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1. General Information
General Methods. 1H NMR spectra were recorded on 500 MHz spectrophotometers. Chemical shifts 

(δ) are reported in ppm from the resonance of tetramethyl silane as the internal standard (TMS: 0.00 

ppm). Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet), coupling constants (Hz) and integration. All NMR spectra were recorded on a 

Bruker spectrometer at 500 MHz (1H NMR), 125 MHz (13C NMR) and 500 MHz (19F NMR). HRMS 

was recorded on Bruker micrOTOF II ESI-TOF. Optical rotations were measured with a polarimeter. 

All air- and moisture-sensitive reactions were performed under an atmosphere of Nitrogen in fire dried 

glassware. The manipulations for cyclization and formylation reactions were carried out with standard 

Schlenk techniques. Flash column chromatography was performed using 200-300 mesh silica gel.

2. Experimental Section of Amides construction
2.1 Matherials All the solvents were treated according to standard methods and all chemicals were 

used without purification. The substrates were purchased commercially unless noted otherwise.

2.2. Optimization of Conditions

Table S1 The Effect of solvents.[a]

NO2

MeOOC

dppf (5 mol%)

solevent
10 W×2 380 nm LEDs, air, rt, 12 h

H
N

MeOOC
O

Cl

1a 2a

[a]Unless noted otherwise, reactions were performed with 1a (0.2 mmol, 1.0 equiv.), dppf(5 mol%), in Solvents 

(2.0 mL) under irradiation of 10 W×2 purple LEDs (380-400 nm) at rt. [b]Isolated yield.

Entry Solvent Yield of 2a (%)[b]

1 DCE 50
2 DCE:CH3CN=5:1 39
3 DCE:CH3CN=2:1 61
4 DCE:CH3CN=1:1 65
5 DCE:CH3CN=1:2 58
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Table S2 The Effect of Iron source.[a]

NO2

MeOOC

[Fe] (5 mol%)

DCE/CH3CN=1:1
10 W×2 380 nm LEDs, air, rt, 12 h

H
N

MeOOC
O

Cl

1a 2a

[a]Unless noted otherwise, reactions were performed with 1a (0.2 mmol, 1.0 equiv.), [Fe] (5 mol%), in 1:1 

mixture of DCE and MeCN (2 mL) under irradiation of 10 W×2 purple LEDs (380-400 nm) at rt. [b]Isolated 

yield.

Table S3 The Effect of solvents.[a]

NO2

MeOOC

FeCl3 (5 mol%)

solvent
10 W×2 380 nm LEDs, air, rt, 12 h

H
N

MeOOC
O

Cl

1a 2a

Entry [Fe] Yield of 2a (%)[b]

1 DPPF 65
2 FeCl2·4H2O 71
3 FeCl3 72
4 FeCl3·6H2O 72
5 Fe2(SO4)3 70
6 Fe(acac)3 68
7 Fe(acac)2 31
8 Fe(NO3)3·9H2O 72
9 FeSO4 63
10 Fe(OAc)2·4H2O 70
11 FeBr3 72
12 2 mol% of FeCl3 70
13 10 mol% of FeCl3 69

Entry Solvent Yield of 2a (%)[b]

1 DCE 69
2 DCE:DCM=1:1 40
3 DCE:CHCl3=1:1 65
4 DCE:PhCl=1:1 38
5 DCE:Acetone=1:1 39
6 DCE:DMF=1:1 Trace
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[a]Unless noted otherwise, reactions were performed with 1a (0.2 mmol, 1.0 equiv.), dppf(5 mol%), in Solvents 

(2 mL) under irradiation of 10 W×2 purple LEDs (380-400 nm) at rt. [b]Isolated yield.

Table S4 The Effect of catalyst.[a]

NO2

MeOOC

cats (5 mol%)

DCE/CH3CN=1:1
10 W×2 380 nm LEDs, air, rt, 12 h

H
N

MeOOC
O

Cl

1a 2a

[a]Unless noted otherwise, reactions were performed with 1a (0.2 mmol, 1.0 equiv.), [Fe] (5 mol%), in 1:1 

mixture of DCE and MeCN (2 mL) under irradiation of 10 W×2 purple LEDs (380-400 nm) at rt. [b]Isolated 

yield.

Table S5 The Effect of additive.[a]

NO2

MeOOC

FeCl3 (5 mol%)

DCE/CH3CN=1:1
10 W×2 380 nm LEDs, air, rt, 12 h

additive(1 eq)

H
N

MeOOC
O

Cl

1a 2a

7 DCE:DMSO=1:1 31
8 DCE:MeOH=1:1 Trace
9 DCE:THF=1:1 Trace
10 DCE:CH3CN=1:1 72

Entry cats Yield of 2a (%)[b]

1 MnCl2 trace
2 ZnCl2 NR
3 CoCl2 NR
4 CeCl3 NR
5 CuCl2 NR
6 FeCl3 72

Entry addtive Yield of 2a (%)[b]

1 \ 72
2 NH4Cl 71
3 CH3COOH 72
4 TFE 69
5 HCl 68
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[a]Unless noted otherwise, reactions were performed with 1a (0.2 mmol, 1.0 equiv.), FeCl3 (5 mol%),additive(1.0 

equiv.), in 1:1 mixture of DCE and MeCN (2 mL) under irradiation of 10 W×2 purple LEDs (380-400 nm) at rt. 
[b]Isolated yield.

