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1) General Information 

NMR spectra were recorded on Bruker DPX-200, AV-400 and AV-600 FT-NMR 

spectrometers. The chemical shift (δ) values are reported in parts per million (ppm), and the 

coupling constants (J) are given in Hz. The spectra were recorded using CDCl3 or DMSO-d6 as a 

solvent. 1H NMR chemical shifts are referenced to tetramethylsilane (TMS) (0 ppm). 13C NMR 

was referenced to CDCl3 (77.16 ppm). The abbreviations used are as follows: s, singlet; d, doublet; 

t, triplet; q, quartet; dd, doublet of doublets; ddd, doublet of doublet of doublets; dt, doublet of 

triplets; td, triplet of doublets; m, multiplet. Thin-layer chromatography (TLC) was performed on 

Merck (art. 5715) silica gel plates and visualized under UV light (254 nm), upon treatment with 

iodine vapor, or upon heating after treatment with 5% phosphomolybdic acid in ethanol. Flash 

column chromatography was performed with Merck (art. 9385) 40–63 μm silica gel 60. 

Anhydrous tetrahydrofuran (THF) was distilled from sodium-benzophenone prior to use. Methane 

sulfonyl chloride (MsCl) was distilled from phosphorus pentoxide under reduced pressure prior to 

use. Mass spectra and high-resolution mass spectra (HRMS) was measured using the ESI (FT-MS 

solariX) at Academia Sinica, Taipei. Melting points were determined on an EZ-Melt (Automated 

melting point apparatus). All products reported showed 1H NMR and 13C NMR spectra in 

agreement with the assigned structures. Reaction progress and product mixtures were routinely 

monitored by TLC using Merck TLC aluminum sheets (silica gel 60 F254). Column 

chromatography was carried out with 230–400 mesh silica gel 60 (Merck)/neutral alumina and a 

mixture of n-hexane/ethyl acetate, or dichloromethane/methanol as an eluent. All the starting 

material was commercially available or prepared by following the reported literature methods.1-13 
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2)  Studies on Parameters 

Table 1 Optimization of chlorination reaction conditions. 

 

Entry SnCl2 eq. SnX4
a HXa

 

Results (LC area%) 

p-Cl-BP 

2a 

P 

3a 

EtO-BP 

4a’ 

p-Br-BP 

4a 

SM 

1a 

1 5.0 - Cl (1N) 30 61 4 - - 

2 3.0 - Cl (1N) 51 31 12 - - 

3 - Cl Cl (2N) 6 2 1 - 88 

4 0.5 Cl Cl (2N) 17 2 2 - 76 

5 1.0 Cl Cl (2N) 36 6 9 - 45 

6 1.5 Cl Cl (2N) 54 8 12 - 20 

7 2.0 Cl Cl (2N) 63 13 15 - 3 

8 2.5 Cl Cl (2N) 65 15 15 - - 

9 3.0 Cl Cl (2N) 64 10 15 - - 

10 4.0 Br Cl (2N) 6 58 2 26 - 

11 3.0 Br Br (2.9N) 1 41 2 40 - 

a Reaction condition: 5 eq SnX4, 5 mL/mmol HX, 50 mL/mmol EtOH. 
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Table 2 Optimization of bromination reaction conditions. 

 

Entry SnBr2 eq. SnX4
a
 HXa

 

Results (LC area%) 

p-Cl-BP 

2a 

P 

3a 

EtO-BP 

4a’ 

p-Br-BP 

4a 

SM 

1a 

1 - Br Cl (2N) - 1 2 - 95 

2 0.5 Br Cl (2N) 1 7 3 14 73 

3 1.0 Br Cl (2N) 1 18 2 11 64 

4 1.5 Br Cl (2N) 2 32 3 17 42 

5 2.0 Br Cl (2N) 2 41 2 24 24 

6 2.5 Br Cl (2N) 3 46 2 30 10 

7 3.0 Br Cl (2N) 3 52 2 33 - 

8 3.5 Br Cl (2N) 3 52 2 34 - 

9 4.0 Br Br (2.9N) - 56 2 31 - 

10 0.5 Cl Br (2.9N) 2 7 2 4 85 

11 1.0 Cl Br (2.9N) 3 11 2 7 75 

12 1.5 Cl Br (2.9N) 4 19 2 13 60 

13 2.0 Cl Br (2.9N) 3 16 3 11 63 

14 2.5 Cl Br (2.9N) 6 33 3 19 35 

15 3.0 Cl Br (2.9N) 7 35 3 22 30 

16 3.5 Cl Br (2.9N) 7 32 4 23 29 

17 4.0 Cl Br (2.9N) 7 45 5 24 15 

 a Reaction condition: 5 eq SnX4, 5 mL/mmol HX, 50 mL/mmol EtOH. 
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Table 3 Attempt for fluorination reaction.a,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

a Reaction condition: 5 eq SnF4, 3 eq SnF2, 5 mL/mmol of 0.1N HF, 50 mL/mmol EtOH; b no 

any fluorination product was detected in these studies;  cuse conc. HCl to form 3N HCl reaction 

mixture. 

Entry 
SnCl2  

equiv. 

SnCl4
 

equiv. 
HCl 

Results (LC area%) 

p-Cl-BP 

2a 

P 

3a 

EtO-BP 

4a’ 

SM 

1a 

1 - - - - 4 4 92 

2 - - +3Nc 29 35 21 12 

3 - 5.0 - 17 30 17 34 

4 0.5  - 5 18 27 45 

5 1.5  - 11 29 48 - 

6 3.0  - 10 31 49 - 
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Table 4 Study of solvent effect for the para-substitution reactions.a,b 

 

S.No SnCl2 eq. Solvent 

Results (LC area% of products) 

p-Cl-BP 

2a 

P 

3a 

EtO-BP 

4a’ 

SM 

1a 

MeO-BP 

4a’’ 

i-PrO-BP 

4a’’’ 

1 

0.5 

EtOH 

5 18 27 45 - - 

1.0 16 23 34 16 - - 

1.5 11 29 48 - - - 

2.0 12 38 43 - - - 

2.5 9 29 49 - - - 

3.0 10 31 49 - - - 

2 

0.5 

i-PrOH 

- 3 - 90 - 3 

1.0 6 9 - 65 - 11 

1.5 13 18 - 46 - 18 

2.0 20 33 - - - 27 

3.0 20 33 - - - 27 

3 

1.0 

DMF 

1 5 - 60 - - 

2.0 6 10 - 23 - - 

3.0 6 18 - - - - 

4 

1.0 

t-BuOH 

5 5 - 88 - - 

2.0 21 27 - 23 - - 

3.0 35 54 - - - - 

5 

1.0 

MeOHc 

1 2 - 95 2 - 

2.0 21 12 - 42 23 - 

3.0 38 30 - 12 16  

6 

1.0 

Dioxane 

- 2 - 96 - - 

2.0 - 4 - 77 - - 

3.0 - 13 - 43 - - 

a Reaction condition: 5 eq SnF4, 5 mL/mmol of 0.1N HF, 50 mL/mmol solvent; b no any 

fluorination product was detected in these studies; c oil bath at 70oC. 
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Table 5 Study of solvent effect for para-chlorination reactions.a 

 
 

S.No SnCl2 eq. Solvent 

Results (LC area%) 

p-Cl-BP 

2a 

P 

3a 

EtO-BP 

4a’ 

SM 

1a 

MeO-BP 

6a 

1 

- 

EtOH 

6 2 1 88 - 

0.5 17 2 2 76 - 

1.0 36 6 9 45 - 

1.5 54 8 12 20 - 

2.0 63 13 15 3 - 

2.5 65 15 15  - 

2 

1.0 

t-BuOH 

37 9  48 - 

2.0 65 19  2 - 

3.0 63 22   - 

3 

1.0 

MeOHb 

35 3  58 2 

2.0 69 9  8 12 

3.0 75 14   9 

a Reaction condition: 5 eq SnCl4, 5 mL/mmol of 2N HCl, 50 mL/mmol solvent; b oil bath at 

70oC. 
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3) General Experimental Procedures, Spectral Characterization. 

3.1) General Experimental Procedures and Spectral Characterization of Starting Materials. 

General Procedure A: Synthesis of N,N-Dimethyl-2-(2-nitro-4-methylphenylthio)-5-

methoxybenzylamine (1a).1-12 

 

To a solution of 5-methoxy-2-(4-methyl-2-nitrophenylthio)-N,N-dimethylbenzamide1 (368 

mg, 1.06 mmol) in dry THF (32 mL) was added borane tetrahydrofuran complex solution (1 M in 

THF, 5.3 mL, 5.31 mmol) at 0oC. The mixture was stirred at reflux temperature under N2 for 1.5 

h and then cooled to rt. The conc. HCl (2.8 mL) was added to the mixture, stirred at rt under N2 

for 10 min and evaporated to afford a yellow oil. Water (31 mL) was added to the yellow oil and 

the solution was stirred at reflux temperature under N2 for 30 min. The solution was adjusted to 

pH = 10-11 by sat. Na2CO3 and extracted with CH2Cl2 (30 mL × 3). The combined organic extracts 

were washed with brine, dried (MgSO4), filtered, and evaporated. The crude product was 

chromatographed (silica gel, 1-2% MeOH in CH2Cl2) to afford a yellow oil 1a (259 mg, 74%). 1H 

NMR (400 MHz, CDCl3) δ 2.19 (s, 6H, -N(CH3)2), 2.35 (s, 3H, 4’-CH3), 3.49 (s, 2H, 1-

CH2N(CH3)2), 3.88 (s, 3H, 5-OCH3), 6.54 (d, J = 8.3 Hz, 1H, H-4), 6.88 (dd, J = 2.9, 8.5 Hz, 1H, 

H-5’), 7.11 (dd, J = 1.6, 8.3 Hz, 1H, H-3), 7.27 (s, 1H, H-6), 7.47 (d, J = 8.5 Hz, 1H, H-6’), 8.06 

(s, 1H, H-3’); 13C NMR (100 MHz, CDCl3) δ 20.4 (4-CH3), 45.5 (-N(CH3)2), 55.5 (5-OCH3), 61.1 

(1-CH2N(CH3)2), 114.3 (C-4), 115.3 (C-6), 120.6 (C-1’), 126.0 (C-3’), 127.5 (C-3), 134.5 (C-6’), 

134.9 (C-2), 136.7 (C-4’), 138.8 (C-5’), 144.5 (C-1), 145.8 (C-2’), 161.5 (C-5).  
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General Procedures B: Synthesis of (4-methoxyphenyl)(4-methyl-2-nitrophenyl)sulfane 

(1b)1 

 

 

 

 

A mixture of 1-bromo-4-methyl-2-nitrobenzene (216 mg, 1.00 mmol), 4-

methoxybenzenethiol (113 mL, 1.10 mmol), and NaOH (80 mg, 2.00 mmol) in 

dimethylformamide (5.0 mL) was flushed with N2, and stirred at 80oC for 2 h. The reaction mixture 

was extracted with water (50 mL) and ethyl acetate (5 mL × 3). The combined organic extracts 

were washed with brine, dried (MgSO4), filtered, and evaporated. The crude product was purified 

with flash column chromatography (silica gel, 20% CH2Cl2 in hexanes (500 mL)) to afford 1b 269 

mg (98%) as a yellow solid. 1H NMR (400 MHz, CDCl3) δ 8.03 (s, 1H), 7.48 (d, J = 8.5 Hz, 2H), 

7.14 (dd, J = 8.3, 1.7 Hz, 1H), 6.99 (d, J = 8.6 Hz, 2H), 6.71 (d, J = 8.3 Hz, 1H), 3.87 (s, 3H), 2.35 

(s, 3H); 13C NMR (151 MHz, CDCl3) δ 161.31, 144.81, 137.87, 137.39, 135.36, 134.79, 128.13, 

126.03, 121.87, 115.84, 55.69, 20.63. 

 

Synthesis of (2-Nitrophenyl)(phenyl)sulfane (4-methyl-2-nitrophenyl)(phenyl)sulfane (1c)1 

Compound 1c was synthesized using 1-bromo-2-nitrobenzene (202 mg, 

1.00 mmol), following general procedure B as a yellow color solid with71%) 

yield. 1H NMR (400 MHz, CDCl3) δ 6.86 (d, J = 8.2 Hz, 1H), 7.21 (td, J = 

7.3, 0.8 Hz, 1H), 7.34 (td, J = 7.7, 1.1 Hz, 1H), 7.46-7.52 (m, 3H), 7.56-7.60 (m, 2H), 8.23 (dd, J 

= 8.2, 0.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 125.0, 125.8, 128.4, 130.1, 130.2 (2C), 131.0, 

133.5, 135.9 (2C), 139.5, 144.9. 

