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(d) This work: ["Pr-DMQA*][BF ;7] as red photosensitizer for aryl C-N coupling
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Nu: aliphatic amines, sulfonamides yields up to 96% ["Pr-DMQA*][BF ;]
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Figure 1 (Color online) Metal catalyzed aryl C—N coupling reaction.
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Table 1 Optimization of reaction conditions”
NiBr,+glyme (2.5 mol%) H

! - B N
/@/ p— ["Pr-DMQA*][BF ;7] (5.0 mol%) /@, “nBu
MeO MeO

620-630 nm, 100 °C, Ar, 24 h
p 5 DBU (2.0 equiv), DMF (2.0 mL) 5

Entry Deviation from standard conditions Yield (%)b)
1 none 87
2 NiBr, 3H,0 80
3 NiCl,'6H,0 68
4 DBN 38
5 T™G 18
6 DMSO N.D.
7 1,4-dioxane Trace
8 ["Pr-DMQA"[BE,] (2.5 mol%) 62
9 ["Pr-DMQA"[BE, ] (1.0 mol%) 21
10 no light N.D.
11 no ["Pr-DMQA |[BF,] N.R.
12 no [Ni] N.R.
13 no DBU N.D.
14 air N.D.

a) N2 4-TFK FEE(0.2 mmol, 1.0 equiv), 1E T %(0.4 mmol,
2.0 equiv), & HBEEILEL2.5 mol%), ["Pr-DMQA’][BF, ]
(5.0 mol%), DBU (4.0 mmol. 2.0 equiv), DMF (2.0 mL), Red LEDs
(620~630 nm), 100°C, /<, 24 h. H1,3,5-= AL ZAE N A FRINE
Filg= 2. b) NiBr,-glyme (5.0 mol%)
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Table 2 Aryl iodide substrate rangea)

NiBry+glyme (2.5 mol%)
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\ 620-630 nm, 100 °C, Ar, 24 h R& |
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H H
i N

Fl
@
c

-n
a
[}
oz 2 Q
5
@
o g
@
Z
T =
3 3
2 2 = :
3 S
Z 2
3 =
] <}
5 “C}
© ©
& &
2 \ o R
S
®
g

T g
B
z
7
Fl
@
c

N
“nBu “nBu
H Me
MeO,C
o o
9, 72%
H
N

g
-
2
B =k
S
o
2
o:z =
3 e
s
2

e

12, 62% 13,75% 14, 37%

H

o H M N

H N B & nBu
H “nBu /@ nBu
Me Me Me
16, 76% 17, 63%
Bl

K N f.

18, 50% 19, 90%
H H
H N,
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24, 35%" 25, 72%"

a) [N AE: F5IEIALA(0.2 mmol, 1.0 equiv), 1E T (0.4 mmol,
2.0 equiv), Z B HEBFRILE(2.5 mol%), ["Pr-DMQA'][BF, ]
(5.0 mol%), DBU (0.4 mmol, 2.0 equiv), DMF (2.0 mL), Red LEDs
(620~630 nm), 100°C, 44X, 24 h; b) 36 h; ¢) 12 h
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Table 3 Heteroaryl iodide substrate rangea>

| NiBr,+glyme (2.5 mol%) H
= npr.| + o N_
RE T+ neunm, ["Pr-DMQA*][BF ;7] (5.0 mol%) N e
S 620-630 nm, 100 °C, Ar, 24 h x

DBU (2.0 equiv), DMF (2.0 mL)

H
L 0 A
X, N,nBu X, ~nBu Ny
H

N NN
cl
26, 50% 27,41% 28,94%
N Ph N PhO. R
7 N\nE!u /I nBu /‘ “nBu
S S S
N N N
29,77% 30, 75% 31, 80%
i § P
F\(\J'N‘nsu (7 nbu N0 N e
SN N Me” N
32,79% 33, 67% 34, 83%
M 4 ] y
oA “nBu & nBu 2 “nBu
- < g
c” N N Me” N
5, 51% 36, 83% 37, 71%
F4CO. F
n HN,nBu 3 "
2N
X \N
38, 36%° 39, 70% 40, 80%
N
7y Tnew E HN—nBu
cl SN
\ QL wO-C
s =N
N ¥,
COE
41,60% 42, 66%

a) R4 55 R (0.2 mmol, 1.0 equiv), IE T #%(0.4 mmol,
2.0 equiv), 2 HBFRILE(5.0 mol%), ["Pr-DMQA'][BF,]
(2.5 mol%), DBU (0.4 mmol, 2.0 equiv), DMF (2.0 mL), Red LEDs
(620~630 nm), 100°C, 4", 24 h; b) 36 h

(41~42).
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Table 4 Primary amine substrate rangea)
| NiBr,+glyme (2.5 mol%)

@’ . R-NH, ["Pr-DMQA*][BF47] (5.0 mol%)

NC 620-630 nm, 100 °C, Ar, 24 h

DBU (2.0 equiv), DMF (2.0 mL)