Table S6 The control experiment.[a]

NO2

MeOOC

FeCl3 (5 mol%)

DCE/CH3CN=1:1
10 W×2 380 nm LEDs, rt, 12 h

H
N

MeOOC
O

Cl

1a 2a

[a]Unless noted otherwise, reactions were performed with 1a (0.2 mmol, 1.0 equiv.), FeCl3 (5 mol%), in 1:1 

mixture of DCE and MeCN (2 mL) under irradiation of 10 W×2 purple LEDs (380-400 nm) at rt. [b]Isolated 

yield.

2.3. General Procedures and Characterization

2.3.1. Conditions of Amides Construction
NO2

+
FeCl3 (5 mol%)

MeCN
10W×2 380 nm LEDs, air, rt, 12 h

H
N

O
Cl

Cl Cl

DCE1 2

R1 R1

In a flask dried tube, substituted nitrobenzene 1 (0.2 mmol, 1.0 eq) and FeCl3(5 mol%) were 

dissolved into the mixed solution of MeCN(1 mL) and DCE (1 mL). The resulting solution was stirred 

at room temperature under the irradiation of 10 W×2 purple LEDs (380-400 nm). The mixture was 

6 Glycine 64
7 H2O 70
8 4Å MS 68
9 TBACl 67
10 TBABr 41

Entry Another parameters Yield of 2a (%)[b]

1 air 72
2 O2 72
3 N2 72
4 Dark NR
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stirred until complete conversion of the substituted nitrobenzene (monitored by TLC). The product was 

purified on silica gel (petroleum ether, gradient from 10:1 to 5:1).

2.3.2 Characterization of Products

4-Chloroacetylaminobenzoic acid methylester(2a)[1]

White solid, 72%yield, 1H NMR (500 MHz, CDCl3) δ 8.36 (s, 1H), 8.05 (d, J 

= 8.7 Hz, 2H), 7.65 (d, J = 8.8 Hz, 2H), 4.21 (s, 2H), 3.91 (s, 3H). 13C{1H} 

NMR (126 MHz, CDCl3) δ 166.4, 164.0, 140.7, 130.9, 126.7, 119.2, 52.1, 

42.9.

4-(2-Chloroethanoylamino)benzoic acid(2b)[2]

White solid, 84% yield, 1H NMR (500 MHz, DMSO-d6) δ 12.69 (s, 1H), 10.66 

(s, 1H), 7.93 (d, J = 8.7 Hz, 2H), 7.72 (d, J = 8.7 Hz, 2H), 4.31 (s, 2H). 13C{1H} 

NMR (126 MHz, DMSO-d6) δ 167.3, 165.6, 143.0, 130.9, 126.2, 119.1, 44.0.

 

4-[(2-Chloroacetyl)amino]benzamide(2c)[2]

White solid, 74% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.50 (s, 1H), 7.87 

(d, J = 8.6 Hz, 3H), 7.67 (d, J = 8.7 Hz, 2H), 7.25 (s, 1H), 4.30 (s, 2H). 13C{1H} 

NMR (126 MHz, DMSO) δ 167.7, 165.4, 141.5, 129.9, 128.9, 118.9, 44.1. 

N-[4-(Aminosulfonyl)phenyl]-2-chloroacetamide(2d)[3]

White solid, 55% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.85 (s, 1H), 7.80 

(s, 4H), 7.29 (s, 2H), 4.35 (s, 2H). 13C{1H} NMR (126 MHz, DMSO) δ 165.7, 

141.9, 139.4, 127.2, 119.4, 44.0.

2-Chloro-N-phenylacetamide(2e)[4]

White solid, 70% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.29 (s, 1H), 7.60 (d, J = 

7.6 Hz, 2H), 7.34 (t, J = 7.9 Hz, 2H), 7.10 (t, J = 7.4 Hz, 1H), 4.26 (s, 2H). 13C{1H} 

NMR (126 MHz, DMSO-d6) δ 165.1, 138.9, 129.3, 124.3, 119.8, 44.0.

N-(Chloroacetyl)-4-fluoroaniline(2f)[5]

H
N

O
Cl

HOOC

H
N

O
Cl

H
N

O
Cl

MeOOC

H2NOC

H
N

O
Cl

H2NO2S

H
N

O
Cl
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White solid, 95% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.36 (s, 1H), 7.64 – 

7.59 (m, 2H), 7.18 (t, J = 8.9 Hz, 2H), 4.25 (s, 2H). 19F NMR (471 MHz, DMSO-

d6) δ -118.89. 13C{1H} NMR (126 MHz, DMSO-d6) δ 165.0, 158.8 (d, J = 240.8 

Hz), 135.3(d, J = 2.7 Hz), 121.7(d, J = 52.7 Hz), 115.9 (d, J = 22.4 Hz), 43.9.

N-(4-Chlorophenyl)-2-chloroacetamide(2g)[4]

White solid, 61% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.44 (s, 1H), 7.67 – 

7.60 (m, 2H), 7.43 – 7.37 (m, 2H), 4.27 (s, 2H). 13C{1H} NMR (126 MHz, DMSO-

d6) δ 165.3, 137.9, 129.2, 127.9, 121.4, 44.0.

N-(4-Bromophenyl)-2-chloroacetamide(2h)[4]

White solid, 63% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.44 (s, 1H), 7.67 – 

7.58 (m, 2H), 7.43 – 7.35 (m, 2H), 4.27 (s, 2H). 13C{1H} NMR (126 MHz, 

DMSO-d6) δ 165.3, 137.9, 129.2, 127.9, 121.4, 44.0.

