104 1z %I
C(sp))—H FREAIRNL, LI T BRIl -0 sk
1o, BEEAL . KR RIBREAL SN . AEZF T, E%
JEeiiE 129 FEOGCHEALTT, 7 A DG B vh A4 i 1
(BB H 35132, B S, 132 &5t 1,5- AL (,5-
hydrogen-atom transfer, 1,5-HAT);=4= 844 133, 1M /2
R 130 BA 2R 5 5 4 2 1 HUIE (SOMO) 47 .
R A 133 SR R RV 130 )8, P24 BARE A
131 (Scheme 21).

AL G TT 0, S A A s 2 AR A8 R R A
RLEIEF HRR . 2018 4, RIERREEARIE T &
LGOI z'cfﬁmzt:/% kﬁﬁT%QfﬁH&E’JEBE * H
4CzIPN J9fifb i, TR VIR, FERT
WOt T 23 szﬂ;z(dzk?‘ﬁﬂﬁ)m (L SRR R L, B R
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BIX 20 4CzIPN fEALIRARBERE 75 B
Scheme 20 4CzIPN-catalyzed synthesis of cycloalkanes
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132 R
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Scheme 21 4CzIPN-catalyzed remote C—H functionalization
T2 ao- "B -a- IR 135, ZRN, RVEY)
134 fEOLMEA A P ROR R4 a-BIE T 136. i
Ja AT AR 136 SRAZINER, 321 137, &
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Scheme 22 4CzIPN-catalyzed hydrocarboxylation of imines
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