Wy A fma
N N H
/@’ N /@r \/\(\)
o]
v jenacIE"
NC’
52, 96% 53, 66% 54, 74%
H
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H H H
0 0 o0
NC’ NC NC’
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H H
N N H
Iy I O @'ﬁ
NC’
he o] K NC’
61,35% 62,63% 63,81%
H O
Qn O NY‘Q
NC’ NC’
64, 68% 65, 46%

a) MM 4-IZK FF (0.2 mmol, 1.0 equiv), [%(0.4 mmol, 2.0
equiv), £ B~ FEBERILEL(5.0 mol%), ["Pr-DMQAT][BE, ]
(2.5 mol%), DBU (4.0 mmol, 2.0 equiv), DMF (2.0 mL), Red LEDs
(620~630 nm), 100°C, 4", 24 h
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Table 5 Sulfonamide substrate rangea)
620-630 nm, 100 °C, Ar, 24 h

1
/©/ +  RSO,NH,
NC
DBU (2.0 equiv), DMF (2.0 mL)
H H .o
N. P NP N-g”
e Léy “CL
NC NC NC

NiBr,+glyme (2.5 mol%)
["Pr-DMQA*][BF 4] (5.0 mol%)

/@NHOZSR
NC

66, 55% 67,61% 68, 90%
H H
H 0
N\S/,O N. O N:S/
oD got
NC N2 NC W NG CN
69, 68% 70, 63% 7,70%
Me
H
H 0
N H o Nog
NC Me o /© o "@ NG N
)
o N
72,63% 73,61% 74,65%  CF,

a) N Z& A 4-TE F % (0.2 mmol, 1.0 equiv), f#Fk[%(0.4 mmol,
2.0 equiv), Z B HBERALEL(S5.0 mol%), ["Pr-DMQA’][BF,]
(2.5 mol%), DBU (0.4 mmol, 2.0 equiv), DMF (2.0 mL), Red LEDs
(620~630 nm), 100°C, &<, 24 h

Hi(74) 53 B LL61%F165% I R A5 2 H br =4,

N T B6AIE 2T R 3 R A 1 C — NAB BB S 1
B TR T SRR K T 2505 (1812), s LL84% I
KRB HRTY). 5 RE R IR 1 HLA BN AR
bl, 206 R C—NAR IR S B TE TROK B LT AN 5 B4
e [ 7 s [

e, PAVE P IRBIR SEIL T ey dE 05 5L i1k
YR BEEC NI SN, 1 %%, TEL641F A6
SPIRBCRANE T JAE MRS, SELT 1B T JE A o5 K
I C—NABEE J . 3 T AR B 20 7 2 il iy T4,
WEN-T Be-4-R0K AR 9 F — B I k5 2- 4 38 T i
SNE, AE AR IR, T BLE— 25 R AR C-NAR Bk
SN P35 % 7= AT B XU AL =P (K13).
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SR 5 LA P TLE o e A 22 3 F0 25 740 15 2N
(I 7% FE I AL Bt 5, Ni(IDAC 24000 206 0k
ff"PrDMQA"" B Bt T4 4k, AR BNG(IID I 4TV ATE
JRZSH"Pr-DMQA . Ni(IIDES & TVIE 53 B 45 BINi

NiBra+glyme (2.5 mol%)
["Pr-DMQA"][BF 4] (5.0 mol%)

N
I “nBu
+ nBuNH,
Br Br

620-630 nm, 100 °C, Ar, 24 h

DBU (2.0 equiv), DMF (50 mL) ”n

5 mmol 2.0 equiv 0.96 g, 84%
B2 (M RR ) IR L
Figure 2 (Color online) Enlarged reaction.
o
nBuNH, H HT:/( n
! N “nBu
—(Ni,(c* — nBu — Ni — O
ST -ECE®—- Iy-E@® Ny
0.2 mmol 89% 75, 35%

Ni(OAc); (10.0 mol %),
d-Mebpy (10.0 mol%)

@@ 390-395 nm, 85 °C, Ar, 24 h
DBU (3.0 equiv)

PhMe:dioxane(2.0 mL, 3:1)

NiBrz+glyme (2.5 mol%)
, /= ["Pr-DMQA"][BF ] (5.0 mol%)
R +
Ni) (€% (D) 620630 nm, 100 oG- Ar, 24 1
DBU (2.0 equiv), DMF (2.0 mL)

B3 (W2 ORI 't W 4 57 2 e A 1R 3 % P C - N IR
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Figure 3 (Color online) Selective C—N coupling reaction of aryl
halides regulated by light.
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\/ Y
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B 4 (M2 RO B G C—NABIER S B AT BE FR) S MEATLER
Figure 4 (Color online) Possible reaction mechanism of photocataly-
tic C—N coupling reaction.
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Red light induced nickel catalyzed aryl C—N coupling reaction
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Abstract: Helical C* ion ["Pr-DMQA][BF, ] is a cheap, stable, easy-to-prepare, and red-light-absorbing organic
photosensitizer. Herein, we report the nickel catalyzed C—N coupling reaction between aryl iodides and amines with
["Pr-DMQA"|[BF, ] as a red light photosensitizer under red light irradiation at 620~630 nm. The mild reaction
conditions make the reaction have a wide range of substrates (71 examples) and excellent functional group
compatibility, with electron rich or electron deficient substituted (hetero)aryl iodides, primary amines and sulfonamides
suitable for the reaction. At the same time, the reaction can realize the late functional modification of drug molecules,
such as cangliprazin, celeccinol, loratadine.
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