N-(Chloroacetyl)-4-(trifluoromethyl)aniline(2i)[4]

White solid, 88% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.66 (s, 1H), 7.82 (d, 

J = 8.5 Hz, 2H), 7.70 (d, J = 8.6 Hz, 2H), 4.31 (s, 2H). 19F NMR (471 MHz, 

DMSO) δ -60.49. 13C{1H} NMR (126 MHz, DMSO) δ 165.8, 142.5, 126.7 (q, J = 

3.9 Hz), 124.8 (q, J = 3.9 Hz), 124.3 (q, J = 32.1 Hz), 119.8. 44.0.

2-Chloro-N-(4-cyano-phenyl)-acetamide(2j)[6]

White solid, 67% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.74 (s, 1H), 7.80 (q, 

J = 8.5 Hz, 4H), 4.32 (s, 2H). 13C{1H} NMR (126 MHz, DMSO-d6) δ 165.9, 143.1, 

133.8, 119.9, 119.4, 106.1, 44.0.

N-(4-Acetylphenyl)-2-chloroacetamide(2k)[2]

White solid, 60% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.64 (s, 1H), 7.96 (d, 

J = 8.8 Hz, 2H), 7.74 (d, J = 8.8 Hz, 2H), 4.31 (s, 2H), 2.54 (s, 3H). 13C{1H} 

NMR (126 MHz, DMSO-d6) δ 197.0, 165.7, 143.2, 132.7, 130.0, 119.1, 44.1, 

26.9.
O

H
N

O
Cl

Cl

H
N

O
Cl

Br

H
N

O
Cl

F

H
N

O
Cl

F3C

H
N

O
Cl

NC

H
N

O
Cl
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N-Chloroacetyl-4-(trifluoromethoxy)aniline(2l)[7]

White solid, 64% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.51 (s, 1H), 7.70 

(d, J = 9.1 Hz, 2H), 7.35 (d, J = 8.6 Hz, 2H), 4.27 (s, 2H). 19F NMR (471 MHz, 

DMSO-d6) δ -57.09. 13C{1H} NMR (126 MHz, DMSO-d6) δ 165.3, 144.4, 138.1, 

122.2, 121.6 ((q, J = 181.4 Hz), 121.3, 43.9.

2-Chloro-N-(3-chlorophenyl)acetamide(2m)[8]

White solid, 83% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.48 (s, 1H), 7.80 (s, 

1H), 7.46 (d, J = 9.2 Hz, 1H), 7.37 (t, J = 8.1 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 

4.27 (s, 2H). 13C{1H} NMR (126 MHz, DMSO-d6) δ 165.5, 140.4, 133.6, 131.0, 

124.1, 119.3, 118.3, 44.0.

N-(3-Cyanophenyl)-2-chloroacetamide(2n)[6]

White solid, 80% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.65 (s, 1H), 8.12 – 8.06 

(m, 1H), 7.82 (td, J = 4.7, 2.2 Hz, 1H), 7.60 – 7.54 (m, 2H), 4.31 (s, 2H). 13C{1H} 

NMR (126 MHz, DMSO-d6) δ 165.8, 139.7, 130.8, 127.9, 124.4, 122.5, 119.0, 112.2, 

43.9.

2-Chloro-N-(2-fluorophenyl)acetamide(2o)[5]

White solid, 70% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.10 (s, 1H), 7.91 – 7.83 

(m, 1H), 7.32 – 7.25 (m, 1H), 7.20 (dt, J = 6.7, 3.5 Hz, 2H), 4.36 (s, 2H). 19F NMR 

(471 MHz, DMSO-d6) δ -124.59. 13C{1H} NMR (126 MHz, DMSO-d6) δ 165.6, 154.2 

(d, J = 245.7 Hz), 126.4 (d, J = 7.7 Hz), 125.9 (d, J = 11.5 Hz), 124.9 (d, J = 3.7 Hz), 124.7, 116.1 (d, J 

= 19.4 Hz), 43.5.

2-Hydroxyl-N-(3-chlorophenyl)acetamide(2p)[9]

White solid, 54% yield, 1H NMR (500 MHz, Chloroform-d) δ 8.54 (s, 1H), 7.73 (s, 

1H), 7.29 (d, J = 9.3 Hz, 1H), 7.15 (t, J = 8.5 Hz, 1H), 7.01 (d, J = 9.3 Hz, 1H), 6.92 (t, 

J = 7.7 Hz, 1H), 4.26 (s, 2H). 13C{1H} NMR (126 MHz, Chloroform-d) δ 160.8, 143.5, 

122.8, 119.8, 117.4, 116.2, 114.6, 37.8.

2-Chloro-N-(5-chloro-2-cyanophenyl)acetamide(2q)[10]

H
NCl

O
Cl

CN

H
N

O
Cl

F3CO

H
N

O
Cl

H
N

O
Cl

F

OH

H
N

Cl
O
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 White solid, 45% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.63 (s, 1H), 7.90 (d, 

J = 8.4 Hz, 1H), 7.80 (s, 1H), 7.49 (dd, J = 8.4, 2.1 Hz, 1H), 4.40 (s, 2H). 13C{1H} 

NMR (126 MHz, DMSO) δ 166.2, 141.3, 138.9, 135.4, 126.7, 125.4, 116.3, 105.9, 

43.4.

2-Chloro-N-(2-bromo-5-cyanophenyl)acetamide(2r)

White solid, 62% yield, 1H NMR (500 MHz, CDCl3) δ 9.03 (s, 1H), 8.79 (s, 1H), 

7.53 (d, J = 8.3 Hz, 1H), 7.39 (d, J = 6.4 Hz, 1H), 4.26 (s, 2H). 13C{1H} NMR 

(126 MHz, CDCl3) δ 164.2, 134.7, 130.2, 128.5, 127.9, 124.1, 117.6, 112.1, 43.0. 