 

Synthesis of (4-Methyl-2-nitrophenyl)(phenyl)sulfane (1d)1 

Compound 1d was synthesized using 1-bromo-4-methyl-2-nitrobenzene 

(216 mg, 1.00 mmol) following general procedure B as a yellow solid with 

81% yield. 1H NMR (400 MHz, CDCl3) δ 2.34 (s, 3H), 6.76 (d, J = 8.3 Hz, 

1H), 7.15 (dd, J = 8.4, 1.5 Hz, 1H), 7.44-7.48 (m, 3H), 7.55-7.57 (m, 2H), 

8.03 (d, J = 1.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 20.5, 125.8, 128.5, 129.9, 130.1 (2C), 

131.5, 134.7, 135.6, 135.7 (2C), 135.8, 145.1. 
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Synthesis of (4-Fluoro-2-nitrophenyl)(phenyl)sulfane (1e) and N,N-Dimethyl-3-nitro-4-

(phenylthio)aniline (1h)2  

Compound 1e & 1h were synthesized using 1-

bromo-4-fluoro-2-nitrobenzene (220 mg, 1.00 

mmol) following general procedure B as yellow 

solid and orange solid with 12% and 71% (the 

source of N(CH3)2) is DMF) yield, respectively. 1e: 1H NMR (400 MHz, CDCl3) δ 2.98 (s, 6H), 

6.75 (dd, J = 9.0, 2.9, 1H), 6.91 (d, J = 9.0 Hz, 1H), 7.34-7.40 (m, 4H), 7.43-7.46 (m, 2H); 13C 

NMR (100 MHz, CDCl3) δ 40.4 (2C), 107.4, 117.7, 120.6, 128.5, 129.6 (2C), 131.9, 133.6 (2C), 

134.2, 148.6, 148.9; HRMS (ESI) calcd for C14H14N2NaO2S [M+Na]+, 297.0668; found, 297.0673. 

1h: 1H NMR (400 MHz, CDCl3) δ 6.85 (dd, J = 9.0, 5.2 Hz, 1H), 7.11 (td, J = 8.1, 2.8 Hz, 1H), 

7.47-7.50 (m, 3H), 7.56-7.58 (m, 2H), 7.94 (dd, J = 8.3, 2.7 Hz, 1H); 13C NMR (100 MHz, CDCl3) 

δ 112.8 (d, J = 27 Hz), 121.5 (d, J = 21 Hz), 130.1 (d, J = 8 Hz), 130.3, 130.3 (2C), 130.9, 135.0 

(d, J = 3 Hz), 135.9 (2C), 145.2 (d, J = 9 Hz) 159.5 (d, J = 248 Hz). 

 

Synthesis of (4-Methoxy-2-nitrophenyl)(phenyl)sulfane (1f)8 

 

Compound 1f was synthesized using 1-bromo-4-methoxy-2-

nitrobenzene (232 mg, 1.00 mmol) following general procedure B as 

a yellow solid with 81% yield. 1H NMR (400 MHz, CDCl3) δ 3.83 (s, 

3H), 6.82 (d, J = 9.0 Hz, 1H), 6.96 (dd, J = 9.0, 2.7 Hz, 1H), 7.44 (d, 

J = 2.3 Hz, 3H), 7.53 (t, J = 3.6 Hz, 2H), 7.68 (d, J = 2.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 

65.0, 109.1, 121.7, 129.6, 129.6, 130.0 (2C), 130.2, 132.1, 135.3 (2C), 146.1, 157.4 

 

Synthesis of (2-Nitro-4-(trifluoromethyl)phenyl)(phenyl)sulfane (1g)9 

 

Compound 1g was synthesized using 1-bromo-2-nitro-4-

(trifluoromethyl)benzene (270 mg, 1.00 mmol) following general 

procedure B as a yellow solid with 89% yield. 1H NMR (400 MHz, CDCl3) 

6.96 (d, J = 8.6 Hz, 1H), 7.53-7.61 (m, 6H), 8.50 (s, 1H); 13C NMR (100 

MHz, CDCl3) δ 123.0 (q, J = 271 Hz),123.3 (q, J = 4 Hz), 127.2 (q, J = 34 Hz), 129.0, 129.6 (q, J 

= 3 Hz), 129.8, 130.6 (2C), 130.8, 136.1 (2C), 144.3, 144.8. 
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Synthesis of (2-Methyl-6-nitrophenyl)(phenyl)sulfane (1i)10 

 

Compound 1i was synthesized using 2-bromo-1-methyl-3-nitrobenzene 

(216mg, 1.00 mmol) following general procedure B as a yellow solid with 

84% yield. 1H NMR (400 MHz, CDCl3) δ 2.36 (s, 3H), 7.07-7.09 (m, 2H), 

7.14-7.17 (m, 1H), 7.20-7.25 (m, 2H), 7.38-7.46 (m, 2H), 7.54 (dd, J =7.4, 

0.9 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 21.6, 121.2, 125.5, 126.5, 128.2 (2C), 129.3 (2C), 

129.7, 133.8, 135.5, 145.6, 155.7. 

 

 

Synthesis of (2-Methoxy-6-nitrophenyl)(phenyl)sulfane (1j) 

 

Compound 1j was synthesized using 2-bromo-1-methoxy-3-nitrobenzene 

(464 mg, 2.00 mmol) following general procedure B as a yellow solid with 

81% yield. 1H NMR (400 MHz, CDCl3) δ 3.72 (s, 3H), 7.06 (dd, J = 8.2, 0.7 

Hz, 1H), 7.16-7.21 (m, 5H), 7.33 (dd, J = 8.0, 1.0 Hz, 1H), 8.44 (d, J = 8.1 Hz, 

1H); 13C NMR (100 MHz, CDCl3) δ 56.7, 114.7, 115.6, 116.6, 126.7, 128.9 (2C), 129.7 (2C), 

130.4, 135.5, 155.1, 160.5; HRMS (ESI) calcd for C13H11NaNO3S [M+Na]+, 284.0352; found, 

284.0375. 

 

Synthesis of 3-Nitro-2-(phenylthio)benzoic acid (1k)13 

 

 
A mixture of 2-bromo-3-nitrobenzoic acid (403.2 mg, 2.00 mmol), benzenethiol (225.2 mL,  2.20 

mmol), and KOH (316.8 mg, 4.40 mmol) in water (10.0 mL) was flushed with N2, and stirred at 

80oC for 1 h. The reaction mixture was extracted with water (40 mL) and CH2Cl2 (10 mL × 3). 

The combined organic extracts were washed with brine, dried (MgSO4), filtered, and evaporated. 

The crude product was purified with flash column chromatography (silica gel, 4% MeOH in 

CH2Cl2) to afford 1k (253.2 mg, 46%) as a brown solid. 1H NMR (400 MHz, CDCl3) δ7.19-7.25 

(m, 5H), 7.47 (t, J = 7.9 Hz, 1H), 7.88-7.91 (m, 2H), 8.47 (bs, 1H); 13C NMR (100 MHz, CDCl3) 

δ 127.4, 128.1, 128.2, 129.4 (2C), 131.6 (2C), 132.3, 133.8, 134.6, 136.5, 153.4, 170.9. 
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Synthesis of (2-Nitrophenyl)(propyl)sulfane (1l)4 

 

Compound 1l was synthesized using 1-bromo-2-nitrobenzene (202 mg, 1.00 

mmol) following the general procedure B as a yellow solid with 74% yield. 

1H NMR (400 MHz, CDCl3) δ 1.10 (t, J = 7.4 Hz, 3H), 1.77 (q, J = 7.4 Hz, 

2H), 2.95 (t, J = 7.4 Hz, 2H), 7.22-7.27 (m, 1H), 7.41 (d, J = 8.0 Hz, 1H), 

7.53-7.57 (m, 1H), 8.19 (dd, J = 8.3, 1.3 Hz, 1H) ; 13C NMR (100 MHz, CDCl3) δ 13.7, 21.4, 34.3, 

124.3, 126.1, 126.7, 133.5, 138.2, 146.1. 

 

Synthesis of (4-Methyl-2-nitrophenyl)(propyl)sulfane (1m)3 

 

Compound 1m was synthesized using 1-bromo-4-methyl-2-nitrobenzene 

(216 mg, 1.00 mmol) following general procedure B as a yellow solid 

with 82% yield. 1H NMR (400 MHz, CDCl3) δ 1.09 (t,  J = 7.3 Hz, 3H), 

1.71-1.80 (m, 2H), 2.39 (s, 3H), 2.92 (t, J = 7.3 Hz, 2H), 7.29 (d, J = 8.3 Hz, 1H), 7.36 (dd, J = 

8.4, 1.7 Hz, 1H), 8.00 (d, J = 0.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 13.8, 20.5, 21.6, 34.5, 

126.3, 126.8, 134.5, 134.6, 134.9, 146.3. 

 

 

Synthesis of (4-Fluoro-2-nitrophenyl)(propyl)sulfane (1n)5 

 

Compound 1n was synthesized using 1-bromo-4-fluoro-2-nitrobenzene 

(220 mg, 1.00 mmol) following general procedure B as a yellow solid with 

51% yield. 1H NMR (400 MHz, CDCl3) δ 1.10 (t, J = 7.3 Hz, 3H), 1.77 (q, 

J =7.4 Hz, 2H), 2.94 (t, J = 7.3 Hz, 2H), 7.41 (td, J = 7.2, 2.6 Hz, 1H), 7.38-7.42 (m, 1H), 7.92 

(dd, J = 8.4, 2.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 13.8, 21.5, 34.8, 113.3 (d, J = 26 Hz), 

121.4 (d, J = 22 Hz), 128.5 (d, J = 7 Hz), 133.5 (d, J = 3 Hz), 146.6 (d, J = 8 Hz), 159.2 (d, J = 

247 Hz). 

 

Synthesis of (3-Nitrophenyl)(phenyl)sulfane (1o)12 

Compound 1o was synthesized using 1-bromo-3-nitrobenzene (202 mg, 1.00 

mmol) following general procedure B as a yellow solid with 52% yield. 1H 

NMR (400 MHz, CDCl3) δ 7.38-7.42 (m, 4H), 7.46-7.50 (m, 3H), 7.98 (dt, 

J = 8.0, 1.0 Hz 1H), 8.02 (t, J = 1.7 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 121.0, 123.2, 129.0, 

129.8, 129.9 (2C), 132.2, 133.5 (2C), 133.3, 140.6, 148.7. 
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Synthesis of (3-Nitro-5-(trifluoromethyl)phenyl)(phenyl)sulfane (1p)11 

 

Compound 1p was synthesized using 1-bromo-3-nitro-5-

(trifluoromethyl)benzene (270 mg, 1.00 mmol) following general 

procedure B as a yellow solid with 67% yield. 1H NMR (400 MHz, 

CDCl3) δ 7.46-7.48 (m, 3H), 7.51-7.55 (m, 2H), 7.67 (s, 1H), 8.07 (s, 1H), 8.20 (s, 1H); 13C NMR 

(100 MHz, CDCl3) δ 117.6 (q, J = 4 Hz), 122.7 (q, J = 272 Hz), 124.9, 129.3 (q, J = 4 Hz), 130.2, 

130.4 (2C), 132.4 (q, J = 4 Hz), 134.5 (2C), 144.8, 148.9. 

