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General Information: Reactions were carried out in oven or flame-dried glassware 

under a nitrogen atmosphere, unless otherwise noted. Tetrahydrofuran (THF) was 

freshly distilled before use from sodium using benzophenone as indicator. 

Dichloromethane was freshly distilled before use from calcium hydride (CaH2). All other 

anhydrous solvents were dried over 3Å or 4Å molecular sieves. Solvents used in 

workup, extraction and column chromatography were used as received from 

commercial suppliers without prior purification. Reactions were magnetically stirred 

and monitored by thin layer chromatography (TLC, 0.25 mm) on Liangchen pre-coated 

silica gel plates. Flash chromatography was performed with silica gel 60 (particle size 

0.040 – 0.062 mm) supplied by Liangchen. Infrared spectra were collected on a Bruker 

model TENSOR27 spectrophotometer. 1H and 13C NMR spectra were recorded on a 

Bruker AVIII-400 spectrometer (400 MHz for 1H, 100 MHz for 13C, 376 MHz for 19F). 

Chemical shifts are reported in parts per million (ppm) as values relative to the internal 

chloroform (7.26 ppm for 1H and 77.16 ppm for 13C) or DMSO (2.50 ppm for 1H and 

39.52 ppm for 13C). Abbreviations for signal coupling are as follows: s, singlet; d, 

doublet; t, triplet; q, quartet; m, multiplet; br, broad peak. Optical rotations were 

measured on a JASCO Perkin-Elmer model P-2000 polarimeter. High resolution mass 

spectra were measured at Keecloud Mass Spectrometry Service Company on either 

an Thermo Scientific LTQ Orbitrap XL system or a Bruker solariX System. Melting point 

was recorded on a Laboratory Devices model MEL-TEMP II melting point apparatus. 

The aldehyde substrates and (chiral) amines were purchased from Aldrich or J&K 

Scientific.  
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Preparation of Primary Amide Substrates 



The amide substrates are known compounds. Most of them are purchased from 

Aldrich or J&K Scientific directly. 1ac-1ad were prepared following the related 

procedures. Analytical data (1H NMR and 13C NMR) matches with the literature.  

Preparation of N-Chlorobenzamide (2a) 

To a stirred solution of benzamide (36 mg, 0.3 mmol) in the MeCN/H2O (10/1, 1.1 

mL) at 0 ℃ were added KCl (34 mg, 0.45 mmol) and Oxone (138 mg, 0.45 mmol). 

After completion of the addition, the resulting mixture was stirred for 10 min before 

warmed to room temperature and stirred for an additional 4 h. When the aromatic 

amide substrate was fully consumed as determined by TLC analysis, the mixture was 

quenched by addition of water (5 mL). The aqueous mixture was extracted with EA (3 

X 10 mL). The combined organic fractions were washed with brine, dried over Na2SO4, 

and concentrated under reduced pressure. The residue was purified by flash column 

chromatography on silica gel using eluents (petroleum ether/ethyl acetate = 10/1) to 

provide the desired compound 2a (38 mg, 81% yield) as an off-white solid. 

1H NMR (400 MHz, CDCl3) δ: 8.19 (s, br), 7.80-7.77 (m, 2H), 7.54-7.50 

(m, 1H), 7.42-7.39 (m, 2H). 13C NMR (100 MHz, CDCl3) δ: 167.5, 132.6, 

131.9, 128.9 (2×C), 127.8 (2×C). 

Oxone-KCl Halogenation of Primary Amides for Hofmann Rearrangement  

General Procedure A: To a stirred solution of aromatic amide substrate (0.3 mmol) in 

the MeCN/H2O (10/1, 1.1 mL) at 0 ℃ were added KCl (34 mg, 0.45 mmol) and Oxone 

(138 mg, 0.45 mmol). After completion of the addition, the resulting mixture was stirred 

for 10 min before warmed to room temperature and stirred for an additional 2 h. When 

the aromatic amide substrate was fully consumed as determined by TLC analysis, 

methanol (0.6 mL) and NaOH (18 mg, 0.45 mmol) was added sequentially. The mixture 

was allowed to be stirred for 5 hrs and quenched by addition of sat. aq. Na2SO3 (5 mL). 

The volatiles (mainly methanol and MeCN) was removed under reduced pressure and 

the aqueous mixture was extracted with EA (3 X 10 mL). The combined organic 

fractions were washed with brine, dried over Na2SO4, and concentrated under reduced 

pressure. The residue was purified by flash column chromatography on silica gel using 

eluents (petroleum ether/ethyl acetate = 10/1) to provide the desired compound 3. 

Urethylane anthranilate. 24 mg, 38% yield; white solid. 1H NMR 

(400 MHz, CDCl3) δ: 10.5 (br, 1H), 8.42 (dd, J = 8.4, 0.4 Hz, 1H), 

8.00 (dd, J = 8.4, 1.6 Hz, 1H), 7.55-7.51 (m, 1H), 7.04-7.00 (m, 

1H), 3.91 (s, 3H), 3.78 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 

168.6, 154.2, 141.9, 134.7, 131.0, 121.7, 118.9, 114.6, 52.4. 