HRMS (ESI) for: C9H6Br81ClNO [M-H]-: calcd 272.9258, found 272.9292.

2-Chloro-N-(2-bromo-5-chlorophenyl)acetamide(2s)

White solid, 63% yield, 1H NMR (500 MHz, DMSO-d6) δ 9.96 (s, 1H), 7.90 (d, J = 

2.5 Hz, 1H), 7.56 (d, J = 8.6 Hz, 1H), 7.31 (dd, J = 8.6, 2.5 Hz, 1H), 4.41 (s, 2H). 

13C{1H} NMR (126 MHz, DMSO-d6) δ 166.0, 136.0, 132.1, 131.4, 126.8, 125.3, 

125.2, 43.5. HRMS (ESI) for: C8H6Br81ClNO [M-H]-: calcd 281.8916, found 281.8918.

3. Experimental Section of Aryl amides Construction 
3.1. Optimization of Conditions

Table S7 The Effect of equivalent of benzyl chloride.[a] 

NO2 Cl H
N

O

FeCl3(5 mol%)

MeCN
10W×2 380 nm LEDs, air, rt, 12 h

4a

[a]Unless noted otherwise, reactions were performed with nitrobenzene (0.2 mmol, 1.0 equiv.), benzyl chloride, 

FeCl3 (5 mol%), in MeCN (2 mL) under irradiation of 10 W×2 purple LEDs (380-400 nm) at rt. [b]Isolated yield.

Entry equivalent of benzyl chloride Yield of 4a (%)[b]

1 10 69
2 5 69
3 2 49
4 1 29

H
N

Br

Cl
Cl

O

H
N

O
Cl

Br

NC

H
N

O
Cl

Cl

CN
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3.2. General Procedures and Characterization

3.2.1. Conditions of Aryl amides Construction

NO2
+

FeCl3 (5 mol%)

MeCN
10 W×2 380 nm LEDs, air, rt, 12 h

H
N

O

Cl

31 4

R1
R1

R2
R2

In a flask dried tube, substituted nitrobenzene 1 (0.2 mmol, 1.0 eq), substituted benzyl chloride 3 

(1 mmol, 5.0 eq) and FeCl3 (5 mol%) were dissolved into MeCN (2 mL) (commercially, no need for 

further purification). The resulting solution was stirred at room temperature under the irradiation of 10 

W×2 purple LEDs (380-400 nm). The mixture was stired until complete conversion of substituted 

nitrobenzene (monitored by TLC). The product 4 was purified on silica gel (petroleum ether/ethyl 

acetate, gradient from 20:1 to 10:1). 

3.2.2 Characterization of Products
N-Phenylbenzamide (4a)

White solid, 69% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.25 (s, 1H), 7.97 (d, J = 

7.1 Hz, 2H), 7.79 (d, J = 7.6 Hz, 2H), 7.59 (t, J = 7.3 Hz, 1H), 7.53 (t, J = 7.4 Hz, 

2H), 7.38 – 7.34 (m, 2H), 7.11 (t, J = 7.4 Hz, 1H). 13C{1H} NMR (126 MHz, DMSO-

d6) δ 166.0, 139.6, 135.5, 132.0, 129.1, 128.8, 128.1, 124.1, 120.8. HRMS (ESI) for: C13H11NO 

[M+Na]+: calcd 220.0733, found 220.0740.

4-Fluoro-N-phenylbenzamide(4b)

White solid, 72% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.30 (s, 1H), 8.11 (dd, 

J = 8.8, 5.5 Hz, 2H), 7.85 (d, J = 7.7 Hz, 2H), 7.37 (q, J = 8.7 Hz, 4H), 7.13 (t, J = 

7.4 Hz, 1H). 19F NMR (471 MHz, DMSO-d6) δ -108.75. 13C{1H} NMR (126 

MHz, DMSO-d6) δ164.9, 164.5 (d, J = 249.5 Hz), 139.5, 131.9 (d, J = 2.9 Hz), 130.8 (d, J = 9.1 Hz), 

129.1, 124.2, 120.9, 115.8 (d, J = 21.8 Hz). HRMS (ESI) for: C13H11NO [M+Na]+: calcd 238.0639, 

found 238.0649.

4-Cyano-N-phenylbenzamide(4c)

H
N

O

H
N

O

F
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White solid, 76% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.48 (s, 1H), 8.15 

(d, J = 8.3 Hz, 2H), 7.99 (d, J = 8.2 Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H), 7.39 (t, J 

= 7.9 Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H). 13C{1H} NMR (126 MHz, DMSO-d6) δ 

164.6, 139.4, 139.3, 132.8, 129.1, 129.0, 124.6, 121.1, 118.8, 114.4. HRMS (ESI) for: C14H10N2O 

[M+Na]+: calcd 245.0685, found 245.0696.