 

Synthesis of 1-Nitro-2-phenoxybenzene (1q) 

 

Compound 1q was synthesized using 1-bromo-2-nitrobenzene (202 mg, 1.00 

mmol) following general procedure B as a yellow solid with 74% of  yield. 1H 

NMR (400 MHz, CDCl3) δ 7.00 (dd, J = 8.4, 0.8 Hz, 1H), 7.03 (d, J = 3.3 Hz, 

2H) 7.16-7.25 (m, 2H), 7.36-7.40 (m, 2H), 7.47-7.51 (m, 1H), 7.94 (dd, J = 8.1, 

1.7 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 119.3 (2C), 120.5, 123.2, 124.6, 125.7, 130.1 (2C), 

134.3, 141.3, 150.7, 155.8 

 

Synthesis of 4-Methyl-2-nitro-1-phenoxybenzene (1r)6 

 

Compound 1r was synthesized using 1-bromo-4-methyl-2-nitrobenzene 

(216 mg, 1.00 mmol) following general procedure B as a dark red solid 

with 65% yield. 1H NMR (400 MHz, CDCl3) δ 2.40 (s, 3H), 6.94 (d, J = 

8.4 Hz, 1H), 6.99-7.02 (m, 2H), 7.12-7.16 (m, 1H), 7.30-7.36 (m, 3H), 7.75 (d, J = 1.7 Hz, 1H); 

13C NMR (100 MHz, CDCl3) δ 20.5, 118.7 (2C), 121.2, 124.2, 125.8, 130.0 (2C), 133.8, 135.0, 

141.3, 148.2, 156.5 

 

 

Synthesis of 4-Fluoro-2-nitro-1-phenoxybenzene (1s)7 

Compound 1s was synthesized using 1-bromo-4-fluoro-2-nitrobenzene 

(220 mg, 1.00 mmol) following general procedure B as a yellow solid 

with 47% yield. 1H NMR (400 MHz, CDCl3) δ 7.00-7.06 (m, 3H), 7.17 

(t, J = 7.4 Hz, 1H) 7.23-7.28 (m, 1H), 7.34-7.41 (m, 2H), 7.69 (dd, J = 

7.7, 3.1 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 112.9, 118.7 (2C), 121.5 (d, J = 23 Hz), 122.7, 

124.6, 130.2 (2C), 141.4 (d, J = 9 Hz) 146.9, 156.0, 158.3 
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Synthesis of (2-Nitrophenyl)(phenyl)selane (1t)1 

 

 
A mixture of 1-bromo-2-nitrobenzene (202 mg, 1.00 mmol), 1,2-diphenyldiselane (156 mg, 0.5 

mmol), and t-BuOK (280 mg, 2.50 mmol) in DMSO (1.0 mL) was flushed with N2, and stirred at 

80oC for 2.5 h. The reaction mixture was extracted with water (50 mL) and ethyl acetate (5 mL × 

3). The combined organic extracts were washed with brine, dried (MgSO4), filtered, and 

evaporated. The crude product was purified with flash column chromatography (silica gel, 20% 

CH2Cl2 in hexanes (500 mL)) to afford 1t (149 mg, 0.61 mmol, 61%) as a dark solid. 1H NMR 

(400 MHz, CDCl3) δ 6.99 (d, J = 7.6 Hz, 1H), 7.26-7.33 (m, 2H), 7.45-7.52 (m, 3H), 7.70-7.72 (m, 

2H), 8.32-8.34 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 125.9, 126.1, 128.2, 130.0, 130.2 (2C), 

130.3, 133.8, 136.0, 137.5 (2C), 145.6. 
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General Procedure C: Synthesis of 1-(5-(2-Fluoroethoxy)-2-(4-methyl-2-nitrophenyl thio)-

phenyl)-N,N-dimethylmethanamine (2a).  

 

To a solution of compound 1a (109 mg, 0.33 mmol) in ethanol (16.5 mL) and 2N HCl (1.7 mL) 

was added SnCl4 (0.19 mL, 1.64 mmol) at rt. The reaction mixture was stirred at reflux temperature 

under N2 for 0.5 h and SnCl2 (31 mg, 0.16 mmol) was added every 0.5 h for six times at the same 

temperature. After 2 h, reaction completion was confirmed by TLC. Then, the mixture was 

evaporated and quenched with water (10 mL). The crude mixture was basified with 10% NaOH to 

pH > 12, extracted with CH2Cl2 (25 mL × 3), washed with brine, dried over MgSO4 and evaporated. 

The crude product was chromatographed (silica gel, 2-3% MeOH (with 10% NH4OH) in CH2Cl2) 

to afford a white oil 2a (48.6 mg, 52%), 3a (5.1 mg, 5%) and 4a’ (8 mg, 6%). 2a: 1H NMR (400 

MHz, CDCl3)  2.28 (s, 3H), 2.29 (s, 6H), 3.53 (s, 2H), 3.77 (s, 3H), 6.56 (s, 1H), 6.69 (dd, J = 

2.7, 8.6 Hz, 1H), 6.84 (d, J = 2.4 Hz, 1H), 6.97 (d, J = 8.6 Hz, 1H), 7.37 (s, 1H); 13C NMR (100 

MHz, CDCl3)  20.0, 45.2, 55.3, 62.5, 113.6, 115.7, 116.1, 117.1, 122.4, 126.7, 130.9, 135.8, 137.9, 

139.1, 147.0, 158.1; ESIHRMS calcd. for C17H21ClN2NaOS [M+Na]+, 359.0961; found, 359.0957. 

3a: 1H NMR (400 MHz, CDCl3)  2.26 (s, 3H), 2.30 (s, 6H), 3.55 (s, 2H), 3.75 (s, 3H), 6.52 (d, J 

= 6.0 Hz, 1H), 6.53 (s, 1H), 6.65 (dd, J = 2.8, 8.6 Hz, 1H), 6.85 (d, J = 2.8 Hz, 1H), 6.89 (d, J = 

8.6 Hz, 1H), 7.30 (d, J = 8.2 Hz, 1H); 13C NMR (100 MHz, CDCl3)  21.3, 45.2, 55.3, 62.2, 113.4, 

113.5, 115.79, 115.82, 119.3, 127.7, 129.9, 136.6, 138.5, 140.6, 148.3, 157.8; ESIHRMS calcd for 

C17H23N2OS [M+H]+ and [M+Na]+, 303.1531 and 325.1351; found, 303.1512 and 325.1355. 4a’: 

1H NMR (400 MHz, CDCl3)  1.36 (t, J = 7.0 Hz, 3H), 2.18 (s, 3H), 2.30 (s, 6H), 3.54 (s, 2H), 

3.76 (s, 3H), 3.92 (q, J = 7.0 Hz, 2H), 6.58 (s, 1H), 6.66 (dd, J = 4.3, 13.0 Hz, 1H), 6.86 (d, J = 

12.6 Hz, 1H), 6.86 (s, 1H), 6.91 (s, 1H); 13C NMR (100 MHz, CDCl3) 15.0, 16.2, 45.3, 55.3, 

62.3, 64.4, 113.47, 113.54, 115.8, 118.2, 119.6, 127.7, 129.4, 130.2, 138.4, 142.1, 149.9, 157.8; 

ESIHRMS calcd for C19H27N2O2S [M+H]+ and C19H26N2NaO2S [M+Na]+, 347.1793 and 369.1613; 

found, 347.1807 and 369.1623. 
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Synthesis of 4-Chloro-2-((4-methoxyphenyl)thio)-5-methylaniline (2b) and 2-((4-

Methoxyphenyl)thio)-5-methylaniline (3b) 

 Compound 2b & 3b were synthesized using (4-

methoxyphenyl)(4-methyl-2-nitrophenyl)sulfane 

(1b) following general procedure C for 2 h as white 

color solid 2w and yellow color solid 3w with 54% and 24%  yield, respectively. 2b: mp = 74-

76oC; 1H NMR (600 MHz, CDCl3) δ 7.36 (s, 1H), 7.17 – 7.12 (m, 2H), 6.83 – 6.78 (m, 2H), 6.65 

(s, 1H), 3.76 (s, 3H), 2.28 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 158.60, 146.12, 138.28, 135.59, 

130.03, 126.28, 123.45, 117.59, 115.96, 114.90, 55.37, 20.03; ESIHRMS calcd for C19H27N2O2S 

[M+H]+ and C19H26N2NaO2S [M+Na]+, 347.1793 and 369.1613. 3b: mp = 48-50oC. 1H NMR (600 

MHz, CDCl3) δ 7.30 (d, J = 7.7 Hz, 1H), 7.09 (d, J = 8.8 Hz, 2H), 6.77 (d, J = 8.8 Hz, 2H), 6.56 

(d, J = 12.0 Hz, 1H), 6.55 (d, J = 7.7 Hz, 1H), 3.74 (s, 3H), 2.26 (s, 3H); 13C NMR (151 MHz, 

CDCl3) δ 158.23, 148.28, 141.09, 136.77, 129.15, 127.66, 119.97, 116.11, 114.85, 113.23, 55.44, 

21.50; ESIHRMS calcd. for C19H27N2O2S [M+H]+ and C19H26N2NaO2S [M+Na]+, 347.1793 and 

369.1613; found, 347.1807 and 369.1623. 

 

Synthesis of 4-Chloro-2-(phenylthio)aniline (2c)14 and 2-(Phenylthio)aniline (3c). 

Compounds 2c & 3c were synthesized using (2-

nitrophenyl)(phenyl)sulfane (1c) following general procedure C 

for 2 h to afford 2c & 3c as brown oils. 2c: 1H NMR (600 MHz, 

CDCl3) δ 7.43 (d, J = 2.4 Hz, 1H), 7.26-7.23 (m, 2H), 7.19-7.13 (m, 2H), 7.13-7.08 (m, 2H), 6.71 

(d, J = 8.6 Hz, 1H), 4.28 (s, 2H); 13C NMR (150 MHz, CDCl3) δ 147.38, 136.25, 135.88, 131.03, 

129.30, 127.15, 126.10, 122.70, 116.41, 116.28. 3c: 1H NMR (600 MHz, CDCl3) δ 7.45 (dd, J = 

7.7, 1.3 Hz, 1H), 7.29-7.18 (m, 3H), 7.15-7.03 (m, 3H), 6.81-6.73 (m, 2H), 4.28 (s, 2H); 13C NMR 

(150 MHz, CDCl3) δ 148.97, 137.61, 136.96, 131.27, 129.14, 126.62, 125.56, 118.89, 115.50, 

114.53.  
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Synthesis of 4-Chloro-5-methyl-2-(phenylthio)aniline (2d) and 5-Methyl-2-(phenylthio) 

aniline (3d). 

Compounds 2d & 3d were synthesized using (4-methyl-2-

nitrophenyl)(phenyl)sulfane (1d) following general procedure 

C for 2 h to afford 2d as a green semi-solid and 3d as a brown 

oil. 2d: 1H NMR (600 MHz, CDCl3) δ 7.43 (s, 1H), 7.24 -7.20 

(m, 2H), 7.15 – 7.07 (m, 3H), 6.66 (s, 1H), 4.20 (s, 2H), 2.31 (s, 3H); 13C NMR (150 MHz, CDCl3) 

δ 147.51, 139.25, 136.84, 136.47, 129.21, 126.70, 125.80, 123.23, 117.45, 113.20, 20.25; 

ESIHRMS calcd. for C13H13ClNS [M+H]+, 250.0457; found, 250.0457. 3d: 1H NMR (600 MHz, 

CDCl3) δ 7.34 (d, J = 7.8 Hz, 1H), 7.21 (t, J = 7.7 Hz, 2H), 7.10 (dd, J = 7.8, 3.0 Hz, 1H), 7.07 

(dd, J = 5.7, 4.7 Hz, 2H), 6.62 (s, 1H), 6.59 (dd, J = 7.6, 1.7 Hz, 1H), 4.22 (s, 2H), 2.30 (s, 3H); 

13C NMR (150 MHz, CDCl3) δ 148.91, 141.76, 137.61, 129.08, 126.29, 125.34, 120.08, 116.66, 

116.11, 111.15, 21.60. 