3a. 40 mg, 89% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 7.40-

7.37 (m, 2H), 7.33-7.28 (m, 2H), 7.09-7.04 (m, 1H), 6.70 (br, s), 3.78 

(s, 3H). 13C NMR (100 MHz, CDCl3) δ: 154.2, 137.9, 129.2 (2×C), 

123.6 (2×C), 118.8, 52.5. 

3c. 41 mg, 83% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 

7.26 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 6.62 (br, 1H), 

3.76 (s, 3H), 2.30 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 154.3, 

135.3, 133.2, 129.7 (2×C), 118.9 (2×C), 52.4, 20.9. 

3d. 59 mg, 84% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 

7.40 (d, J = 8.8 Hz, 2H), 7.15 (d, J = 8.8 Hz, 2H), 6.89 (br, 1H), 

3.77 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 154.2, 144.9, 136.7, 

122.0 (2×C), 120.6 (q, J = 255 Hz), 119.9 (2×C), 52.6. 

3e. 44 mg, 87% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 

7.36-7.30 (m, 2H), 7.02-6.96 (m, 2H), 6.78 (br, 1H), 3.76 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ: 159.1 (d, J = 241 Hz), 154.4, 133.9, 

120.6 (2×C), 115.8 (d, J = 23 Hz, 2×C), 52.5. 

3f. 46 mg, 83% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 

7.36-7.33 (m, 2H), 7.28-7.25 (m, 2H), 6.77 (br, 1H), 3.78 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ: 154.1, 136.6, 129.1 (2×C), 128.5, 

120.0 (2×C), 52.6. 

3g. 58 mg, 84% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 

7.40 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 8.8 Hz, 2H), 6.79 (br, 1H), 

3.76 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 154.0, 137.1, 132.1 

(2×C), 120.3 (2×C), 116.0, 52.6. 

3h. 49 mg, 75% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 

7.55 (d, J = 8.8 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 6.93 (br, 1H), 

3.79 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 153.8, 141.1, 126.5 

(q, J = 3.4 Hz, 2×C), 125.3 (q, J = 33 Hz), 124.3 (q, J = 270 Hz), 

118.2 (2×C), 52.8. 

3i. 34 mg, 58% yield; yellowish solid. 1H NMR (400 MHz, CDCl3) 

δ: 8.20 (d, J = 9.2 Hz, 2H), 7.56 (d, J = 9.2 Hz, 2H), 7.04 (br, 1H), 

3.82 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 153.4, 144.0, 143.1, 

125.4 (2×C), 117.8 (2×C), 53.1. 

3j. 40 mg, 81% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 

7.23 (s, 1H), 7.21-7.17 (m, 2H), 6.89-6.87 (m, 1H), 6.70 (br, 1H), 

3.77 (s, 3H), 2.33 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 154.2, 

139.1, 137.8, 129.0, 124.4, 119.4, 115.9, 52.4, 21.6. 



3k. 56.5 mg, 80% yield; white solid. m.p. = 79-81 ℃. 1H NMR 

(400 MHz, CDCl3) δ: 7.43 (s, 1H), 7.31-7.22 (m, 2H), 6.97 (br, 

1H), 6.92-6.89 (m, 1H), 3.78 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ: 154.0, 149.8 (q, J = 1.9 Hz), 139.5, 130.2, 120.5 (q, J = 256 

Hz), 116.8, 115.6, 111.5, 52.7. 19F NMR (376 MHz, CDCl3) δ: -57.8 (3×F). HRMS (ESI) 

m/z calculated for C9H9O3NF3
+ [M+H]+ 236.0529, found 236.0530. 

3l. 42 mg, 83% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 

7.35 (d, J = 10.8 Hz, 1H), 7.25 (td, J = 8.4, 6.8 Hz, 1H), 7.05 (d, J 

= 8.4 Hz, 1H), 6.86 (br, 1H), 6.78 (tdd, J = 8.4, 2.4, 0.8 Hz, 1H), 

3.80 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 163.3 (d, J = 243 Hz), 

153.9, 139.6 (d, J = 11 Hz), 130.3 (d, J = 9.5 Hz), 114.0, 110.2 (d, J = 21 Hz), 106.2 

(d, J = 26 Hz), 52.6. 

3m. 42 mg, 76% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 

7.50 (s, 1H), 7.22-7.18 (m, 2H), 7.04-7.01 (m, 1H), 6.81 (br, 1H), 

3.77 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 153.9, 139.2, 134.8, 

130.1, 123.6, 118.8, 116.7, 52.6. 

3n. 54.5 mg, 83% yield; white solid. 1H NMR (400 MHz, CDCl3) 

δ: 7.71 (s, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.40 (t, J = 8.0 Hz, 1H), 

7.31 (d, J = 8.0 Hz, 1H), 6.96 (br, 1H), 3.79 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ: 154.1, 138.6, 131.6 (q, J = 32 Hz), 129.7, 124.0 

(q, J = 271 Hz), 121.7, 120.1 (q, J = 3.7 Hz), 115.4, 52.7. 

