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1. General Information 

All reactions were carried out under air unless otherwise stated. Nitrosobenzene derivatives 1c-1o 
were prepared according to literature procedures using commercial reagents (Section 2). All other 
starting materials and solvents were purchased from commercial suppliers. NCS and NBS were 
recrystallized from water. All other reagents were used as received (CuCl2 (98%), CuBr2, (99%)). 
1H NMR and 13C NMR spectra were recorded at room temperature in CDCl3 on a Bruker 400 or 
a 500 MHz spectrometer. Chemical shifts (δ) are reported in ppm with the following 
abbreviations used for the observed multiplicities: s (singlet), d (doublet), t (triplet), q (quartet), 
br (broad), m (multiplet for unresolved lines). 1H NMR chemical shifts were referenced to the 
residual solvent signal for CHCl3 (7.26 ppm) or MeCN-d3 (1.94 ppm), and 13C NMR chemical 
shifts were referenced to the solvent signal of CDCl3 (77.16 ppm). Analytical TLC was 
performed on pre-coated silica gel plates. After elution, the plates were visualized by UV 
illumination at 254−360 nm and by staining with ethanolic KMnO4 or ethanolic 
phosphomolybdic acid. Column chromatography was performed using Davisil 60Å silica gel (35-
70 μm). HRMS data were recorded on a micrOTOF instrument using ESI and APCI techniques. 
LRMS data were recorded on a GCQ-plus instrument using EI technique. HPLC samples were 
analyzed by UV-detection (at 270 nm) using a Waters 2695 HPLC (column: Chiracel OB, mobile 
phase: iso-hexane:2-propanol 95:5, 0.5 mL/h). 

The regiochemistry of the products was established by analysis of the typical chemical shifts,1 1D 
differential NOE experiments and DEPT experiments for compounds 2b, 3b, 2m and 3m, all 
other products were assigned by analogy. 
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2. Experimental Procedures and Spectral Data 

2.1. Preparation of starting materials 

Nitrosobenzene derivatives 1c–1o were synthesized from the corresponding aniline derivatives 
according to an adapted version of a literature procedure.2 Spectral data for the compounds above 
can be found in the following references: 1c,3 1d,4 1e,5 1f,6 1g,7 1h,8 1i,9 1j,10 1k,l,11 1m,12 and 
1n.13 NCS and NBS were obtained from commercial sources and recrystallized from water. All 
other compounds were used as received from commercial sources. 

1-Chloro-3-methyl-2-nitrosobenzene (1o) 

1o: as a mixture of its’ cis- and trans-dimer (ratio 4.8:1.0). 1H NMR (400 MHz, 
CDCl3): δ ppm 7.41-7.33 (m, 2H), 7.28-7.24 (m, 1H), 2.56 and 2.47 (s, 3H in total); 
13C NMR (100 MHz, CDCl3): δ 139.43, 139.31, 136.35, 135.38, 131.50, 131.47, 

130.15, 129.81, 129.19, 128.62, 128.43, 128.18, 19.89, 18.80 ppm; HRMS (ESI): m/z calcd for 
C7H6ClNNaO [M+Na]+, 178.0030 found 178.0037 

2.2. Screening of reaction conditions and comparison with literature procedures 

 

Scheme S-1: The reactions were performed in a screw-cap vial equipped with a magnetic stirring 
bar on a 0.025-0.50 mmol scale with the indicated reagents under the conditions shown below. 
Reactions executed according to adapted literature procedures are given with the appropriate 
references. 1H NMR yields were determined by analyzing the crude reaction mixture, using 
diiodomethane as an internal standard. For a comparison with classical halogenation employing 
Br2 or Cl2, see Scheme 1.  

Table S-1: Relevant findings in the reaction development 

Entry 1x Reaction 
scale 
(mmol) 

Reagents 
(equiv) 

Reaction 
conditions 
(°C/h) 

Solvent (mL) 1H NMR 
yield (%) 
(Isolated 
yield (%)) 

1H NMR yield 
starting material 
and by-products 
(%) 

Chlorination 
1 1a 0.10 CuCl2 (1.0) 40/18 MeCN (0.4 mL) 2a: 24 1a: 19, 13a: 5 
2 1a 0.10 CuCl2 (2.0) 40/8 MeCN (0.4 mL) 2a: 49 1a: 11, 13a: 7 
3 1a 0.10 CuCl2 (2.0) 40/7 MeCN (0.4 mL) 2a: 0 1a intact 
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4 1a 0.30 CuCl2 (2.0) rt/24 MeCN (1.2 mL) 2a: 0 1a intact 
5 1a 0.10 CuCl2 (2.2), 

BHT (0.01) 
rt/2 MeCN (0.4 mL) 2a: 47 1a: 10, 13a: 15 

6 1a 0.30 CuCl2 (2.2), 
BHT (0.01) 

rt/2 MeCN (1.2 mL) 2a: (43)  

7 1a 0.10 CuCl2 (2.2), 
BHT (0.1) 

rt/2 MeCN (0.4 mL) 2a: 42 1a: 10, 13a: 16 

8 1a 0.10 CuCl2 (2.2), 
BHT (1.0) 

rt/2 MeCN (0.4 mL) 2a: 34 1a: 21, 13a: 15 

9 1a 0.10 CuCl2 (1.0 or 
2.0) 

40-70/18 CH2Cl2, THF, 
DMSO, AcOH or 
PhMe (0.4 mL) 

2a: 0 1a intact 

10 1a 0.30 CuCl2 (2.0) 40/22 (under 
argon) 

MeCN (1.2 mL) 2a: 0 1a intact 

11 1a 0.10 CuCl2 (2.2), 
BHT (0.01) 

rt/2 (under 
argon) 

MeCN (0.4 mL) 2a: 40 1a: 16, 13a:13 

12 1a 0.10 CuCl2 (1.0), 
TEMPO (1.0) 