 

Synthesis of 4-Chloro-5-fluoro-2-(phenylthio)aniline (2e) and 5-Fluoro-2-

(phenylthio)aniline (3e) 

Compound 2e & 3e were synthesized using (4-fluoro-2-

nitrophenyl)(phenyl)sulfane (1e) following general procedure C 

for 1 h as brown color solid 2e and pale-yellow solid 3e with 20% 

and 67%  yield, respectively. 2e:  mp = 95-90oC; 1H NMR (600 MHz, CDCl3) δ 7.50 (d, J = 8.0 

Hz, 1H), 7.24 (t, J = 7.2 Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H), 7.08 (d, J = 7.6 Hz, 2H), 6.57 (d, J = 

10.6 Hz, 1H), 4.42 (s, 2H); 13C NMR (151 MHz, CDCl3) δ 160.35 (JF = 249.15), 149.47 (JF = 

10.57), 138.52, 135.84, 129.19, 126.56, 125.96, 110.92, 109.39 (JF = 18.12), 102.91 (JF = 24.16); 

ESIHRMS calcd for C19H27N2O2S [M+H]+ and C19H26N2NaO2S [M+Na]+, 347.1793 and 

369.1613; found, 347.1807 and 369.1623. 3e: mp = 55-57oC. 1H NMR (600 MHz, CDCl3) δ 

7.42 (t, J = 7.2 Hz, 1H), 7.21 (t, J = 7.7 Hz, 2H), 7.10 (t, J = 7.4 Hz, 1H), 7.05 (d, J = 7.8 Hz, 

2H), 6.55 – 6.40 (m, 2H), 4.40 (s, 2H); 13C NMR (151 MHz, CDCl3) δ 165.01 (JF = 247.64), 

150.54 (JF = 12.08), 139.35 (JF = 6.04), 136.79, 129.05, 126.13, 125.49, 109.51, 105.81 (JF = 

21.14), 101.91 (JF = 25.67). ESIHRMS calcd for C19H27N2O2S [M+H]+ and C19H26N2NaO2S 

[M+Na]+, 347.1793 and 369.1613; found, 347.1807 and 369.1623. 
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Synthesis of 4-Chloro-5-methoxy-2-(phenylthio)aniline (2f) and 5-Methoxy-2-

(phenylthio)aniline (3f) 

Compound 2f & 3f were synthesized using (4-Methoxy-2-

nitrophenyl)(phenyl)sulfane (1f) following general procedure C 

for 2 h as yellow color solid 2f and off-white color solid 3f with 

45% and 20%  yield, respectively. 2f: mp = 68-70oC; 1H NMR (600 MHz, CDCl3) 

δ 7.46 (s, 1H), 7.22 (t, J = 7.5 Hz, 2H), 7.11 (t, J = 7.3 Hz, 1H), 7.06 (d, J = 7.7 Hz, 2H), 6.36 (s, 

1H), 4.35 (s, 2H), 3.88 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 157.32, 149.13, 138.19, 136.96, 

129.05, 126.07, 125.49, 111.46, 105.92, 98.86, 56.11; ESIHRMS calcd for C19H27N2O2S [M+H]+ 

and C19H26N2NaO2S [M+Na]+, 347.1793 and 369.1613; found, 347.1807 and 369.1623. 3f: mp = 

90-92oC; 1H NMR (600 MHz, CDCl3) δ 7.37 (d, J = 8.4 Hz, 1H), 7.20 (t, J = 7.4 Hz, 2H), 7.06 (t, 

J = 12.8 Hz, 3H), 6.40 – 6.31 (m, 2H), 4.31 (s, 2H), 3.79 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 

162.42, 150.33, 139.02, 137.86, 128.94, 125.78, 125.10, 105.67, 105.22, 100.32, 55.27; ESIHRMS 

calcd for C19H27N2O2S [M+H]+ and C19H26N2NaO2S [M+Na]+, 347.1793 and 369.1613; found, 

347.1807 and 369.1623. 

 

Synthesis of 4-Chloro-2-(phenylthio)-5-(trifluoromethyl)aniline (2g) and 2-(Phenylthio)-5-

(trifluoromethyl)aniline (3g). 

Compounds 2g & 3g were synthesized using (2-nitro-4-

(trifluoromethyl)phenyl)(phenyl)sulfane (1g) following 

general procedure C for 2 h to afford 2g as a off-white solid 

and 3g as a yellow oil. 2g: mp = 48 - 49 oC; 1H NMR (600 MHz, CDCl3) δ 7.48 (s, 1H), 7.29 (t, 

J = 7.6 Hz, 2H), 7.25-7.20 (m, 1H), 7.18 (dd, J = 5.2, 3.3 Hz, 2H), 7.05 (s, 1H), 4.41 (s, 2H); 13C 

NMR (150 MHz, CDCl3) δ 146.50, 137.83, 134.04, 129.59, 128.49, 127.05, 120.96, 119.72, 

113.88; ESIHRMS calcd. for C13H10ClFNS [M+H]+, 304.0175; found, 304.0179. 3g: 1H NMR 

(600 MHz, CDCl3) δ 7.50 (d, J = 8.0 Hz, 1H), 7.33 – 7.21 (m, 2H), 7.21 – 7.15 (m, 1H), 7.14 – 

7.06 (m, 2H), 6.98 (s, 1H), 6.98 – 6.94 (m, 1H), 4.54 – 4.36 (m, 2H); 13C NMR (150 MHz, CDCl3) 

δ 148.49, 137.19, 135.25, 132.81 (d, J = 32.4), 129.38, 127.67, 126.40, 124.02 (d, J = 272.6 Hz), 

119.19, 114.96, 111.76.  
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Synthesis of 6-Chloro-N1,N1-dimethyl-4-(phenylthio)benzene-1,3-diamine (2h) and N1,N1-

Dimethyl-4-(phenylthio)benzene-1,3-diamine (3h). 

Compound 2h & 3h were synthesized using N,N-dimethyl-

3-nitro-4-(phenylthio)aniline (1h) following general 

procedure C for 2 h to afford 2h as a brown semi-solid and 

3h as a brown semi-solid. 2h: 1H NMR (600 MHz, CDCl3) δ 7.43 (s, 1H), 7.17 – 7.24 (m, 2H), 

7.04 – 7.13 (m, 3H), 6.44 (s, 1H), 6.16 (dd, J = 8.6, 2.7 Hz, 1H), 2.83 (s, 6H); 13C NMR (150 

MHz, CDCl3) δ 153.04, 148.55,  137.07, 129.15, 126.33, 125.59, 125.55, 116.55, 107.81, 106.27, 

43.62; ESIHRMS calcd. for C14H15ClN2S [M+H]+, 279.0723; found, 279.0732. 

3h:  1H NMR (600 MHz, CDCl3) δ 7.30 (d, J = 8.6 Hz, 1H), 7.21 – 7.17 (m, 2H), 7.09 – 7.02 (m, 

3H), 6.20 (dd, J = 8.6, 2.7 Hz, 1H), 6.11 (d, J = 2.7 Hz, 1H), 4.23 (s, 2H), 2.97 (s, 6H); 13C NMR 

(150 MHz, CDCl3) δ 153.13, 150.16, 139.12, 138.82, 128.94, 125.59, 124.84, 104.34, 100.78, 

98.20, 40.39. 

 

Synthesis of 4-Chloro-3-methyl-2-(phenylthio)aniline (2i) and 3-Methyl-2-

(phenylthio)aniline (3i). 

Compound 2i & 3i were synthesized using (2-methyl-6-nitro phenyl) 

(phenyl)sulfane (1i) following general procedure C for 2 h to afford 

2i as a brown semi-solid and 3i as a white sold. 2i: 1H NMR (600 MHz, CDCl3)
 δ 7.21 (t, J = 7.8 

Hz, 3H), 7.11 (t, J = 7.0 Hz, 1H), 7.00 (d, J = 7.8 Hz, 2H), 6.63 (d, J = 8.6 Hz, 1H), 4.42 (s, 2H), 

2.49 (s, 3H); 13C NMR (150 MHz, CDCl3) δ 148.51, 141.83, 136.03, 131.35, 129.14, 125.77, 

125.39, 123.46, 113.56, 18.97; ESIHRMS calcd. for C13H12ClNS [M+H]+, 250.0457; found, 

250.0462. 3i: mp = 63 - 65 oC; 1H NMR (600 MHz, CDCl3) δ 7.22 – 7.16 (m, 2H), 7.13 (d, J = 

7.7 Hz, 1H), 7.08 (t, J = 7.4 Hz, 1H), 7.03 – 6.98 (m, 2H), 6.74 – 6.69 (m, 1H), 6.66 (dd, J = 8.1, 

0.7 Hz, 1H), 4.36 (s, 2H), 2.38 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 149.87, 144.84, 136.82, 

130.67, 129.13, 125.71, 125.12, 120.19, 113.84, 113.02, 21.71. 
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Synthesis of (5-Chloro-2-nitrophenyl)(propyl)sulfane (2l) and (5-Chloro-2-

nitrophenyl)(propyl)sulfane (3l)  

Compound 2l & 3l were synthesized using (2-

nitrophenyl)(propyl)sulfane (1l) following general procedure C for 2 

h as color loss oil 2l and color loss oil 3l with 63% and 21%  yield, 

respectively. 2k: 1H NMR (600 MHz, CDCl3) δ 7.33 (d, J = 2.4 Hz, 1H), 7.05 (dd, J = 8.5, 2.4 Hz, 

1H), 6.64 (d, J = 8.5 Hz, 1H), 4.31 (s, 2H), 2.84 – 2.64 (m, 2H), 1.64 – 1.53 (m, 2H), 0.99 (t, J = 

7.3 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 146.54, 134.28, 129.12, 122.42, 119.94, 115.71, 36.83, 

22.91, 13.30; ESIHRMS calcd for C19H27N2O2S [M+H]+ and C19H26N2NaO2S [M+Na]+, 347.1793 

and 369.1613; found, 347.1807 and 369.1623. 3l: 1H NMR (600 MHz, δ 7.36 (dd, J = 7.7, 1.3 Hz, 

1H), 7.15 – 7.04 (m, 1H), 6.77 – 6.60 (m, 2H), 4.33 (s, 2H), 2.71 (t, J = 7.3 Hz, 2H), 1.58 (dd, J = 

14.7, 7.3 Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 148.17, 135.72, 129.44, 

118.46, 118.30, 114.86, 36.89, 23.01, 13.35. ESIHRMS calcd for C19H27N2O2S [M+H]+ and 

C19H26N2NaO2S [M+Na]+, 347.1793 and 369.1613; found, 347.1807 and 369.1623. 

 

Synthesis of 4-Chloro-5-methyl-2-(propylthio)aniline (2m) and (4-Methyl-2-nitrophenyl) 

(propyl)sulfane (3m). 

Compound 2m & 3m were synthesized using (4-methyl-2-

nitrophenyl)(propyl)sulfane (1m) following general procedure C 

for 2 h to afford 2m & 3m as brown oils. 2m: 1H NMR (600 MHz, 

CDCl3) δ 7.33 (s, 1H), 6.60 (s, 1H), 4.26 (s, 2H), 2.73 – 2.64 (m, 2H), 2.26 (s, 3H), 1.57 (d, J = 

7.4 Hz, 2H), 0.98 (t, J = 7.3 Hz, 2H); 13C NMR (150 MHz, CDCl3) δ 146.91, 137.39, 135.39, 

122.96, 117.03, 116.98, 37.29, 23.08, 20.07, 13.44; ESIHRMS calcd. for C10H14ClNS [M+H]+, 

216.0614; found, 216.0620. 3m: 1H NMR (600 MHz, CDCl3) δ 7.26 (d, J = 2.6 Hz, 1H), 6.56 (d, 

J = 0.9 Hz, 1H), 6.53 – 6.48 (m, 1H), 4.30 (s, 2H), 2.74 – 2.57 (m, 2H), 2.25 (s, 3H), 1.65 – 1.48 

(m, 2H), 0.97 (t, J = 7.3 Hz, 2H); 13C NMR (150 MHz, CDCl3) δ 148.33, 139.98, 136.22, 119.66, 

115.66, 115.08, 37.34, 23.14, 21.42, 13.45. 
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Synthesis of 4-Chloro-5-fluoro-2-(propylthio)aniline (2n) and 5-Fluoro-2-(propylthio)aniline 

(3n). 

Compound 2n & 3n were synthesized using ((4-fluoro-2-

nitrophenyl)(propyl)sulfane (1n) following general procedure C 

for 2 h to afford 2n & 3n as colorless oils. 2n: 1H NMR (600 

MHz, CDCl3)
 δ 7.39 (d, J = 8.1 Hz, 1H), 6.50 (d, J = 10.6 Hz, 1H), 4.48 (s, 2H), 2.66 (dd, J = 7.6, 

7.1 Hz, 2H), 1.56 (q, J = 7.7 Hz, 2H), 0.98 (t, J = 7.3 Hz, 3H); 13C NMR (150 MHz, CDCl3)
 δ 13C 

NMR (150 MHz, CDCl3) δ 158.99 (d, J = 247.8 Hz), 148.62 (d, J = 10.4 Hz, 137.33, 114.56, 

108.87, 102.48 (d, J = 24.7 Hz), 37.46, 23.03, 13.39; ESIHRMS calcd. for C9H11ClFNS [M+H]+, 

220.0363; found, 220.0362. 3n: 1H NMR (600 MHz, CDCl3)
 δ 7.34 -7.31 (dd, J = 6.7, 8.1 Hz, 

1H), 6.42 (dd, J = 10.5, 2.7 Hz, 1H), 6.38 (td, J = 8.5, 2.7 Hz, 1H), 4.49 (s, 2H), 2.73 – 2.20 (m, 

2H), 1.69 – 1.40 (m, 2H), 1.13 – 0.84 (m, 3H); 13C NMR (150 MHz, CDCl3) 164.05 (d, J = 245.6 

Hz), 149.99 (d, J = 11.6 Hz), 137.96 (d, J = 10.0 Hz), 113.19, 105.31 (d, J = 22.0 Hz), 101.35 (d, 

J = 25.2 Hz), 37.29, 22.91, 13.28. 