3o. 41 mg, 82% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 7.76 

(br, 1H), 7.21 (t, J = 8.0 Hz, 1H), 7.16 (d, J = 7.2 Hz, 1H), 7.04 (t, J = 

7.2 Hz, 1H), 6.46 (s, 1H), 3.78 (s, 3H), 2.25 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ: 154.5, 135.9, 130.5 (2×C), 127.0, 124.3, 121.3, 52.5, 

17.7. 

3p. 54 mg, 76% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 8.19 

(d, J = 7.6 Hz, 1H), 7.30-7.22 (m, 2H), 7.07-7.03 (m, 1H), 6.96 (br, 

1H), 3.80 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 153.7, 137.8, 130.8, 

127.7, 123.4, 120.7 (q, J = 258 Hz), 120.5 (q, J = 1.0 Hz), 120.4, 52.7. 

3q. 39.5 mg, 78% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ: 

8.13-8.03 (m, 1H), 7.14-6.96 (m, 3H), 6.89 (br, 1H), 3.79(s, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 153.8, 152.2 (d, J = 241 Hz), 126.5 (d, J = 

10 Hz), 124.7 (d, J = 3.7 Hz), 123.5 (d, J = 7.2 Hz), 120.3, 114.9 (d, J 

= 18.9 Hz), 52.7. 19F NMR (376 MHz, CDCl3) δ: -129.9. 

3r. 44.5 mg, 80% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ: 

8.18 (d, J = 8.0 Hz, 1H), 7.36 (dd, J = 8.0, 1.6 Hz, 1H), 7.29 (td, J = 

8.0, 1.2 Hz, 1H), 7.18 (br, 1H), 7.01 (td, J = 8.0, 1.6 Hz, 1H), 3.82 (s, 



3H). 13C NMR (100 MHz, CDCl3) δ: 153.8, 134.8, 129.2, 127.9, 123.8, 122.2, 120.0, 

52.7. 

3s. 51 mg, 77% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 8.12 

(d, J = 8.0 Hz, 1H), 7.58-7.82 (m, 2H), 7.17 (t, J = 8.0 Hz, 1H), 6.95 

(br, 1H), 3.80 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 154.0, 135.7, 

133.1, 126.2 (q, J = 5.3 Hz), 124.2 (q, J = 271 Hz), 123.6, 122.6, 119.3 

(q, J = 28.5 Hz), 52.8. 19F NMR (376 MHz, CDCl3) δ: -60.8 (3×F). 

3t. 42 mg, 63% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 

10.51 (br, 1H), 8.42 (dd, J = 8.4, 0.8 Hz, 1H), 8.00 (dd, J = 8.4, 

1.6 Hz, 1H), 7.53 (ddd, J = 8.4, 7.6, 1.6 Hz, 1H), 7.04-7.00 (m, 

1H), 3.91 (s, 3H), 3.78 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 

168.6, 154.2, 141.9, 134.7, 131.0, 121.7, 118.9, 114.6, 52.4 

(2×C). 

3u. 49 mg, 53% yield; colorless oil. 1H NMR (400 MHz, CDCl3) 

δ: 8.69 (br, 1H), 7.40-7.33(m, 6H), 7.21-7.12 (m, 3H), 3.68 (s, 

3H), 2.29 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 156.2, 153.4, 

153.2, 138.5, 138.0, 131.1, 129.8, 129.3 (2×C), 128.9, 128.3, 

127.2, 126.1, 128.8 (2×C), 52.8, 21.4. HRMS (ESI) m/z 

calculated for C17H17O2N4
+ [M+H]+ 309.1346, found 309.1344.  

General Procedure B: To a stirred solution of aliphatic amide substrate (0.3 mmol) in 

the MeCN/H2O (10/1, 1.1 mL) at 0 ℃ were added KCl (34 mg, 0.45 mmol) and Oxone 

(138 mg, 0.45 mmol). After completion of the addition, the resulting mixture was stirred 

for 10 min before warmed to room temperature and stirred for an additional 2 h. When 

the aromatic amide substrate was fully consumed as determined by TLC analysis, 

methanol (1.5 mL) and Cs2CO3 (147 mg, 0.45 mmol) was added sequentially. The 

mixture was allowed to be stirred for 5 hrs and quenched by addition of sat. aq. Na2SO3 

(5 mL). Voletiles (mainly methanol and MeCN) was removed under reduced pressure 

and the aqueous mixture was extracted with EA (3 X 10 mL). The combined organic 

fractions were washed with brine, dried over Na2SO4, and concentrated under reduced 

pressure. The residue was purified by flash column chromatography on silica gel using 

eluents (petroleum ether/ethyl acetate = 10/1) to provide the desired compound 3. 

3b. 44 mg, 89% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 7.37-

7.27 (m, 5H), 5.18 (br, 1H), 4.38 (d, J = 6.0 Hz, 2H), 3.71 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 157.2, 138.6, 128.7 (2×C), 127.6, 127.5 

(2×C), 52.3, 45.1. 