40/18 MeCN (0.4 mL) 2a: 0 1a intact  

13 1a 0.10 CuCl2 (1.0), 
CuCl (0.1) 

40/18 MeCN (0.4 mL) 2a: 0 1a intact  

14 1b 0.30 CuCl2 (2.2) rt/48 MeCN (1.2 mL) 2b: 0 1b intact  
15 1b 0.10 CuCl2 (2.2), 

BHT (0.01) 
0/48 MeCN (0.4 mL) 2b: 0 1b intact 

16 1b 0.30 CuCl2 (2.2), 
BHT (0.01) 

rt/7 (slow 
addition) 

MeCN (1.2 mL) 2b: 27 1b: 35 

17 1b 0.05 
(0.13 M) 

CuCl2 (2.2), 
BHT (0.01) 

rt/2 MeCN (0.4 mL) 2b: 55 1b: 21 

18 1b 0.025 
(0.06 M) 

CuCl2 (2.2), 
BHT (0.01) 

rt/4.5 MeCN (0.4 mL) 2b: 45 1b: 28 

19 1b 0.10 NCS (1.0) rt/16 MeCN, CH2Cl2, 
MeOH, CDCl3 or 
H2O (0.4 mL) 

2b: 0 1b: intact 

20 1b 0.10 NCS (1.5) 50/24 MeCN (0.4 mL) 2b: 17 1b: 51, 11b: 33 
21 1b 0.10 CuCl2 (0.1), 

NCS (1.5) 
50/24 MeCN (0.4 mL) 2b: 19 1b: 30, 11b: 33 

22 1b 0.10 CuCl2 (0.1), 
aq. NaOCl 
(70%) (1.5) 

50/24 MeCN (0.4 mL) 2b: 0 1b: 61, 11b: 23 

23 1b 0.10 CuCl2 (0.1), 
TCICA (1.5) 

50/24 MeCN (0.4 mL) 2b: 0 Complex mixture 

24 1a 0.10 CuCl2 (0.1), 
NCS (1.5) 

50/24 MeCN (0.4 mL) 2a: 19 1a: 30, 11a: 17 

25 1f 0.10 CuCl2 (0.1), 
NCS (1.5) 

50/24 MeCN (0.4 mL) 2f: 0 If intact  

2614 1b 0.10 NCS (1.0) rt/5 min BF3
.H2O (0.1 mL) 2b: 0  Complex mixture 

2715 
 

1b 0.10 NCS (1.0), 
ZrCl4 (0.05) 

rt/24 CH2Cl2  (0.8 mL) 2b: 0 1b intact  

2816 
 

1b 0.10 KCl (1.1),  
Oxone (1.1) 

rt/8 MeCN (0.5 mL) 2b: 0 Only 11b 
observed 

Bromination 
29 1b 0.50 CuBr2 (2.2)  

BHT (0.01) 
rt/2 MeCN (2 mL) 3b: 63 (54) 1b: 13 

3017 1b 0.10 NBS (1.0) rt/24 DMF or MeCN  
(1 mL)  

3b: 0 1b intact 

31 1b 0.10 NBS (1.5) 50/24 MeCN (0.4 mL) 3b: 0 1b intact  
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32 1b 0.10 CuBr2 (0.1), 
NBS (1.0) 

rt/29 MeCN (0.4 mL) 3b: 48 1b: 36 

33 1b 0.10 CuBr2 (0.1), 
NBS (1.5) 

50/24 MeCN (0.4 mL) 3b: 68 1b: 25 

34 1b 0.30 CuBr2 (0.1), 
NBS (1.5) 

50/24 MeCN (0.4 mL) 3b: (55)  

35 1a 0.30 CuBr2 (0.1), 
NBS (1.5) 

50/24 MeCN (0.4 mL) 3a: 49 (47) 1a: 29, 12a: 5 

36 1f 0.30 CuBr2 (0.1), 
NBS (1.5) 

50/24 MeCN (0.4 mL) 3f: 5 1f: 74  

3715 1b 0.10 NBS (1.0) 
ZrCl4 (0.05) 

rt/24 CH2Cl2 (0.8 mL) 3b: 0 1b intact  

3818 1b 0.10 HBr (1.1), 
DMSO (1.1) 

60/1 EtOAc (0.4 mL) 3b: 8 Complex mixture 

39 1b 0.10 Br2 (1.0) rt/2 MeCN (0.4 mL) 3b: 0 Complex mixture 
4019 
 

1b 0.50 Br2 (1.02) rt/4 (2h slow 
addition) 

DCE (0.14 mL) 3b: 21 Complex mixture 

4120 
 

1a 0.30 LiBr (1.0), 
CuBr2 (0.25), 
O2 

60/24 AcOH (1.0 mL) 3a: 11 1a: 82, 14a: 4 

2.3. General procedure for the halogenation of aryl-nitroso derivatives 1a-1m 

To a screw-cap vial equipped with a magnetic stirring bar were added 1 (0.30 mmol, 1.0 equiv), 
CuX2 (0.66 mmol, 2.2 equiv), MeCN (0.87 mL) and a solution of 4-(tert-butyl)-2,6-
dimethylphenol in MeCN (0.33 mL, 0.009 M, 1 mol %). The reaction mixture was stirred until 
crude 1H NMR showed no further conversion of 1 (normally after 2 hours) at room temperature 
(unless otherwise stated). For the chlorination of 1 a distinct color change from yellow/green to 
brown was usually observed. The crude product was purified by absorption on silica gel followed 
by column chromatography with indicated eluent system to obtain aryl-nitroso derivatives 2a-2m 
and 3a-3m. 