 

Synthesis of 4-Chloro-2-phenoxyaniline (2q)14 and 2-Phenoxyaniline (3q). 

Compound 2q & 3q were synthesized using 1-nitro-2-

phenoxybenzene (1q) following general procedure C for 90 

minutes to afford 2q as a brown oil and 3q as an off-white 

solid. 2q: 1H NMR (600 MHz, CDCl3) δ 7.33 (t, J = 7.8 Hz, 2H), 7.10 (td, J = 7.4, 0.5 Hz, 1H), 

7.01 – 6.96 (m, 2H), 6.92 (dd, J = 8.5, 2.2 Hz, 1H), 6.82 (d, J = 2.3 Hz, 1H), 6.72 (d, J = 8.5 Hz, 

1H), 3.80 (s, 2H); 13C NMR (150 MHz, CDCl3) δ 156.79, 143.99, 137.30, 130.01, 124.54, 123.52, 

122.78, 119.76, 117.85, 116.94. 3q: mp = 42 - 44 oC; 1H NMR (600 MHz, CDCl3) δ 7.32 – 7.26 

(m, 2H), 7.04 (t, J = 7.4 Hz, 1H), 6.98 – 6.95 (m, 3H), 6.87 (d, J = 1.1 Hz, 1H), 6.80 (dd, J = 7.9, 

1.4 Hz, 1H), 6.74 – 6.68 (m, 1H), 3.77 (s, 2H); 13C NMR (150 MHz, CDCl3) δ 157.60, 143.16, 

138.86, 129.81, 125.01, 122.73, 120.38, 118.86, 117.20, 117.58.  
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Synthesis of 4-Chloro-5-methyl-2-phenoxyaniline (2r) and 5-Methyl-2-phenoxyaniline (3r) 

Compound 2r & 3r were synthesized using 4-methyl-2-

nitro-1-phenoxybenzene (1r) following general procedure 

C for 3 h as brown color solid 2r and off-white color solid 

3r with 72% and 20%  yield, respectively. 2r: mp = 52-54oC; 

1H NMR (600 MHz, CDCl3) δ 7.36 – 7.29 (m, 2H), 7.08 (dd, J = 10.6, 4.2 Hz, 1H), 7.00 – 6.94 

(m, 2H), 6.85 (s, 1H), 6.68 (s, 1H), 3.73 (s, 2H), 2.28 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 

157.19, 141.54, 137.24, 132.20, 129.82, 123.01, 122.70, 120.55, 118.10, 117.16, 19.52; ESIHRMS 

calcd for C19H27N2O2S [M+H]+ and C19H26N2NaO2S [M+Na]+, 347.1793 and 369.1613; found, 

347.1807 and 369.1623. 3r: mp = 36-38oC; 1H NMR (600 MHz, CDCl3) δ 7.28 (t, J = 8.0 Hz, 2H), 

7.02 (t, J = 7.3 Hz, 1H), 6.98 – 6.91 (m, 2H), 6.78 (d, J = 8.1 Hz, 1H), 6.64 (s, 1H), 6.53 (d, J = 

8.1 Hz, 1H), 3.70 (s, 2H), 2.27 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 157.89, 140.64, 138.54, 

134.82, 129.66, 122.33, 120.54, 119.45, 117.18, 116.67, 21.02; ESIHRMS calcd for C19H27N2O2S 

[M+H]+ and C19H26N2NaO2S [M+Na]+, 347.1793 and 369.1613; found, 347.1807 and 369.1623. 

 

Synthesis of 4-Chloro-5-fluoro-2-phenoxyaniline (2s) and 5-Fluoro-2-phenoxyaniline (3s). 

Compounds 2s & 3s were synthesized using 4-fluoro-2-nitro-1-

phenoxybenzene (1s) following general procedure C for 2h to 

afford 2s & 3s as colorless oils; 2s: 1H NMR (600 MHz, CDCl3) 

δ 7.37 – 7.29 (m, 2H), 7.10 (tt, J = 7.7, 1.0 Hz, 1H), 7.02 – 6.92 

(m, 2H), 6.87 (d, J = 7.0 Hz, 1H), 6.60 (d, J = 10.2 Hz, 1H), 3.92 (s, 2H); 13C NMR (150 MHz, 

CDCl3) δ 157.13, δ 155.27 (d, J = 243.0 Hz), 139.25, 138.85 (d, J = 9.7 Hz), 130.06, 123.44, 

121.55, 117.23, 108.54 (d, J = 19.7 Hz), 103.76 (d, J = 25.8 Hz); ESIHRMS calcd. for 

C12H9ClFNO [M+H]+, 238.0435; found, 238.0440. 3s: 1H NMR (600 MHz, CDCl3) δ 7.31 – 7.27 

(m, 2H), 7.04 (t, J = 7.4 Hz, 1H), 6.95 – 6.91 (m, 2H), 6.82 (dd, J = 8.8, 5.4 Hz, 1H), 6.51 (dd, J 

= 9.9, 2.9 Hz, 1H), 6.42 – 6.37 (m, 1H), 3.87 (s, 2H); 13C NMR (150 MHz, CDCl3) δ  160.21 (d, 

J = 240.5 Hz), 157.82, 140.34 (d, J = 11.4 Hz), 138.74, 129.83 (d, J = 13.2 Hz), 122.74, 121.66 

(d, J = 10.2 Hz), 116.66, 104.76 (d, J = 23.5 Hz), 103.11 (d, J = 26.6 Hz). 
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Synthesis of 4-Chloro-2-(phenylselanyl)aniline (2t)15 and 2-(Phenylselanyl)aniline (3t). 

Compounds 2t & 3t were synthesized using (2-

nitrophenyl)(phenyl)selane (1t) following general procedure C 

for 2h to afford 2t as a brown oil and 3t as a brown oil. 2t: 1H 

NMR (600 MHz, CDCl3) δ 7.55 (d, J = 2.4 Hz, 1H), 7.32 – 7.12 (m, 6H), 6.71 (d, J = 8.6 Hz, 1H), 

4.27 (s, 2H); 13C NMR (150 MHz, CDCl3) δ 147.19, 137.30, 130.93, 130.90, 129.95, 129.53, 

126.80, 122.66, 115.98, 114.10. 3t:  1H NMR (600 MHz, CDCl3) δ 7.58 (dd, J = 7.6, 1.5 Hz, 1H), 

7.25 – 7.12 (m, 6H), 6.80 (dd, J = 8.0, 1.3 Hz, 1H), 6.70 (td, J = 7.5, 1.3 Hz, 1H), 4.29 (s, 2H); 13C 

NMR (150 MHz, CDCl3) δ 148.73, 138.70, 131.81, 131.20, 129.48, 129.39, 126.34, 118.97, 

115.16, 112.88. 

 

Synthesis of 2-Bromo-4-chloroaniline (2u).16  

Compound 2u was synthesized using 1-bromo-2-nitrobenzene (1u) following 

general procedure C for 2 h to afford 2u as a white solid. 2u: mp = 60 - 62 oC; 1H 

NMR (600 MHz, CDCl3) δ 7.40 (d, J = 2.3 Hz, 1H), 7.07 (dd, J = 8.6, 2.3 Hz, 

1H), 6.69 (d, J = 8.6 Hz, 1H), 4.08 (s, 2H); 13C NMR (150 MHz, CDCl3) δ 142.98, 131.98, 128.49, 

123.16, 116.34, 109.28.  

 

Synthesis of 2-Bromo-4-chloro-5-methylaniline (2v) and 2-Bromo-5-methylaniline (3v). 

Compounds 2v & 3v were synthesized using 1-bromo-4-methyl-

2-nitrobenzene (1v) following general procedure C for 2 h to 

afford 2v as a white solid and 3v as a colorless oil. 2v: mp = 66 

- 68oC;1H NMR (600 MHz, CDCl3) δ 7.37 (s, 1H), 6.63 (d, J = 0.4 Hz, 1H), 3.99 (s, 2H), δ 2.24 

(s, 3H); 13C NMR (150 MHz, CDCl3) δ 142.71, 136.13, 131.91, 123.52, 117.36, 106.25, 19.76; 

ESIHRMS calcd. for C7H7BrClN [M+H]+, 219.9529; found, 219.9527. 3v: 1H NMR (600 MHz, 

CDCl3) δ 7.25 (d, J = 0.9 Hz, 1H), 6.59 (d, J = 1.2 Hz, 1H), 6.48 – 6.47 (m, 1H), 3.99 (s, 2H), 2.22 

(s, 3H); 13C NMR (150 MHz, CDCl3) δ 143.88, 138.53, 132.35, 120.64, 116.59, 106.28, 21.15. 

 

  



S25 

 

 

Synthesis of N,N-Dimethyl-2-(2-amino-4-methyl-5-bromophenylthio)-5-

methoxybenzylamine (5a)  

 

To a solution of compound 1a (100 mg, 0.30 mmol) in EtOH (15 mL) and 2N HCl (1.5 mL) was 

added SnBr4 (665 mg, 1.52 mmol) at rt. The reaction mixture was stirred at reflux temperature 

under N2 for 0.5 h and SnBr2 (42 mg, 0.15 mmol) was added every 0.5 h for seven times at the 

same temperature. Then the mixture was evaporated and quenched with water (10 mL). The crude 

mixture was basified with 10% NaOH to pH > 12, extracted with CH2Cl2 (25 mL × 3), IPA/CH2Cl2 

(1/4, 10 mL × 2), washed with brine, dried over MgSO4 and evaporated. The crude product was 

chromatographed (silica gel, 1-4% MeOH (with 10% NH4OH) in CH2Cl2) to afford a white oil 3a 

(43.5 mg, 48%), 5a (24.6 mg, 22%) 1H NMR (400 MHz, CDCl3) δ 2.29 (s, 9H), 3.53 (s, 2H), 3.76 

(s, 3H), 6.57 (s, 1H), 6.69 (dd, J = 2.9, 8.7 Hz, 1H), 6.83 (d, J = 2.8 Hz, 1H), 6.97 (d, J = 8.6 Hz, 

1H), 7.55 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 22.8, 45.2, 55.3, 62.4, 111.5, 113.6, 116.1, 116.2, 

117.1, 126.7, 131.0, 138.9, 139.1, 139.6, 147.6, 158.2; ESIHRMS calcd for C17H22BrN2OS 

[M+H]+ and C17H21BrN2NaOS [M+Na]+, 381.0636 and 403.0456; found, 381.0650 and 403.0474. 

 

Synthesis of 1-(5-(2-Fluoroethoxy)-2-(4-methyl-2-nitrophenylthio)- phenyl)-N,N-

dimethylmethanamine (9a).  

Compound 9a was synthesized following general procedure A as 

a yellow oil with 73% yield. 1H NMR (200 MHz, CDCl3) δ 2.19 

(s, 6H), 2.35 (s, 3H), 3.49 (s, 2H), 4.31 (dt, J = 28.0, 4.1 Hz, 2H), 

4.80 (dt, J = 47.3, 4.1 Hz, 2H), 6.53 (d, J = 8.3 Hz, 1H), 6.90 (dd, 

J = 8.5, 2.9 Hz, 1H), 7.12 (dd, J = 8.3, 1.9 Hz, 1H), 7.27-7.31 (m, 1H), 7.47 (d, J = 8.5 Hz, 1H), 

8.06 (m, 1H), 13C NMR (50 MHz, CDCl3)  20.5, 45.6 (2C), 61.1, 67.3 (d, J = 20.2 Hz), 81.9 (d, J 

= 170.1 Hz), 115.0, 115.9, 121.4, 126.1, 127.6, 134.7, 135.2, 136.6, 138.9, 144.7 146.1, 160.5; 

ESIHRMS calcd for C18H21FN2NaO3S [M+Na]+, 387.1155; found, 387.1141. 
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Synthesis of 1-(5-(2-(2-(2-Fluoroethoxy)ethoxy)ethoxy)-2-((4-methyl-2-nitrophenyl)thio) 

phenyl)-N,N-dimethylmethanamine (9b).  