3v. 60 mg, 87% yield; white solid. m.p. = 49-51 ℃. 1H NMR (400 

MHz, CDCl3) δ: 4.71 (br, 1H), 3.64 (s, 3H), 3.15 (q, J = 6.8 Hz, 2H), 

1.50-1.43 (m, 2H), 1.30-1.23 (m, 16H), 0.86 (t, J = 6.8 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 157.2, 52.1, 41.2, 32.0, 30.1, 29.7 (2×C), 



29.6, 29.5, 29.4, 26.8, 22.8, 14.2. HRMS (ESI) m/z calculated for C13H28O2N+ [M+H]+ 

230.2115, found 230.2116. 

3w. 83 mg, 88% yield; white solid. m.p. = 51-53 ℃. 1H NMR (400 

MHz, CDCl3) δ: 4.71 (br, 1H), 3.64 (s, 3H), 3.14 (q, J = 6.8 Hz, 2H), 

1.48-1.23 (m, 30H), 0.86 (t, J = 6.8 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 157.2, 52.1, 41.2, 32.0, 30.1, 29.81 (2×C), 29.79 (2×C), 

29.78 (2×C), 29.76, 29.7, 29.6, 29.5, 29.4, 26.8, 22.8, 14.2. HRMS (ESI) m/z calculated 

for C19H40O2N+ [M+H]+ 314.3054, found 314.3049. 

3x. 46 mg, 86% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ: 

7.33-7.29 (m, 2H), 7.25-7.18 (m, 3H), 4.71 (br, 1H), 3.65 (s, 3H), 

3.42 (q, J = 6.8 Hz, 2H), 2.81 (t, J = 6.8 Hz, 2H). 13C NMR (100 MHz, 

CDCl3) δ: 157.1, 138.9, 128.9 (2×C), 128.8 (2×C), 126.6, 52.2, 42.3, 

36.3.  

3y. 34.5 mg, 79% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ: 

4.49 (br, 1H), 3.70-3.64 (m, 1H), 3.63 (s, 3H), 1.41-1.27 (m, 4H), 1.11 

(d, J = 6.4 Hz, 3H), 0.89 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 156.6, 51.9, 46.9, 39.5, 21.4, 19.3, 14.0. HRMS (ESI) m/z 

calculated for C7H16O2N+ [M+H]+ 146.1176, found 146.1177. 

3z. 46 mg, 88% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ: 

4.45 (br, 1H), 3.63 (s, 3H), 3.54-3.47 (m, 1H), 1.54-1.24 (m, 8H), 

0.89-0.85 (m, 6H). 13C NMR (100 MHz, CDCl3) δ: 157.0, 52.7, 52.0, 

34.7, 28.2, 28.1, 22.7, 14.1, 10.2. 

3aa. 33 mg, 76% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ: 

4.66 (br, 1H), 3.97-3.95 (m, 1H), 3.63 (s, 3H), 1.97-1.89 (m, 2H), 1.69-

1.52 (m, 4H), 1.41-1.33 (m, 2H). 13C NMR (100 MHz, CDCl3) δ: 156.7, 

52.9, 52.0, 33.3 (2×C), 23.6 (2×C). 

3ab. 37 mg, 78% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 4.64 

(br, 1H), 3.62 (s, 3H), 3.49-3.41 (m, 1H), 1.92-1.88 (m, 2H), 1.70-1.64 

(m, 2H), 1.59-1.54 (m, 1H), 1.36-1.23 (m, 2H), 1.18-1.05 (m, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 156.3, 51.9, 49.9, 33.5, 25.6 (2×C), 24.9 

(2×C).  

3ac. 50 mg, 84% yield; colorless oil. 1H NMR (400 MHz, CDCl3) 

δ: 4.57 (br, 1H), 3.62 (s, 3H), 3.43-3.23 (m, 1H), 2.03-1.94 (m, 

2H), 1.74-1.67 (m, 2H), 1.46-1.34 (m, 1H), 1.10-0.95 (m, 5H), 

0.83 (d, J = 6.8 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ: 156.4, 

51.9, 50.5, 43.3, 33.7, 32.6 (2×C), 28.5 (2×C), 20.0 (2×C).  



3ad. 24.5 mg, 56% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ: 

4.53 (br, 1H), 3.60 (s, 3H), 1.65 (q, J = 7.6 Hz, 2H), 1.26 (s, 6H), 0.85 

(t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 155.5, 53.0, 51.5, 

33.2, 29.8, 26.7, 8.5. HRMS (ESI) m/z calculated for C7H16O2N+ 

[M+H]+ 146.1176, found 146.1176. 

3ae. 45 mg, 72% yield; white solid. 1H NMR (400 MHz, CDCl3) δ: 4.55 

(br, 1H), 3.58 (s, 3H), 2.05 (s, 3H), 1.90 (d, J = 1.6 Hz, 6H), 1.64 (t, J = 

3.2 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ: 155.1, 51.4, 50.7, 41.9 (3×C), 

36.4 (3×C), 29.5 (3×C).   

The Screening of Solvents  

Many solvents were applied to the oxidation of aldehydes for Curtius 

rearrangements. The results were summarized in Table 1. We found that PhCF3 

outperformed other solvents (except CCl4) to secure the best yield. Octafluorotoluene 

is much more expensive than PhCF3. 