2-Fluoro-N-phenylbenzamide(4d)

White solid, 45% yield, 1H NMR (500 MHz, DMSO-d6) δ 8.59 (d, J = 13.1 Hz, 1H), 

8.07 (t, J = 7.8 Hz, 1H), 7.69 (d, J = 7.9 Hz, 2H), 7.47 (d, J = 7.9 Hz, 1H), 7.37 (t, J 

= 7.9 Hz, 2H), 7.25 (t, J = 7.6 Hz, 1H), 7.20 – 7.09 (m, 2H). 19F NMR (471 MHz, 

DMSO-d6) δ -117.85. 13C{1H} NMR (126 MHz, DMSO-d6) δ 156.9, 155.5 (d, J = 247.5 Hz), 133.1, 

128.8 (d, J = 9.3 Hz), 127.2, 124.3, 120.2 (d, J = 3.2 Hz), 117.0 (d, J = 11.7 Hz), 115.9, 111.4 (d, J = 

24.7 Hz). HRMS (ESI) for: C13H10FNO [M+Na]+: calcd 238.0639, found 238.0640.

3-Cyano-N-phenylbenzamide(4e)

White solid, 70% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.42 (s, 1H), 8.43 (s, 

1H), 8.28 (d, J = 8.0 Hz, 1H), 8.07 (d, J = 7.7 Hz, 1H), 7.80 (d, J = 7.7 Hz, 2H), 

7.77 (t, J = 7.8 Hz, 1H), 7.40 (t, J = 7.9 Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H). 13C{1H} 

NMR (126 MHz, DMSO-d6) δ 164.1, 139.3, 136.4, 135.4, 133.0, 131.8, 130.3, 129.2, 124.5, 120.9, 

118.8, 112.0. HRMS (ESI) for: C14H10N2O [M+Na]+: calcd 245.0685, found 245.0686.

N-phenyl-3-(trifluoromethyl)-Benzamide(4f)

White solid, 47% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.50 (s, 1H), 8.35 

(s, 1H), 8.31 (d, J = 7.8 Hz, 1H), 7.95 (d, J = 7.8 Hz, 1H), 7.84 (d, J = 7.8 Hz, 

2H), 7.78 (t, J = 7.8 Hz, 1H), 7.40 (t, J = 7.9 Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H). 
19F NMR (471 MHz, DMSO-d6) δ -61.25. 13C{1H} NMR (126 MHz, DMSO-d6) δ 164.5, 139.4, 136.4, 

132.2, 130.1, 129.8 (q, J = 32.2 Hz), 129.1, 128.5 (q, J = 3.7 Hz), 124.8 (q, J = 3.8 Hz), 124.5 (q, J = 

273.0 Hz), 124.4, 121.1. HRMS (ESI) for: C14H10F3NO [M+Na]+: calcd 288.0607, found 288.0622.

2-Chloro-4-fluoro-N-phenylbenzamide(4g)[11]

White solid, 46% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.54 (s, 1H), 7.79 (d, 

J = 8.0 Hz, 2H), 7.72 (dd, J = 8.4, 6.2 Hz, 1H), 7.59 (dd, J = 9.0, 2.3 Hz, 1H), 

H
N

O F

H
N
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7.43 – 7.34 (m, 3H), 7.16 (t, J = 7.4 Hz, 1H). 19F NMR (471 MHz, DMSO-d6) δ -109.08. 13C{1H} 

NMR (126 MHz, DMSO-d6) δ 164.7, 162.7 (d, J = 250.5 Hz) , 139.4, 134.2 (d, J = 3.5 Hz), 132.0 (d, J 

= 10.8 Hz), 131.3 (d, J = 9.3 Hz), 129.3, 124.4, 120.2, 117.5 (d, J = 25.3 Hz), 115.0 (d, J = 21.4 Hz).

3, 4-Difluoro-N-phenylbenzamide(4h)[12]

White solid, 56% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.31 (s, 1H), 8.09 – 

8.03 (m, 1H), 7.91 (s, 1H), 7.81 (d, J = 7.8 Hz, 2H), 7.61 – 7.54 (m, 1H), 7.38 (t, 

J = 7.9 Hz, 2H), 7.13 (t, J = 7.4 Hz, 1H). 19F NMR (471 MHz, DMSO-d6) δ -

134.08, -134.09, -134.10, -134.13, -134.15, -134.17, -134.18, -137.80, -137.82, -137.84, -137.86, -

137.89. 13C{1H} NMR (126 MHz, DMSO-d6) δ 163.6, 152.0 (dd, J = 12.7, 12.7 Hz), 149.7 (dd, J = 

13.0, 13.0 Hz), 139.3, 132.7 (dd, J = 3.6, 3.6 Hz), 129.0, 125.7 (dd, J = 3.5, 3.5 Hz), 124.4, 121.0, 

117.9 (d, J = 17.6 Hz), 117.6 (d, J = 18.5 Hz).

N-(2-Fluorophenyl)benzamide(4i)[13]

White solid, 74% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.13 (s, 1H), 8.01 (d, J 

= 7.1 Hz, 2H), 7.66 – 7.60 (m, 2H), 7.55 (t, J = 7.5 Hz, 2H), 7.33 – 7.27 (m, 2H), 

7.24 (t, J = 7.5 Hz, 1H). 19F NMR (471 MHz, DMSO-d6) δ -121.09. 13C{1H} NMR 

(126 MHz, DMSO-d6) δ 165.9, 156.3 (d, J = 247.0 Hz), 134.4, 132.3, 128.9, 128.3, 127.7 (d, J = 1.6 

Hz), .127.4 (d, J = 7.7 Hz), 126.2 (d, J = 12.2 Hz), 124.8 (d, J = 3.6 Hz) , 116.3 (d, J = 19.9 Hz).