Compound 9b was synthesized following general 

procedure  A as a yellow oil with 72% yield. 1H NMR (600 

MHz, CDCl3) δ 2.27 (s, 3H), 2.28 (s, 6H), 3.52 (s, 2H), 

3.69-3.73 (m, 5H), 3.77 (m, 1H), 3.83 (t, J = 4.8 Hz, 2H), 4.09 (t, J = 4.8 Hz, 2H), 4.56 (dt, J = 

47.7, 4.2 Hz, 2H), 6.56 (s, 1H), 6.70 (dd, J = 8.6, 2.8 Hz, 1H), 6.87 (d, J = 2.8Hz, 1H), 6.95 (d, J 

= 8.6 Hz, 1H), 7.36 (s, 1H) ; 13C NMR (150 MHz, CDCl3) δ 20.1, 45.4, 45.4, 62.6, 67.7, 69.9, 70.6 

(d, J = 19.5 Hz), 71.0, 71.0, 83.3 (d, J = 168.0 Hz), 114.5, 115.9, 116.9, 117.3, 122.6, 127.1, 131.1, 

135.9, 138.1, 139.3, 147.1, 157.6; ESIHRMS calcd for C22H30ClFN2NaO3S [M+Na]+, 479.1547; 

found 479.1547. 

 

Synthesis of 4-Chloro-2-(2-((dimethylamino)methyl)-4-(2-fluoroethoxy)phenylthio)-5-

methyl-benzenamine (10a) and 2-(2-((Dimethylamino)methyl)-4-(2-fluoroethoxy)phenyl- 

thio)-5-methyl- benzenamine (11a) 

Compound 10a & 11a were synthesized 

using 1-(5-(2-fluoroethoxy)-2-(4-

methyl-2-nitrophenylthio)- phenyl)-

N,N-dimethylmethanamine (9a) 

following general procedure C as color 

loss oil 10a and color loss oil 11a with 18% and 36%  yield, respectively.  10a: 1H NMR (600 

MHz, CDCl3) δ 2.28 (s, 3H), 2.29 (s, 6H), 3.52 (s, 2H), 4.17 (dt, J = 27.7, 4.2 Hz, 2H), 4.51 (bs, 

2H), 4.72 (dt, J = 47.4, 4.2 Hz, 2H), 6.57 (s, 1H), 6.70 (dd, J = 8.5, 2.8 Hz, 1H), 6.89 (d, J = 2.8 

Hz, 1H), 6.96 (d, J = 8.6 Hz, 1H), 7.37 (s, 1H); 13C NMR (150 MHz, CDCl3) δ 20.1, 45.4, 62.5, 

67.4 (d, J = 21.0 Hz), 82.0 (d, J = 169.5 Hz), 114.4, 115.7, 116.9, 117.3, 122.7, 127.7, 131.0, 136.0, 

138.2, 139.4, 147.2, 157.2; ESIHRMS calcd for C18H23ClFN2OS [M+H]+,369.1204; found, 

369.1218. 11a: 1H NMR (400 MHz, CDCl3) δ 2.27 (s, 3H), 2.30 (s, 6H), 3.54 (s, 2H), 4.16 (dt, J 

= 28.0, 4.1 Hz, 2H), 4.34 (bs, 2H), 4.71 (dt, J = 47.4, 4.1 Hz, 2H), 6.53-6.55 (m, 2H), 6.67 (dd, J 

= 8.6, 3.0 Hz, 1H), 6.87-6.90 (m, 2H), 7.30 (d, J = 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 

21.5, 45.5, 62.4, 67.3 (d, J = 20.0 Hz), 82.0 (d, J = 170.0 Hz), 113.3, 114.3, 116.0, 116.6, 119.6, 

128.7, 129.9, 136.9, 138.8, 140.9, 148.6, 156.8; ESIHRMS calcd for C18H24FN2OS [M+H]+, 

335.1593; found, 335.1593.  
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Synthesis of 4-Chloro-2-(2-((dimethylamino)- methyl)-4-(2-(2-(2-fluoroethoxy)ethoxy)-

ethoxy)phenylthio)-5-methyl- benzenamine (10b) and 2-(2-((Dimethylamino)methyl)-4-(2-

(2-(2-fluoroethoxy)ethoxy)ethoxy)-phenylthio)-5-methylbenzenamine (11b).    

 

 

 

Compound 10b & 11b were synthesized using 1-(5-(2-(2-(2-fluoroethoxy)ethoxy)ethoxy)-2-((4-

methyl-2-nitrophenyl)thio) phenyl)-N,N-dimethylmethanamine (9c) following general procedure 

C as color loss oil 10b and color loss oil 11b with 16% and 33%  yield, respectively. 10b: 1H NMR 

(600 MHz, CDCl3) δ 2.27 (s, 3H), 2.28 (s, 6H), 3.52 (s, 2H), 3.69-3.73 (m, 5H), 3.77 (m, 1H), 3.83 

(t, J = 4.8 Hz, 2H), 4.09 (t, J = 4.8 Hz, 2H), 4.56 (dt, J = 47.7, 4.2 Hz, 2H), 6.56 (s, 1H), 6.70 (dd, 

J = 8.6, 2.8 Hz, 1H), 6.87 (d, J = 2.8Hz, 1H), 6.95 (d, J = 8.6 Hz, 1H), 7.36 (s, 1H); 13C NMR (150 

MHz, CDCl3) 20.1, 45.4, 45.4, 62.6, 67.7, 69.9, 70.6 (d, J = 19.5 Hz), 71.0, 71.0, 83.3 (d, J = 168.0 

Hz), 114.5, 115.9, 116.9, 117.3, 122.6, 127.1, 131.1, 135.9, 138.1, 139.3, 147.1, 157.6; ESIHRMS 

calcd for C22H30ClFN2NaO3S [M+Na]+, 479.1547; found 479.1547. 11b: 1H NMR (400 MHz, 

CDCl3) δ 2.26 (s, 3H), 2.29 (s, 6H), 3.53 (s, 2H), 3.64-3.73 (m, 5H), 3.80-3.85 (m, 3H), 4.06-4.10 

(m, 2H), 4.55 (dt, J = 47.7, 4.2 Hz, 2H), 6.52-6.54 (m, 2H), 6.67 (dd, J = 8.7, 2.8 Hz, 1H), 6.87-

6.89 (m, 2H), 7.30 (d, J = 7.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 21.5, 45.4, 45.4, 62.4, 67.6, 

69.9, 70.6 (d, J = 19.0 Hz), 71.0, 71.0, 83.3 (d, J = 168.0 Hz), 113.5, 114.4, 116.0, 116.7, 119.6, 

128.1, 130.0, 136.8, 138.7 140.8, 148.4, 157.2; ESIHRMS calcd for C22H32FN2O3S [M+H]+, 

423.2118; found, 423.2116. 
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Compound 1a, 1H-NMR, 100MHz, CDCl3 

 

Compound 1a, 13C-NMR, 100MHz, CDCl3 
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Compound 1a, Dept135, 100MHz, CDCl3 

 

Compound 1b, 1H-NMR, 600MHz, CDCl3 
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Compound 1b, 13C-NMR, 600MHz, CDCl3 

 

 

 

Compound 1b, Dept135, 13C-NMR, 155 MHz, CDCl3 
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Compound 1c, 1H-NMR, 400MHz, CDCl3 

 

 
Compound 1c, 13C-NMR, 100MHz, CDCl3 
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Compound 1c, Dept135, 13C-NMR, 100MHz, CDCl3 

 

 
Compound 1d, 1H-NMR, 400MHz, CDCl3 
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Compound 1d, 13C-NMR, 100MHz, CDCl3 

 

 
Compound 1d, Dept135, 13C-NMR, 100MHz, CDCl3 
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Compound 1e, 1H-NMR, 400MHz, CDCl3 

 

 
Compound 1e, 13C-NMR, 100MHz, CDCl3 
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Compound 1h, 1H-NMR, 400MHz, CDCl3 
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Compound 1i, 1H-NMR, 400MHz, CDCl3 

 

 
Compound 1i, 13C-NMR, 100MHz, CDCl3 
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Compound 1j, Dept135, 1H-NMR, 400MHz, CDCl3 
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Compound 1k, 1H-NMR, 400MHz, CDCl3  
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Compound 1l, 1H-NMR, 400MHz, CDCl3 
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Compound 1o, 1H-NMR, 400MHz, CDCl3  
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Compound 1t, Dept135, 13C-NMR, 100MHz, CDCl3 
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Compound 2a, 1H-NMR, 400MHz, CDCl3 

 

 
Compound 2a, 13C-NMR, 150MHz, CDCl3 
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Compound 3a, 1H-NMR, 400MHz, CDCl3 

 

Compound 3a, 13C-NMR, 150MHz, CDCl3 
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Compound 4a’, 1H-NMR, 400MHz, CDCl3 

 

Compound 4a’, 13C-NMR, 100MHz, CDCl3 
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Compound 2b, 1H-NMR, 600MHz, CDCl3 

 

 
Compound 2b, 13C-NMR, 150MHz, CDCl3 

 

 



S72 

 

 

 

Compound 3b, 1H-NMR, 600MHz, CDCl3 

 

 
Compound 3b, 13C-NMR, 150MHz, CDCl3 
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Compound 2c, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 2c, 13C-NMR, 150MHz, CDCl3 
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Compound 3c, 1H-NMR, 600MHz, CDCl3 

 

 
Compound 3c, 13C-NMR, 150MHz, CDCl3 
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Compound 2d, 1H-NMR, 600MHz, CDCl3 

 

Compound 2d, 13C-NMR, 150MHz, CDCl3 
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Compound 3d, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 3d, 13C-NMR, 150MHz, CDCl3 
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Compound 2e, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 2e, 13C-NMR, 150MHz, CDCl3 
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Compound 3e, 1H-NMR, 600MHz, CDCl3 

 

Compound 3e, 13C-NMR, 150MHz, CDCl3  
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Compound 2f, 1H-NMR, 600MHz, CDCl3 

 

 
Compound 2f, 13C-NMR, 150MHz, CDCl3 
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Compound 3f, 1H-NMR, 600MHz, CDCl3 

 

 
Compound 3f, 13C-NMR, 150MHz, CDCl3 
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Compound 2g, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 2g, 13C-NMR, 150MHz, CDCl3 
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Compound 3g, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 3g, 13C-NMR, 150MHz, CDCl3 
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A mixture of compounds 2h and 3h (ratio=1:2), 1H-NMR, 600MHz, CDCl3 
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A mixture of compounds 2h and 3h (ratio=1:2), 13C-NMR, 150MHz, CDCl3 
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Compound 3h, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 3h, 13C-NMR, 150MHz, CDCl3 
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Compound 2i, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 2i, 13C-NMR, 150MHz, CDCl3 
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Compound 3i, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 3i, 13C-NMR, 150MHz, CDCl3 
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Compound 2l, 1H-NMR, 600MHz, CDCl3 

 

 
Compound 2l, 13C-NMR, 150MHz, CDCl3 
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Compound 3l, 1H-NMR, 600MHz, CDCl3 

 

 
Compound 3l, 13C-NMR, 150MHz, CDCl3 
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Compound 2m, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 2m, 13C-NMR, 150MHz, CDCl3 
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Compound 3m, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 3m, 13C-NMR, 150MHz, CDCl3 
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Compound 2n, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 2n, 13C-NMR, 150MHz, CDCl3 
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Compound 3n, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 3n, 13C-NMR, 150MHz, CDCl3 
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Compound 2q, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 2q, 13C-NMR, 150MHz, CDCl3 
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Compound 3q, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 3q, 13C-NMR, 150MHz, CDCl3 
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Compound 2r, 1H-NMR, 600MHz, CDCl3 

 

 
Compound 2r, 13C-NMR, 150MHz, CDCl3 
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Compound 3r, 1H-NMR, 600MHz, CDCl3 

 

 
Compound 3r, 13C-NMR, 150MHz, CDCl3 
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Compound 2s, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 2s, 13C-NMR, 150MHz, CDCl3 
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Compound 3s, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 3s, 13C-NMR, 150MHz, CDCl3 
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Compound 2t, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 2t, 13C-NMR, 150MHz, CDCl3 
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Compound 3t, 1H-NMR, 600MHz, CDCl3 

 

 
Compound 3t, 13C-NMR, 150MHz, CDCl3 
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Compound 2u, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 2u, 13C-NMR, 150MHz, CDCl3 
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Compound 2v, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 2v, 13C-NMR, 150MHz, CDCl3 
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Compound 3v, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 3v, 13C-NMR, 150MHz, CDCl3 
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Compound 2x and 3x, 1H-NMR, 600MHz, CDCl3 
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Compound 4a, 1H-NMR, 400MHz, CDCl3 

 

 
Compound 4a, 13C-NMR, 100MHz, CDCl3 

 

  



S107 

 

 

 
 

Compound 10a, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 10a, 13C-NMR, Dept135, 150MHz, CDCl3 
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Compound 10a, 1H-1H COSY, CDCl3. 