 

Entry Solvent Yield (%) 

1 CHCl3 68 

2 CH2Cl2 57 

3 CCl4 76 

4 pentane 50 

5 hexane 46 

6 heptane 33 

7 octane 27 

8 nonane 26 

9 decane 20 

10 petroleum ether (60-90) 26 

11 naphthane 38 

12 cyclohexane 45 

13 Methylcyclohexane 46 

14 Ethylcyclohexane 45 

15 toluene 53 

16 cumene 21 

17 DMF 0 

18 THF 0 



19 MeCN 0 

20 ethyl acetate 0 

21 ether 0 

22 1,4-dioxane 0 

23 anisole 0 

24 isopropanol 0 

25 tBuOH 0 

26 methanol 0 

27 ethanol 0 

28 CF3CH2OH 38 

29 perfluorohexane 58 

30 perfluorobenzene 65 

31 PhCF3 71 

32 octafluorotoluene 71 

aCondition: to a solution of 4f (0.3 mmol) in the solvent (3 mL, ACS grade and used as received) at rt were 

added KBr (0.45 mmol), Oxone (0.45 mmol) and NaN3 (0.6 mmol). After stirring for 24 hrs, the reaction 

mixture was filtered and the filtrate was concentrated. The residue was dissolved in dry toluene/MeOH 

[10:1 (v/v), 3.3 mL] and stirred at 100 ℃ for 2 hrs. The reaction progress was monitored by TLC. 

Oxone-KBr Mediated Azidation of Aldehydes for Curtius Rearrangement 

General Procedure C: To a stirred solution of aromatic aldehyde substrate (0.3 mmol) 

in the PhCF3 (analytical grade, 3.0 mL) or CCl4 (analytical grade, 3.0 mL) at 0 ℃ were 

added KBr (54 mg, 0.45 mmol) and Oxone (166 mg, 0.54 mmol) and stirred for 5 min. 

Then sodium azide (49 mg, 0.75 mmol or 43 mg, 0.66 mmol) was added. After the 

completion of the addition, the resulting mixture was stirred for 5 min before warmed 

to room temperature and vigorously stirred for an additional 24-36 h. When the 

aromatic aldehyde substrate was fully consumed as determined by TLC analysis, the 

mixture was filtered through a pad of celite. The filtrate was concentrated under 

reduced pressure and the residue was used for the next step without further purification. 

An oven-dried pressure tube under nitrogen atmosphere was charged with the residue 

and dry toluene (3 mL) and MeOH (0.3 mL). The reaction mixture was heated to 100°C 

for 2 hours and then cooled to room temperature. The solvent (toluene and methanol) 

was removed under reduced pressure and the residue was purified by flash 

chromatography on silica gel using eluents (petroleum ether/ethyl acetate = 10/1) to 

provide the desired compound 3. 

3a. 38.5 mg, 85% yield (PhCF3); 40 mg, 89% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.40-7.37 (m, 2H), 7.33-7.28 (m, 2H), 

7.09-7.04 (m, 1H), 6.70 (br, s), 3.78 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 154.2, 137.9, 129.2 (2×C), 123.6 (2×C), 118.8, 52.5. 



3c. 41 mg, 83% yield (PhCF3); 37.5 mg, 76% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.26 (d, J = 8.4 Hz, 2H), 7.11 

(d, J = 8.4 Hz, 2H), 6.62 (br, 1H), 3.76 (s, 3H), 2.30 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 154.3, 135.3, 133.2, 129.7 (2×C), 

118.9 (2×C), 52.4, 20.9. 

3e. 36 mg, 71% yield (PhCF3); 39.5 mg, 78% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.36-7.30 (m, 2H), 7.02-6.96 

(m, 2H), 6.78 (br, 1H), 3.76 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 

159.1 (d, J = 241 Hz), 154.4, 133.9, 120.6 (2×C), 115.8 (d, J = 23 

Hz, 2×C), 52.5. 

3f. 45.5 mg, 82% yield (PhCF3); 48 mg, 86% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.36-7.33 (m, 2H), 7.28-7.25 

(m, 2H), 6.77 (br, 1H), 3.78 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 

154.1, 136.6, 129.1 (2×C), 128.5, 120.0 (2×C), 52.6. 

3g. 50.5 mg, 73% yield (PhCF3); 57.5 mg, 83% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.40 (d, J = 8.8 Hz, 2H), 7.28 

(d, J = 8.8 Hz, 2H), 6.79 (br, 1H), 3.76 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 154.0, 137.1, 132.1 (2×C), 120.3 (2×C), 116.0, 52.6. 

3h. 45 mg, 68% yield (PhCF3); 50 mg, 76% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.55 (d, J = 8.8 Hz, 2H), 7.50 

(d, J = 8.8 Hz, 2H), 6.93 (br, 1H), 3.79 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ: 153.8, 141.1, 126.5 (q, J = 3.4 Hz, 2×C), 125.3 

(q, J = 33 Hz), 124.3 (q, J = 270 Hz), 118.2 (2×C), 52.8. 