1-Chloro-4-nitrosobenzene (2a) 

2a: (scale: 0.50 mmol, eluent: pentane, white solid, 43% yield, 30.4 mg); NMR 
data are in accordance with literature11 values: 1H NMR (400 MHz, CDCl3): δ ppm 
7.85 (d, J = 8.7 Hz, 2H), 7.59 (d, J = 8.7 Hz, 2H); 13C NMR (100 MHz, CDCl3):  

δ ppm 163.85, 142.61, 129.80, 122.30; LRMS (EI): m/z 141.13 [M]+. 

4-Chloro-2-methyl-1-nitrosobenzene (2b)21 

2b: (scale: 0.50/11.0 mmol, eluent: pentane, white solid, 74% (0.50 mmol, 57.6 
mg) and 69% (11.0 mmol, 1.18 g) yield); 1H NMR (400 MHz, CDCl3): δ ppm 7.54 
(d, J = 2.0 Hz, 1H), 7.12 (dd, J = 8.7, 2.0 Hz, 1H), 6.23 (d, J = 8.7 Hz, 1H), 3.33 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ ppm 163.07, 144.14, 142.98, 132.74, 126.33, 108.98, 
17.20; HRMS (APCI): m/z calcd for C7H7ClNO [M+H]+, 156.0211 found 156.0216. 
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The regiochemistry of 2b was confirmed by 1D differential NOE experiments: 

 
4-Chloro-2-phenyl-1-nitrosobenzene (2c) 

2c: (reaction time: 4 h, eluent: petroleum ether:ethyl acetate 1:0 to 50:1, light 
brown solid, 60% yield, 39.2 mg); 1H NMR (400 MHz, CDCl3): δ ppm 7.80 (d,  
J = 2.2 Hz, 1H), 7.69-7.66 (m, 2H), 7.54-7.51 (m, 3H), 7.29 (dd, J = 8.7, 2.2 Hz, 

1H), 6.22 (d, J = 8.7 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ ppm 161.52, 147.65, 142.56, 
136.05, 132.15, 131.55, 129.07, 128.44, 127.62, 108.04; HRMS (ESI): m/z calcd for 
C12H8ClNNaO [M+Na]+ 240.0187, found 240.0186. 

4-Chloro-2-fluoro-1-nitrosobenzene (2d) 

2d: (reaction time: 5 h, eluent: pentane, 42% yield, 20.2 mg); 1H NMR (400 MHz, 
CDCl3): δ ppm 7.55 (dd, J = 9.7, 2.0 Hz, 1H), 7.13 (d, J = 8.7 Hz, 1H), 6.47 (dd,  
J = 8.5, 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ ppm 164.49 (d, JC–F =  

270.5 Hz), 153.29 (d, JC–F = 7.2 Hz), 144.22 (d, JC–F = 10.2 Hz), 124.59, (d, JC–F = 3.5 Hz), 
119.30 (d, JC–F = 22.5 Hz), 111.05; HRMS (APCI): m/z calcd for C6H4ClFNO [M+H]+ 159.9960, 
found 159.9963. 

2-Bromo-4-chloro-1-nitrosobenzene (2e) 

2e: (eluent: pentane, 37% yield, 24.5 mg); 1H NMR (400 MHz, CDCl3): δ ppm 
8.00 (d, J = 2.0 Hz, 1H), 7.26 (dd, J = 8.6, 2.0 Hz, 1H), 6.18 (d, J = 8.6 Hz, 1H); 
13C NMR (100 MHz, CDCl3): δ ppm 159.59, 143.27, 134.82, 133.81, 127.95, 

110.19; HRMS (APCI): m/z calcd for C6H4BrClNO [M+H]+ 219.9159, found 219.9165. 

4-Chloro-1-nitroso-2-(trifluoromethyl)benzene (2f) 

2f: (reaction temperature: 50 °C, reaction time: 7 h, eluent: pentane, blue liquid, 
49% yield, 30.8 mg); 1H NMR (400 MHz, CDCl3): δ ppm 8.04 (d, J = 2.1 Hz, 1H), 
7.56 (dd, J = 8.6, 2.1 Hz, 1H), 6.24 (d, J = 8.6 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ ppm 157.09, 142.34, 133.87 (q, JC–F = 33.9 Hz), 132.53, 127.66 (q, JC–F = 5.7 Hz), 
123.81 (q, JC–F = 275.3 Hz), 108.03; HRMS (APCI): m/z calcd for C7H4ClF3NO [M+H]+ 
209.9928, found 209.9929. 
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1-Chloro-2-methyl-4-nitrosobenzene (2h) 

2h: (eluent: pentane, yellow solid, 40% yield, 18.7 mg); NMR data are in 
accordance with literature22 values: 1H NMR (400 MHz, CDCl3): δ ppm 7.78 (d,  
J = 1.7 Hz, 1H), 7.66 (dd, J = 8.4, 2.0 Hz, 1H), 7.57 (d, J = 8.4 Hz, 1H), 2.52 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ ppm 164.30, 142.75, 137.83, 130.17, 123.51, 119.46, 
20.29; HRMS (APCI): m/z calcd for C7H7ClNO [M+H]+ 156.0211, found 156.0206. 

1-Chloro-2,5-dimethyl-4-nitrosobenzene (2i) 

2i: (eluent: pentane, pale yellow solid, 66% yield, 33.6 mg); 1H NMR (400 MHz, 
CDCl3): δ ppm 7.53 (s, 1H), 6.16 (s, 1H), 3.27 (s, 3H), 2.31 (s, 3H); 13C NMR (100 
MHz, CDCl3): δ ppm 163.24, 143.25, 141.13, 134.03, 133.08, 109.73, 19.70, 

16.66; HRMS (APCI): m/z calcd for C8H9ClNO [M+H]+ 170.0367, found 170.0360. 