 

 

 

 

 

 

 

ppm

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 ppm
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5.0

4.0

3.0

2.0

1.0

0.0

Current Data Parameters

NAME     lwh-xys-20130730

EXPNO                 5

PROCNO                1

F2 - Acquisition Parameters

Date_          20130730

Time              11.46

INSTRUM           spect

PROBHD   5 mm CPDCH 13C

PULPROG  hsqcetgpsisp2.2

TD                 2048

SOLVENT           CDCl3

NS                    1

DS                   16

SWH            8012.820 Hz

FIDRES         3.912510 Hz

AQ            0.1278452 sec

RG                 1030

DW               62.400 usec

DE                20.00 usec

TE                300.1 K

CNST2       145.0000000

CNST17       -0.5000000

D0           0.00000300 sec

D1           1.50000000 sec

D4           0.00172414 sec

D11          0.03000000 sec

D16          0.00020000 sec

D24          0.00086207 sec

IN0          0.00001540 sec

======== CHANNEL f1 ========

NUC1                 1H

P1                10.00 usec

P2                20.00 usec

P28      0 usec

PL1      0 dB

PL1W        16.10119247 W

SFO1        600.0736004 MHz

======== CHANNEL f2 ========

CPDPRG2            garp

NUC2                13C

P3                11.20 usec

P14              500.00 usec

P24             2000.00 usec

PCPD2             60.00 usec

PL0              120.00 dB

PL2                6.00 dB

PL12              19.70 dB
PL0W     0 W

PL2W        23.02994347 W

PL12W        0.98241001 W

SFO2        150.9013014 MHz

SP3               13.41 dB

SP7               13.41 dB

SPNAM3   Crp60,0.5,20.1

SPNAM7      Crp60comp.4

SPOAL3            0.500

SPOAL7            0.500

SPOFFS3  0 Hz

SPOFFS7  0 Hz

====== GRADIENT CHANNEL =====

GPNAM1         SINE.100

GPNAM2         SINE.100

GPNAM3         SINE.100

GPNAM4         SINE.100

GPZ1              80.00 %

GPZ2              20.10 %

GPZ3              11.00 %

GPZ4              -5.00 %

P16             1000.00 usec

P19              600.00 usec

F1 - Acquisition parameters

TD                  256

SFO1           150.9013 MHz

FIDRES       126.733513 Hz

SW              215.000 ppm

FnMODE    Echo-Antiecho

F2 - Processing parameters

SI                 1024

SF          600.0700159 MHz

WDW               QSINE

SSB                   2

LB       0 Hz

GB       0

PC                 1.40

F1 - Processing parameters

SI                 1024

MC2       echo-antiecho

SF          150.8876921 MHz

WDW                 SIN

SSB                   2

LB       0 Hz

GB       0
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Compound 10a, 1H-13C HSQC, CDCl3. 
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Current Data Parameters

NAME     lwh-xys-20130730

EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters

Date_          20130730

Time              11.46

INSTRUM           spect

PROBHD   5 mm CPDCH 13C

PULPROG  hsqcetgpsisp2.2

TD                 2048

SOLVENT           CDCl3

NS                    1

DS                   16
SWH            8012.820 Hz

FIDRES         3.912510 Hz

AQ            0.1278452 sec

RG                 1030

DW               62.400 usec

DE                20.00 usec

TE                300.1 K

CNST2       145.0000000
CNST17       -0.5000000

D0           0.00000300 sec

D1           1.50000000 sec

D4           0.00172414 sec

D11          0.03000000 sec

D16          0.00020000 sec

D24          0.00086207 sec

IN0          0.00001540 sec

======== CHANNEL f1 ========

NUC1                 1H

P1                10.00 usec

P2                20.00 usec

P28      0 usec

PL1      0 dB

PL1W        16.10119247 W

SFO1        600.0736004 MHz

======== CHANNEL f2 ========
CPDPRG2            garp

NUC2                13C

P3                11.20 usec

P14              500.00 usec

P24             2000.00 usec

PCPD2             60.00 usec

PL0              120.00 dB

PL2                6.00 dB
PL12              19.70 dB

PL0W     0 W

PL2W        23.02994347 W

PL12W        0.98241001 W

SFO2        150.9013014 MHz

SP3               13.41 dB

SP7               13.41 dB

SPNAM3   Crp60,0.5,20.1
SPNAM7      Crp60comp.4

SPOAL3            0.500

SPOAL7            0.500

SPOFFS3  0 Hz
SPOFFS7  0 Hz

====== GRADIENT CHANNEL =====

GPNAM1         SINE.100

GPNAM2         SINE.100

GPNAM3         SINE.100

GPNAM4         SINE.100

GPZ1              80.00 %
GPZ2              20.10 %

GPZ3              11.00 %

GPZ4              -5.00 %

P16             1000.00 usec

P19              600.00 usec

F1 - Acquisition parameters

TD                  256
SFO1           150.9013 MHz

FIDRES       126.733513 Hz

SW              215.000 ppm

FnMODE    Echo-Antiecho

F2 - Processing parameters

SI                 1024

SF          600.0700159 MHz

WDW               QSINE

SSB                   2

LB       0 Hz

GB       0

PC                 1.40

F1 - Processing parameters

SI                 1024

MC2       echo-antiecho

SF          150.8876921 MHz

WDW                 SIN

SSB                   2

LB       0 Hz

GB       0
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Compound 10a, 1H-13C HMBC, CDCl3.  
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Current Data Parameters

NAME     lwh-xys-20130730

EXPNO                 6

PROCNO                1

F2 - Acquisition Parameters

Date_          20130730

Time              11.53

INSTRUM           spect

PROBHD   5 mm CPDCH 13C

PULPROG    hmbcgplpndqf

TD                 2048

SOLVENT           CDCl3

NS                    2

DS                   16

SWH            8012.820 Hz

FIDRES         3.912510 Hz

AQ            0.1278452 sec

RG                 2050

DW               62.400 usec

DE                20.00 usec

TE                300.0 K

CNST2       145.0000000

CNST13        8.0000000

D0           0.00000300 sec

D1           1.50000000 sec

D2           0.00344828 sec

D6           0.06250000 sec

D16          0.00020000 sec

IN0          0.00001325 sec

======== CHANNEL f1 ========

NUC1                 1H

P1                10.00 usec

P2                20.00 usec

PL1      0 dB

PL1W        16.10119247 W

SFO1        600.0736004 MHz

======== CHANNEL f2 ========

NUC2                13C

P3                11.20 usec

PL2                6.00 dB

PL2W        23.02994347 W

SFO2        150.9058280 MHz

====== GRADIENT CHANNEL =====

GPNAM1         SINE.100

GPNAM2         SINE.100

GPNAM3         SINE.100

GPZ1              50.00 %

GPZ2              30.00 %

GPZ3              40.10 %

P16             1000.00 usec

F1 - Acquisition parameters

TD                  256

SFO1           150.9058 MHz

FIDRES       147.368973 Hz

SW              250.000 ppm

FnMODE               QF

F2 - Processing parameters

SI                 1024

SF          600.0700160 MHz

WDW                SINE

SSB      0

LB       0 Hz

GB       0

PC                 1.40

F1 - Processing parameters

SI                 1024

MC2                  QF

SF          150.8876821 MHz

WDW                TPPI

SSB      0

LB       0 Hz

GB       0
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Compound 10b, 1H-NMR, 600MHz, CDCl3 

 

 

Compound 10b, 13C-NMR, Dept135, 150MHz, CDCl3 
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Compound 10b, 1H-1H COSY, CDCl3. 
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Current Data Parameters

NAME     lwh-xys-20130730

EXPNO                11

PROCNO                1

F2 - Acquisition Parameters

Date_          20130730

Time              12.54

INSTRUM           spect

PROBHD   5 mm CPDCH 13C

PULPROG      cosygpqf45

TD                 2048

SOLVENT           CDCl3

NS                    1

DS                   16

SWH            8012.820 Hz

FIDRES         3.912510 Hz

AQ            0.1278452 sec

RG                   64

DW               62.400 usec

DE                20.00 usec

TE                299.9 K

D0           0.00000300 sec

D1           2.00000000 sec

D13          0.00000400 sec

D16          0.00020000 sec

IN0          0.00012485 sec

======== CHANNEL f1 ========

NUC1                 1H

P0                 5.00 usec

P1                10.00 usec

PL1               -0.10 dB

PL1W        16.47623634 W

SFO1        600.0736004 MHz

====== GRADIENT CHANNEL =====

GPNAM1         SINE.100

GPZ1              10.00 %

P16             1000.00 usec

F1 - Acquisition parameters

TD                  256

SFO1           600.0736 MHz

FIDRES        31.293562 Hz

SW               13.350 ppm

FnMODE               QF

F2 - Processing parameters

SI                 1024

SF          600.0700158 MHz

WDW                SINE

SSB      0

LB       0 Hz

GB       0

PC                 1.40

F1 - Processing parameters

SI                 1024

MC2                  QF

SF          600.0700159 MHz

WDW

SSB      0

LB       0 Hz

GB       0
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Compound 10b, 1H-13C HSQC, CDCl3. 
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Current Data Parameters

NAME     lwh-xys-20130730

EXPNO                12
PROCNO                1

F2 - Acquisition Parameters

Date_          20130730

Time              13.04

INSTRUM           spect

PROBHD   5 mm CPDCH 13C

PULPROG  hsqcetgpsisp2.2

TD                 2048

SOLVENT           CDCl3

NS                    1

DS                   16
SWH            8012.820 Hz

FIDRES         3.912510 Hz

AQ            0.1278452 sec

RG                 1030

DW               62.400 usec

DE                20.00 usec

TE                299.8 K

CNST2       145.0000000
CNST17       -0.5000000

D0           0.00000300 sec

D1           1.50000000 sec

D4           0.00172414 sec

D11          0.03000000 sec

D16          0.00020000 sec

D24          0.00086207 sec

IN0          0.00001540 sec

======== CHANNEL f1 ========

NUC1                 1H

P1                10.00 usec

P2                20.00 usec

P28      0 usec

PL1               -0.10 dB

PL1W        16.47623634 W

SFO1        600.0736004 MHz

======== CHANNEL f2 ========
CPDPRG2            garp

NUC2                13C

P3                12.00 usec

P14              500.00 usec

P24             2000.00 usec

PCPD2             55.00 usec

PL0              120.00 dB

PL2                6.00 dB
PL12              19.60 dB

PL0W     0 W

PL2W        23.02994347 W

PL12W        1.00529337 W

SFO2        150.9013014 MHz

SP3               13.41 dB

SP7               13.41 dB

SPNAM3   Crp60,0.5,20.1
SPNAM7      Crp60comp.4

SPOAL3            0.500

SPOAL7            0.500

SPOFFS3  0 Hz
SPOFFS7  0 Hz

====== GRADIENT CHANNEL =====

GPNAM1         SINE.100

GPNAM2         SINE.100

GPNAM3         SINE.100

GPNAM4         SINE.100

GPZ1              80.00 %
GPZ2              20.10 %

GPZ3              11.00 %

GPZ4              -5.00 %

P16             1000.00 usec

P19              600.00 usec

F1 - Acquisition parameters

TD                  256
SFO1           150.9013 MHz

FIDRES       126.733513 Hz

SW              215.000 ppm

FnMODE    Echo-Antiecho

F2 - Processing parameters

SI                 1024

SF          600.0700122 MHz

WDW               QSINE

SSB                   2

LB       0 Hz

GB       0

PC                 1.40

F1 - Processing parameters

SI                 1024

MC2       echo-antiecho

SF          150.8876897 MHz

WDW                 SIN

SSB                   2

LB       0 Hz

GB       0
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Compound 10b, 1H-13C HMBC, CDCl3.  
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Current Data Parameters