3i. 39 mg, 66% yield (PhCF3); 34 mg, 58% yield (CCl4); yellowish 

solid. 1H NMR (400 MHz, CDCl3) δ: 8.20 (d, J = 9.2 Hz, 2H), 7.56 

(d, J = 9.2 Hz, 2H), 7.04 (br, 1H), 3.82 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ: 153.4, 144.0, 143.1, 125.4 (2×C), 117.8 (2×C), 

53.1. 

3j. 39 mg, 79% yield (PhCF3); 38 mg, 77% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.23 (s, 1H), 7.21-7.17 (m, 2H), 

6.89-6.87 (m, 1H), 6.70 (br, 1H), 3.77 (s, 3H), 2.33 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ: 154.2, 139.1, 137.8, 129.0, 124.4, 

119.4, 115.9, 52.4, 21.6. 

3l. 40 mg, 79% yield (PhCF3); 39 mg, 77% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.35 (d, J = 10.8 Hz, 1H), 7.25 (td, J 

= 8.4, 6.8 Hz, 1H), 7.05 (d, J = 8.4 Hz, 1H), 6.86 (br, 1H), 6.78 (tdd, 

J = 8.4, 2.4, 0.8 Hz, 1H), 3.80 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ: 163.3 (d, J = 243 Hz), 153.9, 139.6 (d, J = 11 Hz), 130.3 (d, J = 9.5 Hz), 114.0, 110.2 

(d, J = 21 Hz), 106.2 (d, J = 26 Hz), 52.6. 



3m. 43.5 mg, 78% yield (PhCF3); 48 mg, 86% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.50 (s, 1H), 7.22-7.18 (m, 

2H), 7.04-7.01 (m, 1H), 6.81 (br, 1H), 3.77 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ: 153.9, 139.2, 134.8, 130.1, 123.6, 118.8, 116.7, 

52.6. 

3n. 58 mg, 88% yield (PhCF3); 50.5 mg, 77% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.71 (s, 1H), 7.56 (d, J = 8.0 

Hz, 1H), 7.40 (t, J = 8.0 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 6.96 

(br, 1H), 3.79 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 154.1, 138.6, 

131.6 (q, J = 32 Hz), 129.7, 124.0 (q, J = 271 Hz), 121.7, 120.1 (q, J = 3.7 Hz), 115.4, 

52.7. 

3q. 0 mg, 0% yield (PhCF3); 27 mg, 53% yield (CCl4); colorless oil. 1H 

NMR (400 MHz, CDCl3) δ: 8.13-8.03 (m, 1H), 7.14-6.96 (m, 3H), 6.89 

(br, 1H), 3.79(s, 3H). 13C NMR (100 MHz, CDCl3) δ: 153.8, 152.2 (d, 

J = 241 Hz), 126.5 (d, J = 10 Hz), 124.7 (d, J = 3.7 Hz), 123.5 (d, J = 

7.2 Hz), 120.3, 114.9 (d, J = 18.9 Hz), 52.7. 19F NMR (376 MHz, CDCl3) δ: -129.9. 

3af. 49 mg, 79% yield (PhCF3); 48.5 mg, 78% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.32 (s, 4H), 6.74 (br, 1H), 

3.77 (s, 3H), 1.31 (s, 9H). 13C NMR (100 MHz, CDCl3) δ: 154.3, 

146.5, 135.3, 126.0 (2×C), 118.6 (2×C), 52.4, 34.4, 31.5 (3×C).  

3ag. 33.5 mg, 62% yield (PhCF3); 44.5 mg, 82% yield (CCl4); 

white solid. 1H NMR (400 MHz, CDCl3) δ: 7.28 (d, J = 8.8 Hz, 

2H), 6.84 (d, J = 8.8 Hz, 2H), 6.66 (br, 1H), 3.78 (s, 3H), 3.75 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ: 156.0, 155.0, 131.0, 120.8 (2×C), 114.3 (2×C), 

55.6, 52.4. 

3ah. 60 mg, 72% yield (PhCF3); 68 mg, 82% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.57 (d, J = 8.8 Hz, 2H), 7.16 (d, J = 

8.8 Hz, 2H), 6.84 (br, 1H), 3.76 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ: 154.0, 138.0 (2×C), 137.8, 120.6 (2×C), 86.4, 52.6. 

3ai. 35.5 mg, 67% yield (PhCF3); 40 mg, 75% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.58 (d, J = 8.8 Hz, 2H), 7.52 

(d, J = 8.8 Hz, 2H), 7.19 (br, 1H), 3.79 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 153.6, 142.3, 133.4 (2×C), 119.1, 118.4 (2×C), 106.1, 52.9. 

3aj. 54.5 mg, 80% yield (PhCF3); 54 mg, 79% yield (CCl4); 

yellowish solid. 1H NMR (400 MHz, CDCl3) δ: 7.58-7.54 (m, 4H), 

7.47-7.41 (m, 4H), 7.35-7.30 (m, 1H), 6.74 (br, 1H), 3.80 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ: 154.2, 140.6, 137.2, 136.5, 128.9 

(2×C), 127.8 (2×C), 127.2 (2×C), 126.9 (2×C), 119.1, 52.6. 