1-Chloro-4,5-dimethyl-2-nitrosobenzene (2j) and 2-chloro-3,4-dimethyl-1-nitrosobenzene 
(2j’) 

2j and 2j’ (Compounds were not separable): (eluent: 
pentane:dichloromethane 100:1, green solid, 53% yield in total,  
27.0 mg, ratio 4:1); 1-chloro-4,5-dimethyl-2-nitrosobenzene (2j):  

1H NMR (400 MHz, CDCl3): δ ppm 7.53 (s, 1H), 6.08 (s, 1H), 2.32 (s, 3H), 2.21 (s, 3H);  
13C NMR (100 MHz, CDCl3): δ ppm 160.80, 147.78, 140.54, 135.65, 132.43, 109.64, 20.57, 
19.36. 2-chloro-3,4-dimethyl-1-nitrosobenzene (2j’): 1H NMR (400 MHz, CDCl3): δ ppm 6.99 
(d, J = 8.2 Hz, 1H), 6.02 (d, J = 8.2 Hz, 1H), 2.58 (s, 3H), 2.38 (s, 3H); 13C NMR (100 MHz, 
CDCl3): δ ppm 161.65, 147.27, 143.99, 137.56, 127.53, 105.70, 21.79, 16.23; 2j and 2j’: HRMS 
(APCI): m/z calcd for C8H9ClNO [M+H]+ 170.0367, found 170.0363. 

Methyl 3-chloro-4-nitrosobenzoate (2k) 

2k: (reaction temperature: 50 °C, reaction time: 24 h, eluent: pentane:diethyl 
ether 100:1, 26% yield, 15.7 mg); 1H NMR (400 MHz, CDCl3): δ ppm 8.47 (d,  
J = 1.6 Hz, 1H), 7.88 (dd, J = 8.4, 1.6 Hz, 1H), 6.21 (d, J = 8.4 Hz, 1H), 3.98 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ ppm 164.81, 159.60, 142.14, 136.57, 134.04, 128.22, 
108.65, 53.19; HRMS (APCI): m/z calcd for C8H7ClNO3 [M+H]+ 200.0109, found 200.0104. 

4-(tert-Butyl)-2-chloro-1-nitrosobenzene (2l) 

2l: (reaction time: 7 h, eluent: pentane:diethyl ether 100:1, green liquid, 50% yield, 
29.7 mg); 1H NMR (400 MHz, CDCl3): δ ppm 7.75 (d, J = 1.9 Hz, 1H), 7.24 (dd,  
J = 8.6, 1.9 Hz, 1H), 6.24 (d, J = 8.6 Hz, 1H), 1.36 (s, 9H); 13C NMR (100 MHz, 

CDCl3): δ ppm 161.58, 160.33, 142.99, 128.87, 123.92, 108.68, 35.91, 30.91; HRMS (ESI): m/z 
calcd for C10H12ClNNaO [M+Na]+ 220.0500, found 220.0505. 
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4-(Chloromethyl)-2-methyl-1-nitrosobenzene (2m) 

2m: (reaction time: 7 h, eluent: pentane:ethyl acetate 50:1, pale yellow solid. 57% 
yield, 29.0 mg); 1H NMR (400 MHz, CDCl3): δ ppm 7.57 (s, 1H), 7.18 (dd,  
J = 8.3, 1.5 Hz, 1H), 6.28 (d, J = 8.3 Hz, 1H), 4.57 (s, 2H), 3.36 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ ppm 164.06, 145.38, 142.93, 133.04, 126.03, 108.05, 45.18 (CH2), 17.40; 
HRMS (APCI): m/z calcd for C8H9ClNO [M+H]+ 170.0367, found 170.0363. 

The regiochemistry of 2m was confirmed by 1D differential NOE experiments: 

 

1-Bromo-4-nitrosobenzene (3a) 

3a: (eluent: pentane, white solid, 48% yield, 29.5 mg, with traces (ratio 1:0.07) of 
3e); NMR data are in accordance with literature11 values: 1H NMR (400 MHz, 
CDCl3): δ ppm 7.78 (s, 4H); 13C NMR (100 MHz, CDCl3): δ ppm 163.95, 132.83, 

131.82, 122.25; HRMS (APCI): m/z calcd for C6H5BrNO [M+H]+ 185.9549, found 185.9557. 

4-Bromo-2-methyl-1-nitrosobenzene (3b)23 

3b: (scale: 0.50/11.0 mmol, eluent: pentane, white solid, 54% (0.50 mmol, 53.9 
mg) and 57% (11.0 mmol, 1.25 g) yield); 1H NMR (400 MHz, CDCl3): δ ppm 7.75 
(d, J = 2.0 Hz, 1H); 7.31 (dd, J = 8.6, 2.0 Hz, 1H), 6.14 (d, J = 8.6 Hz, 1H), 3.34 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ ppm 163.21, 144.09, 135.83, 132.32, 129.34, 108.91, 
17.11; HRMS (ESI): m/z calcd for C7H7BrNO [M+H]+ 199.9706, found 199.9697. 

The regiochemistry of 3b was confirmed by 1D differential NOE experiments: 
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4-Bromo-2-phenyl-nitrosobenzene (3c) 

3c: (eluent: petroleum ether:ethyl acetate 50:1, white solid, 59% yield, 51.6 mg,  
with traces of its’ dimer (ratio 1:0.09) and 1c (ratio 1:0.16)); 1H NMR (400 MHz, 
CDCl3): δ ppm 7.99 (d, J = 2.0 Hz, 1H); 7.69-7.65 (m, 2H), 7.54-7.51 (m, 3H), 

7.47 (dd, J = 8.7, 2.0 Hz, 1H), 6.13 (d, J = 8.7 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ ppm 
161.50, 147.61, 135.77, 135.14, 131.69, 131.58, 130.56, 129.09, 128.42, 107.82; HRMS (ESI): 
m/z calcd for C12H8BrNNaO [M+Na]+ 283.9681, found 283.9672. 