NAME     lwh-xys-20130730
EXPNO                13

PROCNO                1

F2 - Acquisition Parameters

Date_          20130730

Time              13.12

INSTRUM           spect
PROBHD   5 mm CPDCH 13C

PULPROG    hmbcgplpndqf

TD                 2048

SOLVENT           CDCl3

NS                    2
DS                   16

SWH            8012.820 Hz
FIDRES         3.912510 Hz

AQ            0.1278452 sec

RG                 2050
DW               62.400 usec

DE                20.00 usec
TE                300.1 K

CNST2       145.0000000

CNST13        8.0000000
D0           0.00000300 sec

D1           1.50000000 sec
D2           0.00344828 sec

D6           0.06250000 sec

D16          0.00020000 sec
IN0          0.00001325 sec

======== CHANNEL f1 ========

NUC1                 1H
P1                10.00 usec

P2                20.00 usec

PL1               -0.10 dB
PL1W        16.47623634 W

SFO1        600.0736004 MHz

======== CHANNEL f2 ========

NUC2                13C
P3                12.00 usec

PL2                6.00 dB
PL2W        23.02994347 W

SFO2        150.9058280 MHz

====== GRADIENT CHANNEL =====

GPNAM1         SINE.100
GPNAM2         SINE.100

GPNAM3         SINE.100
GPZ1              50.00 %

GPZ2              30.00 %

GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters

TD                  256

SFO1           150.9058 MHz
FIDRES       147.368973 Hz

SW              250.000 ppm

FnMODE               QF

F2 - Processing parameters

SI                 1024

SF          600.0700155 MHz

WDW                SINE

SSB      0

LB       0 Hz

GB       0

PC                 1.40

F1 - Processing parameters

SI                 1024

MC2                  QF

SF          150.8876867 MHz

WDW         States-TPPI

SSB      0

LB       0 Hz

GB       0
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Compound 11a, 1H-NMR, 200MHz, CDCl3 

 

 

Compound 11a, 13C-NMR, Dept135, 50MHz, CDCl3 
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Compound 11b, 1H-NMR, 400MHz, CDCl3 

 

 
Compound 11b, 13C-NMR, Dept135, 150MHz, CDCl3  
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Instrumentation 

GC studies were conducted using a Shimadzu®  2014 gas chromatograph. The GC was operated in split less 

mode with a carrier gas (N2 gas) flow rate of 1.0 ml/min. The GC injector was maintained at 250oC. The FID 

detector was maintained at 300oC. The column temperature program consisted of an initial temperature of 100oC 

for 3 min, ramped up to 300oC at a rate of 20oC/min, and hold at 300oC for 10 min. The total GC run time was 23 

min. The crude samples were extracted into ethyl acetate with 10% sodium hydroxide aqueous solution and the 

samples in ethyl acetate were introduced via the injector. The chromatographic separations of the chlorination 

test samples were carried out on a 30 m × 0.25 mm i.d. column coated with 0.25 µm 5% phenyl-95% 

dimethylpolysiloxane (DB-5) using the above-mentioned time program.  

LC-MS studies were performed on an Agilent 1100 system consisting of an Agilent G1313A autosampler, an 

Agilent G1311A quaternary pump, and an Agilent DAD G1315B and an Esquire 2000 mass spectrometer. The 

mass spectrometer was operated on electron spray ionization (ESI) mode. Sampled 100µL of reaction mixture, 

evaporated to dryness and partitioned with 10%NaOH and EA. The EA layer was separated, filtered with MgSO4 

and dried. The crude sample was then dissolved with HPLC grade ACN. The sample solution (10µL) was eluted 

using 80%ACN in 10 mM ammonium formate (pH = 7.0 with ammonium hydroxide) as the mobile phase with 

the flow rate of 1.0 mL/min on the Gemini C18 column (250 × 4.6 mm, 5ml, Phenomenex). The LC-MS system 

was controlled by HyStar software and the area% value of chemical constitutes P[M+1]+, p-Cl-BP[M+Cl] +, and 

p-EtO-BP [M+OEt] + were calculated based on the UV absorption areas according to MS signals at the wave 

length of 254 nm in all reaction. 
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Table 6 Retention time and low-resolution mass results of products in reductive halogenationa 

Products NHOHP p-MeOP P p-EtOP p-i-PrOP 

Structure 

     
Rt (min) 3.2 3.9 4.4 4.6 5.0 

Mass, m/z 319/274 333/288 303/258 347/302 361 

Products SM p-ClP p-BrP o-ClP o-BrP 

Structure 

     

Rt (min) 5.4 5.8 6.2 7.0 7.7 

Mass, m/z 333 337/292 381/336 337/292 381/336 

aNHOHP, o-ClP were neglected due to <5 (area %) under 254 nm in LC, p-i-PrOP related experiment was not shown in the paper.  
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LC and GC Report of compound 1c under reductive-halogenation condition.  

1c Scheme 

 

 

 
 

Name 2c 3c 4c’ 

Extract mass 235.0222 201.0612 245.0874 

LC-RT 5.83 min 4.87 min 5.02 min 

GC-RT 11.7 min 10.5 min 12.0 min 

 

 
 

 

 

 

 

 

 

 

 

 

2c 

3c 

4c’ 
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2c 

3c 

4c’ 
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LC Report of compound 1d under reduction-halogenation condition.  

1d Scheme 

 
 

Name 2d 3d 4d’ 

Extract mass 249.0379 215.0769 259.1031 

LC-RT 7.04 min 5.66 min 6.34 min 

GC-RT ND ND ND 

 

 
 

  

2d 

3d 4d’ 



S122 

 

LC Report of compound 1e under reduction-halogenation condition.  

1e Scheme 

 
 

Name 2e 3e 4e’ 

Extract mass 253.0128 219.0518 263.0780 

LC-RT 6.61 min 5.37 min 5.55 min 

GC-RT ND ND ND 

 

 
 

  

2e 

3e 

4e’ 
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LC and GC Report of compound 1f under reduction-halogenation condition.  

1f Scheme 

 
 

Name 2f 3f 4f’ 

Extract mass 265.0328 231.0718 275.0980 

LC-RT 5.32 min 3.54 min 4.61 min 

GC-RT 14.45 min 13.12 min 14.22 min 

 

 

2f 

3f 

4f’ 
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2f 

4f’ 

3f 
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LC and GC Report of compound 1g under reduction-halogenation condition.  

1g Scheme 

 
 

Name 2g 3g 4g’ 

Extract mass 303.0096 269.0486 313.0748 

LC-RT 6.94 min 5.82 min 5.56 min 

GC-RT 12.8 min 11.5 min 12.3 min 

 

 

2g 

3fg

 
 11-a 

4g’

 
 11-a 
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4g’
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LC Report of compound 1h under reduction-halogenation condition.  

1h Scheme 

 
 

Name 2h 3h 4h’ 

Extract mass 278.0644 244.1034 288.1296 

LC-RT 5.64 min 6.66 min 5.95 min 

GC-RT ND ND ND 

 

 
 

  

2h 

3h 

4h’ 
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GC Report of compound 1i under reduction-halogenation condition.  

1i Scheme 

 
 

Name 2i 3i 4i’ 

Extract mass 249.0379 215.0769 259.1031 

LC-RT ND ND ND 

GC-RT 13.69 min 12.02 min 13.45 min 

 

 
  

 

 

 

2i 

3i 

4i’ 
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GC Report of compound 1j under reduction-halogenation condition.  

1j Scheme 

 
 

Name 2j 3j 4j’ 

Extract mass 265.0328 231.0718 275.0980 

LC-RT ND ND ND 

GC-RT ND 12.74 min ND 

 

 
  

3j 
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GC Report of compound 1k under reduction-halogenation condition.  

1k Scheme 

 
 

Name 2k 3k 4k’ 

Extract mass 279.0121 245.0510 289.0773 

LC-RT ND ND ND 

GC-RT ND 13.90 min ND 

 

  

15-b 

3k 
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LC and GC Report of compound 1l under reduction-halogenation condition.  

1l Scheme 

 
 

Name 2l 3l 4l’ 

Extract mass 201.0379 167.0769 211.1031 

LC-RT 6.55 min 4.90 min 4.67 min 

GC-RT 10.46 min 8.87 min 10.90 min 

 

 

3l 

2l 

4l’ 
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3l 

2l 

4l’ 
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LC and GC Report of compound 1m under reduction-halogenation condition.  

1m Scheme 

 
 

Name 2m 3m 4m’ 

Extract mass 215.0535 181.0925 225.1187 

LC-RT 6.01 min 4.04 min 2.47 min 

GC-RT 11.12 min 9.64 min 11.27 min 

 

 

3m 

2m 

4m’ 
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2m 

4m’ 
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LC and GC Report of compound 1n under reduction-halogenation condition.  

1n Scheme 

 
 

Name 2n 3n 4n’ 

Extract mass 219.0285 185.0674 229.0937 

LC-RT 5.85 min 4.84 min 4.31 min 

GC-RT 10.46 min 8.87 min 10.90 min 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

3n 

2n 

4n’ 
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GC Report of compound 1o under reduction-halogenation condition.  

1o Scheme 

 
 

Name 2o 3o 4o’ 

Extract mass 235.0222 201.0612 245.0874 

LC-RT ND ND ND 

GC-RT ND 12.26 min ND 

 

  

3o 
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LC and GC Report of compound 1p under reduction-halogenation condition.  

1p Scheme 

 
 

Name 2p 3p 4p’ 

Extract mass 303.0096 269.0486 313.0748 

LC-RT ND ND ND 

GC-RT ND 11.98 min ND 

 

 
  

3p 
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LC and GC Report of compound 1q under reduction-halogenation condition.  

1q Scheme 

 

 
 

Name 2q 3q 4q’ 

Extract mass 219.0451 185.0841 229.1103 

LC-RT 4.84 min 4.16 min 3.83 min 

GC-RT 10.64 min 9.40 min 11.00 min 

 

   
 

3q 

2q 

4q’ 
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LC and GC Report of compound 1r under reduction-halogenation condition.  

1r Scheme 

 
 

Name 2r 3r 

LC-RT 1.04 min 0.74 min 

MH+(m/z) 234, 236 200 
 

Mobile phase: 60% ACN in 0.5% TFA 

Column: Phenyl-Hexyl 
 

 
 

 

Purified 2r: [M+H]+ = 234, 236 
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Purified 3r: [M+H]+ = 200 
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LC and GC Report of compound 1s under reduction-halogenation condition.  

1s Scheme 

 

 
 

Name 2s 3s 4s’ 

MH+(m/z) 238, 240 204 248 

LC-RT 5.09 min 2.33 min 1.19, 3.47 min 

Peal area % 32 45 2.8, 2.9 
 

Mobile phase: 40% ACN in 0.5% TFA 

Column: Phenyl-Hexyl, 2.1  100 mm 

Flow rate: 0.4 mL/min 

UV: 254 nm 

 

 
 

Crude reaction mixture contained compounds 2s and 3s. 
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Purified 2s: [M+H]+ = 238, 240 
 

 

 

 

 

 
 

Purified 3s: [M+H]+ = 204 
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LC and GC Report of compound 1s under reduction-halogenation condition.  

1t Scheme 

 

 
 

Name 2t 3t 4t’ 

Extract mass 282.9667 249.0057 293.0319 

LC-RT 5.87 min 4.58 min 2.99 min 

GC-RT 13.24 min 11.99 min 12.44 min 

 

   

3t 

2t 

4t’ 
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LC and GC Report of compound 1u under reduction-halogenation condition.  

1u Scheme 

 
 

Name 2u 3u 4u’ 

Extract mass 204.9294 170.9684 214.9946 

LC-RT ND ND 4.04 

GC-RT ND ND 6.61 

 

   

4u’ 
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LC and GC Report of compound 1v under reduction-halogenation condition.  

1v Scheme 

 
 

Name 2v 3v 4v’ 

Extract mass 218.9450 184.9840 229.0102 

LC-RT ND 4.24 min 4.62 min 

GC-RT ND 7.68 min 9.42 min 

 

  

3v 

4v’ 
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3v 

4v’ 
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LC and GC Report of compound 1w under reduction-halogenation condition.  

1w Scheme 

 
 

Name 2w 3w 4w’ 

Extract mass 222.9200 188.9589 232.9852 

LC-RT ND ND 3.88 min 

GC-RT ND ND 6.64 min 

 

  

3w 
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