3ak. 35.5 mg, 65% yield (PhCF3); 46 mg, 85% yield (CCl4); 

yellowish solid. 1H NMR (400 MHz, CDCl3) δ: 7.18 (t, J = 8.4 Hz, 

1H), 7.12 (s, 1H), 6.86 (dd, J = 8.4, 1.2 Hz, 1H), 6.78 (br, 1H), 

6.61 (ddd, J = 8.4, 2.4, 0.8 Hz, 1H), 3.79 (s, 3H), 3.76 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 160.3, 154.1, 139.2, 129.8, 110.9, 109.3, 104.4, 55.4, 52.4. 

3al. 59 mg, 85% yield (PhCF3); 57 mg, 82% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.64 (s, 1H), 7.28 (d, J = 7.6 

Hz, 1H), 7.20-7.13 (m, 2H), 6.80 (br, 1H), 3.77 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ: 153.9, 139.3, 130.4, 126.5, 122.8, 121.6, 117.2, 52.7. 

3am. 64 mg, 77% yield (PhCF3); 67 mg, 81% yield (CCl4); white 

solid. m.p. = 66-68 ℃. 1H NMR (400 MHz, CDCl3) δ: 7.79 (s, 1H), 

7.39 (ddd, J = 8.0, 1.6, 0.8 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.01 

(t, J = 8.0 Hz, 1H), 670 (br, 1H), 3.77 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 153.8, 

139.1, 132.6, 130.6, 127.4, 117.9, 94.4, 53.7. HRMS (ESI) m/z calculated for 

C8H9O2NI+ [M+H]+ 277.9673, found 277.9673. 

3an. 34 mg, 58% yield (PhCF3); 35 mg, 59% yield (CCl4); 

yellowish solid. 1H NMR (400 MHz, CDCl3) δ: 8.29 (t, J = 2.0 Hz, 

1H), 7.91 (ddd, J = 8.4, 2.0, 0.8 Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 

7.47 (t, J = 8.4 Hz, 1H), 6.96 (br, 1H), 3.82 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 

153.8, 148.8, 139.2, 130.0, 124.2, 118.2, 113.4, 52.9. 

3ao. 56 mg, 85% yield (PhCF3); 55 mg, 83% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.34 (d, J = 1.2 Hz, 2H), 7.05 

(t, J = 2.0 Hz, 1H), 6.67 (br, 1H), 3.79 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 153.6, 139.8, 135.5 (2×C), 123.5 (2×C), 116.9, 52.9. 

3ap. 67 mg, 72% yield (PhCF3); 75 mg, 81% yield (CCl4); white 

solid. m.p. = 41-43 ℃. 1H NMR (400 MHz, CDCl3) δ: 7.52 (s, 2H), 

7.33 (t, J = 1.6 Hz, 1H), 6.89 (br, 1H), 3.78 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ: 153.7, 140.2, 128.9 (2×C), 123.2 (2×C), 120.2, 

52.9. HRMS (ESI) m/z calculated for C8H8O2NBr2 [M+H]+ 307.8916, found 307.8917. 

3aq. 51 mg, 84% yield (PhCF3); 50 mg, 82% yield (CCl4); white 

solid. m.p. = 88-90 ℃. 1H NMR (400 MHz, CDCl3) δ: 7.56-7.52 (m, 

1H), 7.20-7.17 (m, 1H), 7.05 (t, J = 8.8 Hz, 1H), 6.87 (br, 1H), 3.77 

(s, 3H). 13C NMR (100 MHz, CDCl3) δ: 154.4 (d, J = 243 Hz), 154.2, 134.6, 121.2 (d, J 

= 19 Hz), 121.0, 118.4, 116.7 (d, J = 22 Hz), 52.7. 19F NMR (376 MHz, CDCl3) δ: -

122.1. HRMS (ESI) m/z calculated for C8H8O2NClF [M+H]+ 204.0222, found 

204.0223.9 

3ar. 52 mg, 70% yield (PhCF3); 59 mg, 79% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.41 (dd, J = 8.8, 7.6 Hz, 2H), 

6.96 (dd, J = 8.8, 1.6 Hz, 1H), 6.90 (br, 1H), 3.77 (s, 3H). 13C NMR 



(100 MHz, CDCl3) δ: 159.3 (d, J = 244 Hz), 153.8, 138.8 (d, J = 10 Hz), 133.4 (d, J = 

1.3 Hz), 115.2, 107.2 (d, J = 28 Hz), 102.3 (d, J = 21 Hz), 52.8. 19F NMR (376 MHz, 

CDCl3) δ: -105.4. 