4-Bromo-2-fluoro-1-nitrosobenzene (3d) 

3d: (eluent: pentane, 29% yield, 17.8 mg); 1H NMR (400 MHz, CDCl3): δ ppm 
7.74 (dd, J = 9.5, 1.8 Hz, 1H), 7.31 (d, J = 8.5 Hz, 1H), 6.37 (dd, J = 8.5, 7.5 Hz, 
1H); 13C NMR (100 MHz, CDCl3): δ ppm 164.18 (d, JC–F = 271.5 Hz), 153.40, 

132.84 (d, JC–F = 9.4 Hz), 127.53, (d, JC–F = 3.7 Hz), 122.28 (d, JC–F= 22.2 Hz), 110.97; HRMS 
(ESI): m/z calcd for C6H4BrFNO [M+H]+ 203.9455, found 203.9455. 

2,4-Dibromo-1-nitrosobenzene (3e) 

3e: (eluent: pentane, pale-green solid, 50% yield, 41.7 mg, with traces (ratio 1:0.04) 
of 2,4,6-tribromoaniline24); NMR data are in accordance with literature25 values:  
1H NMR (400 MHz, CDCl3): δ ppm 8.18 (d, J = 1.9 Hz, 1H), 7.43 (dd, J = 8.6,  

1.9 Hz, 1H), 6.09 (d, J = 8.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ ppm 159.67, 137.63, 
133.83, 132.27, 130.91, 110.15; LRMS (EI): m/z 262.90 [M]+. 

4-Bromo-1-nitroso-2-(trifluoromethyl)benzene (3f) 

3f: (eluent: pentane, blue liquid, 49% yield, 42.0 mg, with traces (ratio 1:0.10) of  
2,4-dibromo-6-(trifluoromethyl)aniline); 1H NMR (400 MHz, CDCl3): δ ppm 8.21 
(d, J = 1.9 Hz, 1H), 7.74 (dd, J = 8.6, 1.9 Hz, 1H), 6.14 (d, J = 8.6 Hz, 1H);  

13C NMR (100 MHz, CDCl3): δ ppm 157.48, 135.66, 133.65 (q, JC–F = 33.9 Hz), 131.11, 130.56 
(q, JC–F = 5.9 Hz), 123.76 (q, JC–F = 275.5 Hz), 108.05; HRMS (APCI): m/z calcd for 
C7H4BrF3NO [M+H]+ 253.9423, found 253.9415. 

4-Bromo-2-nitro-1-nitrosobenzene (3g) 

3g: (eluent: pentane, recrystallized from chloroform, yellow solid, 40% yield, 30.1 
mg, not separable from 1g (ratio 1:0.13)); 1H NMR data are in accordance with 
literature26 values: 1H NMR (400 MHz, CDCl3): δ ppm 8.24 (d, J = 1.9 Hz, 1H), 

7.81 (dd, J = 8.5, 1.9 Hz, 1H), 6.37 (d, J = 8.5 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ ppm 
153.19, 136.39, 130.49, 127.39, 111.45 (signal for C-2 was not observed). 
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1-Bromo-2-methyl-4-nitrosobenzene (3h)27 

3h: (eluent: pentane:ethyl acetate 50:1, yellow solid, 54% yield, 36.3 mg, with 
traces (ratio 1:0.07) of 2,4,6-tribromo-3-methylaniline28); 1H NMR (400 MHz, 
CDCl3): δ ppm 7.80-7.77 (m, 2H), 7.54 (dd, J = 8.4, 2.3 Hz, 1H), 2.55 (s, 3H);  

13C NMR (100 MHz, CDCl3): δ ppm 164.60, 139.77, 134.16, 133.52, 123.23, 119.08, 23.16; 
HRMS (ESI): m/z calcd for C14H11Br2N2O2 [2M-H]- 396.9193, found 396.9212. 

1-Bromo-2,5-dimethyl-4-nitrosobenzene (3i) 

3i: (reaction time: 1 h, eluent: pentane, white solid, 57% yield, 36.6 mg); 1H NMR  
(400 MHz, CDCl3): δ ppm 7.75 (s, 1H), 6.12 (s, 1H), 3.26 (s, 3H), 2.33 (s, 3H);  
13C NMR (100 MHz, CDCl3): δ ppm 163.49, 140.85, 136.47, 135.90, 134.71, 

109.18, 22.53, 16.51; HRMS (APCI): m/z calcd for C8H9BrNO [M+H]+ 213.9862, found 
213.9869. 

1-Bromo-4,5-dimethyl-2-nitrosobenzene (3j) and 2-bromo-3,4-dimethyl-1-nitrosobenzene 
(3j’) 

3j and 3j’: (reaction time: 5 min, 53% yield in total, ratio 3:1, as 
determined from crude 1H NMR with diiodomethane as an internal 
standard). The product decomposed upon attempted purification (SiO2). 

Thus, the identity of the products including the regiochemistry was determined by analysis of the 
products of the subsequent reduction (see 5j and 5j’, section 2.4). 

Methyl 3-bromo-4-nitrosobenzoate (3k) 

3k: (eluent: pentane:diethyl ether 100:1, 34% yield, 24.8 mg); 1H NMR (400 
MHz, CDCl3): δ ppm 8.66 (d, J = 1.6 Hz, 1H), 7.92 (dd, J = 8.3, 1.6 Hz, 1H), 
6.18 (d, J = 8.3 Hz, 1H), 3.98 (s, 3H); 13C NMR (100 MHz, CDCl3): δ ppm 

164.72, 160.09, 137.04, 136.53, 132.20, 128.97, 108.90, 53.20; HRMS (ESI): m/z calcd for 
C16H12Br2N2NaO6 [2M+Na]+ 508.8954, found 508.8967. 