N-(3-Chlorophenyl)benzamide(4j)

White solid, 61% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.41 (s, 1H), 8.00 – 

7.95 (m, 3H), 7.73 (d, J = 8.2 Hz, 1H), 7.61 (t, J = 7.3 Hz, 1H), 7.55 (t, J = 7.4 

Hz, 2H), 7.39 (t, J = 8.1 Hz, 1H), 7.16 (d, J = 6.7 Hz, 1H). 13C{1H} NMR (126 

MHz, DMSO-d6) δ 166.3, 141.1, 135.1, 133.4, 132.3, 130.8, 128.9, 128.2, 123.8, 120.2, 119.1. HRMS 

(ESI) for: C13H10ClNO [M+Na]+: calcd 254.0343, found 254.0344.

N-(3-Cyanophenyl)benzamide(4k)[14]

White solid, 80% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.57 (s, 1H), 8.31 (s, 

1H), 8.09 (dt, J = 7.4, 2.1 Hz, 1H), 8.00 (d, J = 7.0 Hz, 2H), 7.63 (t, J = 7.3 Hz, 
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F

Br
H
N

O

1H), 7.57 (td, J = 7.6, 1.7 Hz, 4H). 13C{1H} NMR (126 MHz, DMSO) δ 166.5, 140.5, 134.8, 132.4, 

130.5, 128.9, 128.2, 127.5, 125.3, 123.5, 119.2, 112.0.

N-(4-Fluorophenyl)benzamide(4l)[15]

White solid, 68 % yield, 1H NMR (500 MHz, DMSO-d6) δ 10.34 (s, 1H), 8.00 (d, 

J = 7.2 Hz, 2H), 7.86 (dd, J = 9.0, 5.1 Hz, 2H), 7.60 (t, J = 7.3 Hz, 1H), 7.54 (t, J 

= 7.4 Hz, 2H), 7.21 (t, J = 8.9 Hz, 2H). 19F NMR (471 MHz, DMSO-d6) δ -

118.83. 13C{1H} NMR (126 MHz, DMSO-d6) δ 166.0, 158.8 (d, J = 240.8 Hz), 136.1, 135.3, 132.0, 

128.8, 128.1, 122.7 (d, J = 7.9 Hz), 115.6 (d, J = 22.2 Hz).

N-(4-Cyanophenyl)benzamide(4m)[15]

White solid, 70% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.65 (s, 1H), 8.03 (d, 

J = 8.8 Hz, 2H), 7.99 (d, J = 7.2 Hz, 2H), 7.82 (d, J = 8.7 Hz, 2H), 7.63 (t, J = 

7.3 Hz, 1H), 7.56 (t, J = 7.5 Hz, 2H). 13C{1H} NMR (126 MHz, DMSO-d6) δ 

166.7, 144.0, 134.9, 133.5, 132.5, 128.9, 128.3, 120.7, 119.6, 105.9.

N-(4-(Trifluoromethyl)phenyl)benzamide(4n)[12]

White solid, 87% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.60 (s, 1H), 8.04 (d, 

J = 8.5 Hz, 2H), 7.99 (d, J = 7.1 Hz, 2H), 7.74 (d, J = 8.6 Hz, 2H), 7.63 (t, J = 

7.3 Hz, 1H), 7.56 (t, J = 7.4 Hz, 2H). 19F NMR (471 MHz, DMSO-d6) δ -60.36. 

13C{1H} NMR (126 MHz, DMSO-d6) δ 166.5, 143.3, 135.0, 132.4, 128.9, 128.3, 126.4 (q, J = 3.8 Hz), 

124.9 (q, J = 271.9 Hz), 124.1 (d, J = 32.0 Hz), 120.6.

N-(2-Fluoro-5-bromophenyl)-benzamide(4o)

White solid, 51% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.24 (s, 1H), 8.02 (d, 

J = 8.5 Hz, 2H), 7.95 (dd, J = 6.8, 2.5 Hz, 1H), 7.63 (t, J = 7.4 Hz, 1H), 7.56 (t, J 

= 7.5 Hz, 2H), 7.45 (dd, J = 7.0, 4.4 Hz, 1H), 7.34 – 7.29 (m, 1H). 19F NMR 

(471 MHz, DMSO-d6) δ -122.58. 13C{1H} NMR (126 MHz, DMSO-d6) δ 166.1, 155.2 (d, J = 248.3 

Hz), 134.1, 132.5, 129.6 (d, J = 7.8 Hz), 129.4 (d, J = 1.8 Hz), 128.9, 128.4, 128.1 (d, J = 13.5 Hz), 
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118.3 (d, J = 21.6 Hz), 115.9 (d, J = 3.4 Hz). HRMS (ESI) for: C13H10BrFNO [M+H]+: calcd 293.9924, 

found 293.9916.

N-(2-Bromo-5-chlorophenyl)-benzamide(4p)[16]

White solid, 61% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.13 (s, 1H), 8.00 (d, 

J = 7.1 Hz, 2H), 7.78 (s, 1H), 7.65 – 7.54 (m, 4H), 7.38 (d, J = 8.6 Hz, 1H). 

13C{1H} NMR (126 MHz, DMSO-d6) δ 166.0, 136.9, 134.1, 132.5, 131.9, 131.4, 

129.0, 128.3, 128.2, 128.0, 127.5.

N-(2, 3-Dichlorophenyl)-benzamide(4q)[17]

White solid, 78% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.23 (s, 1H), 8.02 (s, 

1H), 8.01 (s, 1H), 7.61 (d, J = 9.6 Hz, 2H), 7.56 (t, J = 7.5 Hz, 3H), 7.42 (t, J = 

8.1 Hz, 1H). 13C{1H} NMR (126 MHz, DMSO-d6) δ 165.9, 137.7, 134.2, 132.5, 

132.5, 129.0, 128.7, 128.5, 128.4, 128.2, 127.5.