2-Bromo-4-(tert-butyl)-1-nitrosobenzene (3l) 

3l: (eluent: pentane:diethyl ether, 110:1, green liquid, 52% yield, 42.1 mg, not 
separable from 2,6-dibromo-4-(tert-butyl)aniline29 (ratio 1:0.09)); 1H NMR (400 
MHz, CDCl3): δ ppm 7.95 (d, J = 1.9 Hz, 1H), 7.28 (dd, J = 8.5, 1.9, Hz, 1H), 6.22  

(d, J = 8.5 Hz, 1H), 1.36 (s, 9H); 13C NMR (100 MHz, CDCl3): δ ppm 161.52, 160.76, 133.88, 
131.98, 124.61, 108.98, 35.84, 30.95; HRMS (ESI): m/z calcd for C10H12BrNNaO [M+Na]+ 
263.9994, found 263.9995. 
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4-(Bromomethyl)-2-methyl-1-nitrosobenzene (3m) 

3m: (reaction time: 1 h, eluent: pentane:ethyl acetate 100:1, white solid, 43% 
yield, 27.6 mg); 1H NMR (400 MHz, CDCl3): δ ppm 7.57 (d, J = 1.7 Hz, 1H), 
7.17 (dd, J = 8.3, 1.7 Hz, 1H), 6.26 (d, J = 8.3 Hz, 1H), 4.45 (s, 2H), 3.34 (s, 3H);  

13C NMR (100 MHz, CDCl3): δ ppm 163.84, 145.90, 142.99, 133.62, 126.69, 108.10, 31.84 
(CH2), 17.39; HRMS (APCI): m/z calcd for C8H9BrNO [M+H]+ 213.9862, found 213.9862.  

The regiochemistry of 3m was confirmed by 1D differential NOE experiments: 

 

2.4. General procedure for the halogenation and subsequent reduction of aryl-nitroso 
derivatives 1b, 1f and 1j 

The reaction was performed as described in section 2.3 with the following changes: After the 
required stirring time (see section 2.3) NaBH4 (0.60 mmol, 2.0 equiv for 4b, 4f and 5j, or 0.30 
mmol, 1.0 equiv for 5b, and 5f) was added. The reaction mixture was stirred at room temperature 
for the specified reaction time (2-4 h) after which the reaction was quenched with dropwise 
addition of water. The mixture was diluted with CH2Cl2 and water, and the layers were 
subsequently separated. The aqueous phase was extracted twice with CH2Cl2 and the combined 
organic phases were dried (MgSO4) and concentrated in vacuo. The crude product was purified 
by column chromatography with the indicated eluent system to obtain aniline derivatives 4b, 4f, 
5b, 5f and 5j. 

4-Chloro-2-methylaniline (4b) 

4b: (scale: 0.50 mmol, reaction time second step: 2 h, eluent: petroleum ether:ethyl 
acetate 10:1, 57% yield, 40.4 mg); NMR data are in accordance with literature30 
values: 1H NMR (400 MHz, CDCl3): δ ppm 7.03 (d, J = 2.2 Hz, 1H), 6.99 (dd,  

J = 8.4, 2.2 Hz, 1H), 6.58 (d, J = 8.4 Hz, 1H), 3.55 (br, 2H), 2.14 (s, 3H); 13C NMR (100 MHz, 
CDCl3): δ ppm 143.24, 130.15, 126.77, 124.09, 123.08, 116.03, 17.42. 
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4-Chloro-2-(trifluoromethyl)aniline (4f) 

4f: (reaction time first step: 13 h, second step: 4 h, eluent: pentane:ethyl acetate 
10:1, brown solid, 14% yield, 8.2 mg); NMR data are in accordance with 
literature30 values: 1H NMR (400 MHz, CDCl3): δ ppm 7.40 (d, J = 2.5 Hz, 1H), 

7.24 (dd, J = 8.7, 2.5 Hz, 1H), 6.68 (d, J = 8.7 Hz, 1H) 4.17 (br, 2H); 13C NMR (100 MHz, 
CDCl3): δ ppm 143.21, 132.93, 126.51 (q, JC–F = 5.3 Hz), 124.26 (q, JC–F = 272.3 Hz), 122.51, 
118.59, 114.96 (q, JC–F =30.8 Hz). 

4-Bromo-2-methylaniline (5b) 

5b: (scale: 0.50 mmol, reaction time second step: 3 h, eluent: pentane:ethyl acetate 
10:1, brown solid, 66% yield, 61.4 mg); NMR data are in accordance with 
literature30 values: 1H NMR (400 MHz, CDCl3): δ ppm 7.16 (d, J = 1.9 Hz, 1H), 

7.12 (dd, J = 8.4, 1.9 Hz, 1H), 6.54 (d, J = 8.4 Hz, 1H), 3.58 (br, 2H), 2.13 (s, 3H); 13C NMR 
(100 MHz, CDCl3): δ ppm 143.74, 132.94, 129.67, 124.54, 116.45, 110.18, 17.32. 

4-Bromo-2-(trifluoromethyl)aniline (5f) 

5f: (reaction time second step: 2 h, eluent: petroleum ether:ethyl acetate 10:1, 
yellow solid, 65% yield, 46.8 mg); NMR data are in accordance with literature30 
values: 1H NMR (400 MHz, CDCl3): δ ppm 7.53 (d, J = 2.3 Hz, 1H), 7.37 (dd,  

J = 8.7, 2.3 Hz, 1H), 6.63 (d, J = 8.7 Hz, 1H), 4.16 (br, 2H); 13C NMR (100 MHz, CDCl3):  
δ ppm 143.62, 135.77, 129.35 (q, JC–F = 5.4 Hz), 124.15 (q, JC–F = 272.5 Hz), 118.92, 115.30 (q, 
JC–F = 30.7 Hz), 109.11. 

2-Bromo-4,5-dimethylaniline (5j) and 2-bromo-3,4-dimethylaniline (5j’) 

5j and 5j’ (compounds were not separable): (reaction time second step: 
1 h, eluent: pentane:ethyl acetate 20:1, 39% yield in total, ratio 6.3:1.0, 
23.3 mg); 2-bromo-4,5-dimethylaniline (5j): 1H NMR are in 

accordance with literature31 values: 1H NMR (400 MHz, CDCl3): δ ppm 7.17 (s, 1H), 6.59 (s, 
1H), 3.88 (br, 2H), 2.14 (s, 3H), 2.14 (s, 3H); 13C NMR (100 MHz, CDCl3): δ ppm; 141.80, 
136.94, 132.99, 128.07, 117.40, 106.27, 19.55, 18.61. 2-bromo-3,4-dimethylaniline (5j’):  
1H NMR (400 MHz, CDCl3): δ ppm 6.90 (d, J = 8.0 Hz, 1H), 6.57 (d, J = 8.0 Hz, 1H), 3.99 (br, 
2H), 2.35 (s, 3H), 2.24 (s, 3H); 13C NMR (100 MHz, CDCl3): δ ppm 142.39, 136.69, 129.09, 
127.33, 113.44, 112.91, 20.57, 20.04. 5j and 5j’: HRMS (ESI): m/z calcd for C8H11BrN [M+H]+ 
200.0069, found 200.0079. 
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2.5. General procedure for the halogenation and subsequent oxidation of aryl-nitroso 
derivatives 1b and 1f 

The reaction was performed as described in section 2.3 with the following changes: A round-
bottom flask was used. After the required stirring time (see section 2.3) Oxone 
(2KHSO5·KHSO4·K2SO4, 0.90 mmol, 3.0 equiv) in water (3.0 mL) was added and the resulting 
mixture was stirred at room temperature for 24 hours. The mixture was then diluted with CH2Cl2 
and water to dissolve all solids and the resulting phases were separated. The aqueous phase was 
extracted twice with CH2Cl2 and the combined organic phases were dried (MgSO4) and 
concentrated in vacuo. The crude product was purified by column chromatography with the 
indicated eluent system to obtain aryl-nitro derivatives 6b, 6f, 7b, and 7f. 

4-Chloro-2-methyl-1-nitrobenzene (6b) 

6b: (scale: 0.50 mmol, eluent: pentane:ethyl acetate 100:1, 48% yield, 41.2 mg);  
1H NMR data are in accordance with literature32 values: 1H NMR (400 MHz, 
CDCl3): δ ppm 7.95 (d, J = 8.6 Hz, 1H), 7.34-7.30 (m, 2H), 2.60 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ ppm 147.60, 139.36, 135.83, 132.72, 127.21, 126.34, 20.67. 

4-Chloro-1-nitro-2-(trifluoromethyl)benzene (6f) 

6f: (eluent: pentane:ethyl acetate 50:1, yellow liquid, 49% yield, 33.2 mg);  
13C NMR data are in accordance with literature33 values: 1H NMR (400 MHz, 
CDCl3): δ ppm 7.90 (d, J = 8.6 Hz, 1H), 7.82, (d, J = 2.2 Hz, 1H), 7.71, (dd,  

J = 8.6, 2.2 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ ppm 146.51, 139.47, 133.20, 128.53 (q,  
JC–F = 5.6 Hz), 126.82, 125.63 (q, JC–F = 35.0 Hz), 121.36 (q, JC–F = 274.3 Hz). 

4-Bromo-2-methyl-1-nitrobenzene (7b) 

7b: (scale: 0.50 mmol, eluent: pentane:ethyl acetate 10:1, 68% yield, 73.4 mg);  
1H NMR data are in accordance with literature34 values: 1H NMR (400 MHz, 
CDCl3): δ ppm 7.87 (d, J = 8.7 Hz, 1H), 7.52 (d, J = 1.7 Hz, 1H), 7.48 (dd, J = 8.7, 

2.1 Hz, 1H), 2.60 (s, 3H); 13C NMR (100 MHz, CDCl3): δ ppm 148.13, 135.88, 135.73, 130.26, 
127.92, 126.36, 20.59. 

4-Bromo-1-nitro-2-(trifluoromethyl)benzene (7f)35 

7f: (eluent: pentane:ethyl acetate 50:1, 40% yield, 32.4 mg); 1H NMR (400 MHz, 
CDCl3): δ ppm 7.98 (d, J = 2.0 Hz, 1H), 7.88 (dd, J = 8.6, 2.0 Hz, 1H), 7.80 (d,  
J = 8.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ ppm 147.03, 136.31, 131.38 (q, 

JC–F = 5.6 Hz), 127.42, 126.76, 125.51 (q, JC–F = 34.7 Hz), 121.24 (q, JC–F = 273.2 Hz); LRMS 
(EI): m/z 269.07 [M]+. 
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2.6. General procedure for the halogenation of aryl derivatives 8a-8c  

To a screw-cap vial equipped with a magnetic stirring bar were added 8 (0.30 mmol, 1.0 equiv), 
CuX2 (0.66 mmol, 2.2 equiv) and MeCN (1.20 mL). The reaction mixture was stirred for the 
specified reaction time at room temperature (unless otherwise stated) and the crude product was 
subsequently purified by absorption on silica gel followed by column chromatography with 
indicated eluent system to obtain aryl derivatives 9a, 9c and 10a-10c. 

4-Chlorophenol (9a) 

9a: (reaction temperature: 70 °C, reaction time: 6 days, eluent: petroleum 
ether:ethyl acetate 20:1, colorless liquid, 63% yield, 24.3 mg); NMR data are in 
accordance with literature36 values: 1H NMR (400 MHz, CDCl3): δ ppm 7.21-7.17 

(m, 2H), 6.79-6.75 (m, 2H), 4.74 (br s, 1H); 13C NMR (100 MHz, CDCl3): δ ppm 154.25, 
129.67, 125.83, 116.79. 