N-(3,4-Difluorophenyl)benzamide(4r)[12]

White solid, 38% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.44 (s, 1H), 7.97 (d, J 

= 7.2 Hz, 3H), 7.62 (t, J = 7.3 Hz, 1H), 7.57 (q, J = 6.9 Hz, 3H), 7.47 – 7.40 (m, 

1H). 19F NMR (471 MHz, DMSO-d6) δ -137.38, -137.40, -137.43, -137.45, -

137.47, -144.40, -144.41, -144.44, -144.46, -144.48. 13C{1H} NMR (126 MHz, DMSO-d6) δ 166.2, 

149.3 (dd, J = 13.2, 13.2 Hz), 146.0 (dd, J = 12.7, 12.7 Hz), 136.7 (dd, J = 3.0, 2.9 Hz), 135.0, 132.3, 

128.9, 128.1, 117.8 (d, J = 17.7 Hz), 117.1 (dd, J = 3.4, 3.4 Hz), 109.7 (d, J = 21.6 Hz).

4. Synthetic application
4.1 Synthesis and Characterization of 5
NO2

O

F3C O

O NaH(4.0 eq)
THF(20 mL)

N N
F3C

NO2

SO2NH2

H2NO2S NHNH2•HCl

EtOH, 90°C,reflux

5

10 min

In a 50 mL round bottom flask, p-nitroacetophenone(5 mmol) was dissolved into the solution of 

THF(25 mL).Then,cooled the solution to -5℃ and added NaH(4.0 eq). After 30 minutes of mixture, 

ethyl trifluoroacetate(25 mmol) was added into the solution. The mixture was stirred until complete 
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conversion(about 10 minytes) of the p-nitroacetophenone (monitored by TLC). The product was 

purified on silica gel (petroleum ether/ethyl acetate, gradient from 5:1 to 2:1). 4, 4, 4-Trifluoro-1-(4-

nitrophenyl)-1, 3-butanedione(1.0 eq) and 4-hydrazinebenzenesulfonamide hydrochloride(1.1 eq) were 

added in a 100 mL round bottom flask which was filled with EtOH(50 mL). The mixture was stirred 2 

h. Then, the reaction accomplished. The product was purified on silica gel (petroleum ether/ethyl 

acetate, gradient from 5:1 to 2:1).

4-(5-(4-nitrophenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl)benzenesulfinamide(5)

White solid, 1H NMR (500 MHz, DMSO-d6) δ 8.27 (d, J = 8.8 Hz, 2H), 

7.91 (d, J = 8.6 Hz, 2H), 7.61 (dd, J = 13.7, 8.7 Hz, 4H), 7.54 (s, 2H), 7.45 

(s, 1H). 19F NMR (471 MHz, DMSO-d6) δ -60.90. 13C{1H} NMR (126 

MHz, DMSO-d6) δ 148.1, 144.8, 143.6, 142.9 (q, J = 38.1 Hz), 141.1, 135.0, 

130.8, 127.5, 126.6, 124.4, 123.7 (q, J = 263.9 Hz), 108.2. HRMS (ESI) for: C16H11F3N4O4S [M+Na]+: 

calcd 435.0345, found 435.0350.

4.2 Synthetic application

NN
F3C

NO2

SO2NH2

+
FeCl3 (5 mol%)

MeCN,
10 W×2 380 nm LEDs, air, rt, 12 h

Cl
Cl

DCE

NN
F3C

H
N

SO2NH2

O
Cl

5 6

In a 5 mL tube, 5 (1.0 equiv., 0.2 mmol) and FeCl3(5 mol%) were dissolved into the mixed 

solution of MeCN(1 mL) and DCE (1 mL). The resulting solution was stirred at room temperature 

under the irradiation of 10 W×2 purple LEDs (380-400 nm) for 12 h. The mixture was stirred until 

complete conversion of the 5 (monitored by TLC). The product was purified on silica gel (petroleum 

ether/ethyl acetate, gradient from 2:1 to 1:1). 

N-(4-(1-(4-(aminosulfinyl)phenyl)-3-(trifluoromethyl)-1H-pyrazol-5-yl)phenyl)-2-

chloroacetamide (6)

White solid, 36% yield, 1H NMR (500 MHz, DMSO-d6) δ 10.49 (s, 1H), 

7.91 (d, J = 8.7 Hz, 2H), 7.64 (d, J = 8.7 Hz, 2H), 7.57 (d, J = 8.7 Hz, 2H), 

7.51 (s, 2H), 7.31 (d, J = 8.7 Hz, 2H), 7.21 (s, 1H), 4.28 (s, 2H). 19F NMR 
NN

H
N

O
Cl

F3C

SO2NH2

NN

NO2

F3C

SO2NH2
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(471 MHz, DMSO-d6) δ -60.87. 13C{1H} NMR (126 MHz, DMSO-d6) δ 165.5, 145.4, 144.5, 142.7 (q, 

J = 36.5 Hz), 141.5, 139.9, 130.1, 127.3, 126.5, 123.9, 121.8 (d, J = 268.4 Hz), 119.7, 106.6, 44.0. 

HRMS (ESI) for: C18H14ClF3N4O3S [M+Na]+: calcd 481.0319, found 481.0318.