2-Chloro-1,3,5-trimethoxybenzene (9c) 

9c: (reaction temperature: 50 °C, reaction time: 24 h, eluent: petroleum 
ether:ethyl acetate 10:1, white solid, 78% yield, 47.4 mg); NMR data are in 
accordance with literature37 values: 1H NMR (400 MHz, CDCl3): δ ppm 6.16 (s, 
2H), 3.85 (s, 6H), 3.78 (s, 3H); 13C NMR (100 MHz, CDCl3): δ ppm 159.48, 

156.57, 102.63, 91.62, 56.33, 55.57. 

4-Bromophenol (10a) 

10a: (reaction time: 24 h, eluent: petroleum ether:ethyl acetate 20:1, pale yellow 
liquid, 84% yield, 43.6 mg); NMR data are in accordance with literature36 values: 
1H NMR (400 MHz, CDCl3): δ ppm 7.35-7.31 (m, 2H), 6.74-6.71 (m, 2H), 5.24 (s, 

1H); 13C NMR (100 MHz, CDCl3): δ ppm 154.54, 132.62, 117.33, 113.12. 

1-Bromo-4-methoxybenzene (10b) 

10b: (reaction time: 24 h, eluent: petroleum ether:ethyl acetate 100:1, 89% yield, 
50.0 mg); NMR data are in accordance with literature20 values: 1H NMR (400 
MHz, CDCl3): δ ppm 7.41-7.37 (m, 2H), 6.81-6.77 (m, 2H), 3.79 (s, 3H);  

13C NMR (100 MHz, CDCl3): δ ppm 158.83, 132.37, 115.87, 112.96, 55.58. 

2-Bromo-1,3,5-trimethoxybenzene (10c) 

10c: (2.0 equiv of CuBr2, reaction time: 45 min, eluent: petroleum ether:ethyl 
acetate 5:1, colorless liquid, 85% yield, 69.6 mg, with traces of 2,4-dibromo-
1,3,5-trimethoxybenzene (ratio 1:0.08)); NMR data are in accordance with 
literature20 values: 1H NMR (400 MHz, CDCl3): δ ppm 6.16 (s, 2H), 3.86 (s, 

6H), 3.80 (s, 3H); 13C NMR (100 MHz, CDCl3): δ ppm 160.57, 157.55, 92.07, 91.73, 56.45, 
55.62.  
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2.7. Procedure for the 1H NMR traces of the chlorination of 1b (Figure 1) 

To a screw-cap vial equipped with a magnetic stirring bar were added 1b (0.30 mmol, 1.0 equiv), 
CuCl2 (0.66 mmol, 2.2 equiv), MeCN-d3 (0.87 mL) and a solution of 4-(tert-butyl)-2,6-
dimethylphenol in MeCN-d3 (0.33 mL, 0.009 M, 1 mol %). To a 50 µL sample, at the time 
intervals shown below, were added 20 µL of a solution of the internal standard in MeCN-d3 
(diiodomethane, 0.62 M) and MeCN-d3 (0.30 mL). The samples were subsequently analyzed by 
1H NMR. 

 

Figure S-1: 1H NMR yields of 1b and 2b during the chlorination of 1b  

Figure S-2: 1H NMR spectra of the chlorination of 1b acquired at different times (*: 1b, +: 2b,  
#: diiodomethane) 
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Even though broad, undefined peaks were observed in the aromatic region, the formation of the 
o-chlorinated product 1o was excluded based on comparison with an authentic sample and HPLC 
traces (see section 2.8). We speculate that these signals arise from dimerized, polymerized or 
decomposed 1b and/or 2b or from complexation of 1b and/or 2b to copper species. Similar peaks 
were observed when a mixture of 1b and 2b in MeCN-d3 was treated with aqueous HCl. HCl is 
likely to be released during the course of the reaction and possibly causes 1b and/or 2b to 
dimerize, polymerize and/or decompose. For comparison 1H NMR spectra of: a mixture of 1b 
and 2b, a mixture of 1b and 2b with aqueous HCl, and the crude reaction in MeCN-d3 after 4 
hours of stirring are presented in Figure S-3. 

 

Figure S-3: 1H NMR spectra of the chlorination of 1b after 4 hours (1), a mixture containing 1b, 
2b (1:2 ratio) and aqueous HCl (1 equiv, 37%) (2), and a mixture containing 1b and 2b (1:2 ratio) 
(3) (#: diiodomethane) 
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2.8. Procedure for the HPLC traces of the chlorination of 1b 

To a screw-cap vial equipped with a magnetic stirring bar were added 1b (0.30 mmol, 1.0 equiv), 
CuCl2 (0.66 mmol, 2.2 equiv), MeCN (0.87 mL) and a solution of 4-(tert-butyl)-2,6-
dimethylphenol in MeCN (0.33 mL, 0.009 M, 1 mol %).  

After completion of the reaction (150 min), to a 20 µL sample, was added 400 µL of a solution of 
the internal standard in a n-hexane:2-propanol (95:5) solution (phenol, 0.017 M) and a n-
hexane:2-propanol (95:5) mixture (800 µL).  The sample was subsequently sonicated, filtered 
through a plug of cotton and analyzed by HPLC. (column: Chiralcel OB, eluent: iso-hexane:2-
propanol 95:5, flowrate: 0.50 mL/h, wavelength: 270 nm, temperature: 23 °C). Yields were 
determined with the aid of calibration curves. The formation of the o-chlorinated product 1o was 
excluded based on comparison with an authentic sample. 

 

HPLC traces of 1b: 
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HPLC traces of 2b: 

 
HPLC traces of 1o: 
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HPLC traces of Phenol (IS): 

 
HPLC traces of the reaction after 150 min: 2b: 62% yield, 1b: 13% yield. Yields were calculated 
with the aid of calibration curves. 

2b

1b
IS
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3. 1H and 13C NMR Spectra 
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