5. Control experiments
5.1 Possible active intermediate 

NO2 FeCl3 (5 mol%)

DCE
10 W×2 400 nm, air, rt

MeO2C
1a

H
N

O
MeO2C

Cl

2a

+ 7

In a flask dried tube, substituted nitrogencontaining intermediates (0.2 mmol, 1.0 eq) and FeCl3(5 

mol%) were dissolved into the mixed solution of DCE(2 mL). The resulting solution was stirred at 

room temperature under the irradiation of 10 W×2 blue LEDs (380-400 nm).

(Z)-2-chloro-N-(4-(methoxycarbonyl)phenyl)ethan-1-imine oxide(7)

White solid, 1H NMR (500 MHz, DMSO-d6) δ 11.17 (s, 1H), 8.00 (d, J = 8.9 

Hz, 2H), 7.86 (d, J = 8.9 Hz, 2H), 4.71 (s, 2H), 3.85 (s, 3H). 13C{1H} NMR 

(126 MHz, DMSO-d6) δ 166.5, 166.1, 145.4, 130.4, 125.9, 119.0, 52.5, 44.3. 

HRMS (ESI) for: C10H10ClN4O3 [M+K]+: calcd 265.9981, found 265.9918.

5.2 The reaction of possible nitrogencontaining intermediates

+
FeCl3 (5 mol%)

MeCN
10 W×2 380 nm, air, rt, 12 h

Cl
Cl

DCE

H
N

O
ClPh N

2e
In a flask dried tube, substituted nitrogencontaining intermediates (0.2 mmol, 1.0 eq) and FeCl3(5 

mol%) were dissolved into the mixed solution of MeCN(1 mL) and DCE(1 mL). The resulting solution 

was stirred at room temperature under the irradiation of 10 W×2 purple LEDs. The mixture was stirred 
until complete conversion of the substituted nitrobenzene (monitored by TLC). The product was 
purified on silica gel (petroleum ether, gradient from 20:1 to 10:1).

Entry nitrogencontaining 
intermediates Yield of 2e (%)[a]

1 PhNO2 70
2 PhNO 34
3 PhNNPh 42

N

MeO2C

Cl

O
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[a] Isolated yield.

5.3 Radical Trapping Experiments

NO2

MeO2C
1a

+ TEMPO

H
N

O
MeO2C

Cl

2aX equiv.

standard
conditions

In a flask dried tube, Methyl 4-nitrobenzoate 1a (0.2 mmol, 1.0 eq), TEMPO(X=1, 2, 3) and 

FeCl3(5 mol%) were dissolved into the mixed solution of MeCN(1 mL) and DCE (1 mL). The resulting 

solution was stirred at room temperature under the irradiation of 10 W×2 purple LEDs (380-400 nm). 

The mixture was stirred until complete conversion of the substituted nitrobenzene (monitored by TLC). 

[a] Isolated yield.

5.4 Light On-Off switching experiments

NO2 Cl H
N

O

FeCl3 (5 mol%)

MeCN
10 W×2 380 nm, air, rt, 12 h

4a

4 PhNONPh 0
5 PhNHOH 68
6 PhNH2 40

Entry equivalent of TEMPO Yield of 2a (%)[a]

1 1 0
2 2 0
3 3 0
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7. NMR Spectra of Products
1H NMR Spectrum of 2a (CDCl3)
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1H NMR Spectrum of 2b (DMSO-d6)
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H2NOC

H
N

O
Cl

1H NMR Spectrum of 2c (DMSO-d6 )
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13C{1H} NMR Spectrum of 4f (DMSO-d6 )
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19F NMR Spectrum of 4g (DMSO-d6 )
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1H NMR Spectrum of 4h (DMSO-d6 )
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13C{1H} NMR Spectrum of 4h (DMSO-d6 )
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19F NMR Spectrum of 4i (DMSO-d6 )
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1H NMR Spectrum of 4j (DMSO-d6 )
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1H NMR Spectrum of 4k (DMSO-d6 )
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1H NMR Spectrum of 4l (DMSO-d6 )
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13C{1H} NMR Spectrum of 4l (DMSO-d6 )
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13C{1H} NMR Spectrum of 4m (DMSO-d6 )
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19F NMR Spectrum of 4n (DMSO-d6 )
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1H NMR Spectrum of 4o (DMSO-d6 )
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13C{1H} NMR Spectrum of 4o (DMSO-d6 )
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13C{1H} NMR Spectrum of 4p (DMSO-d6 )
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13C{1H} NMR Spectrum of 4q (DMSO-d6 )
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19F NMR Spectrum of 4r (DMSO-d6 )
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1H NMR Spectrum of 5 (DMSO-d6 )
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13C{1H} NMR Spectrum of 5 (DMSO-d6 )

0102030405060708090100110120130140150160170180190200

f1 (ppm)

10
8.
18

12
0.
52

12
2.
66

12
4.
36

12
4.
76

12
6.
58

12
7.
18

12
7.
49

13
0.
81

13
4.
96

14
1.
08

14
2.
45

14
2.
75

14
3.
06

14
3.
36

14
3.
61

14
4.
81

14
8.
15

1H NMR Spectrum of 6 (DMSO-d6)

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.512.0

f1 (ppm)

2.
15

1.
04

2.
04

2.
03

2.
18

2.
02

2.
10

1.
00

4.
28

7.
21

7.
30

7.
32

7.
51

7.
56

7.
58

7.
63

7.
65

7.
90

7.
92

10
.4
9

NN

H
N

O
Cl

F3C

SONH2

NN

NO2

F3C

SONH2



S67/68

19F NMR Spectrum of 6 (DMSO-d6 )
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1H NMR Spectrum of 7 (DMSO-d6 )
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