3as. 53 mg, 74% yield (PhCF3); 56 mg, 79% yield (CCl4); white 

solid. m.p. = 68-70 ℃. 1H NMR (400 MHz, CDCl3) δ: 7.66-7.64 

(m, 1H), 7.58-7.55 (m, 1H), 7.13 (t, J = 9.2 Hz, 1H), 6.86 (br, 1H), 

3.78 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 155.7 (d, J = 253 Hz), 154.4, 134.2 (d, J = 

2.0 Hz), 128.7 (d, J = 82 Hz), 124.0, 122.4 (q, J = 270 Hz), 118.6 (qd, J = 33, 14 Hz), 

117.5 (d, J = 22 Hz), 52.7. 19F NMR (376 MHz, CDCl3) δ: -61.7 (d, J = 12 Hz, 3×F), -

121.5. HRMS (ESI) m/z calculated for C9H8O2NF4 [M+H]+ 238.0486, found 238.0486. 

3at. 43.5 mg, 79% yield (PhCF3); 41 mg, 75% yield (CCl4); white 

solid. m.p. = 41-43 ℃. 1H NMR (400 MHz, CDCl3) δ: 7.23-7.19 (m, 

1H), 7.13-7.10 (m, 1H), 6.92 (t, J = 9.2 Hz, 1H), 6.63 (br, 1H), 3.76 

(s, 3H), 2.24 (d, J = 2.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 157.7 (d, J = 240 Hz), 

154.4, 133.5, 125.5 (d, J = 18 Hz), 122.1, 117.8, 115.3 (d, J = 23 Hz), 52.5, 14.8 (d, J 

= 3.1 Hz). 19F NMR (376 MHz, CDCl3) δ: -123.8. HRMS (ESI) m/z calculated for 

C9H11O2NF [M+H]+ 184.0768, found 184.0769. 

3au. 44.5 mg, 83% yield (PhCF3); 43 mg, 80% yield (CCl4); 

yellowish solid. 1H NMR (400 MHz, CDCl3) δ: 7.16-7.04 (m, 3H), 

6.58 (br, 1H), 3.76 (s, 3H), 2.23 (s, 3H), 2.21 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ: 154.3, 137.4, 135.6, 131.9, 130.1, 120.2, 116.3, 52.4, 30.0, 19.2. 

3av. 39 mg, 62% yield (PhCF3); 46 mg, 73% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.17 (br, 1H), 6.78-6.73 (m, 

3H), 3.84 (s, 3H), 3.82 (s, 3H), 3.74 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 154.5, 149.2, 145.3, 131.5, 111.5, 110.7, 103.9, 56.2, 

55.9, 52.4. 

3aw. 22 mg, 47% yield (PhCF3); 31.5 mg, 67% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.34 (br, 1H), 6.86 (d, J = 5.2 Hz, 1H), 

6.81 (dd, J = 5.2, 3.6 Hz, 1H), 6.60 (d, J = 2.4 Hz, 1H), 3.80 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ: 154.2, 139.9, 124.7, 117.7, 112.5, 53.0. 

3ax. 48 mg, 79% yield (PhCF3); 48 mg, 79% yield (CCl4); white 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.99 (s, 1H), 7.77 (d, J = 8.8 

Hz, 2H), 7.76 (d, J = 8.0 Hz, 1H), 7.47-7.37 (m, 3H), 6.91 (br, 1H), 

3.82 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 154.3, 135.4, 134.0, 

130.3, 129.0, 127.7, 127.5, 126.6, 124.8, 119.3, 115.0, 52.6. 

Oxone-KBr Mediated Azidation of Aldehydes to Afford Acyl Azides 

General Procedure D: To a stirred solution of aromatic aldehyde substrate (0.3 mmol) 

in the PhCF3 (analytical grade, 3.0 mL) or CCl4 (analytical grade, 3.0 mL) at 0 ℃ were 

added KBr (54 mg, 0.45 mmol) and Oxone (166 mg, 0.54 mmol) and stirred for 5 min. 



Then sodium azide (49 mg, 0.75 mmol or 43 mg, 0.66 mmol) was added. After the 

completion of the addition, the resulting mixture was vigorously stirred for 5 min before 

warmed to room temperature and stirred for an additional 24-36 h. When the aromatic 

aldehyde substrate was fully consumed as determined by TLC analysis, the mixture 

was filtered through a pad of celite. The filtrate was concentrated under reduced 

pressure and the residue was purified by flash chromatography on silica gel using 

eluents (petroleum ether/ethyl acetate = 50/1) to provide the desired compound 5. 

5a. 37 mg, 84% yield (PhCF3); 38 mg, 86% yield (CCl4); colorless oil. 1H 

NMR (400 MHz, CDCl3) δ: 8.04-8.01 (m, 2H), 7.64-7.60 (m, 1H), 7.48-

7.44 (m, 2H). 13C NMR (100 MHz, CDCl3) δ: 172.7, 134.5, 130.8, 129.6 

(2×C), 128.8 (2×C). 

5b. 32 mg, 66% yield (PhCF3); 34.5 mg, 71% yield (CCl4); colorless 

oil. 1H NMR (400 MHz, CDCl3) δ: 7.92 (d, J = 8.4 Hz, 2H), 7.25 (d, J 

= 8.4 Hz, 2H), 2.42 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 172.5, 

145.6, 129.7 (2×C), 129.5 (2×C), 128.1, 21.9. 

5c. 49 mg, 80% yield (PhCF3); 44.5 mg, 73% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.96 (d, J = 8.8 Hz, 2H), 7.47 (d, J = 8.8 

Hz, 2H), 1.34 (s, 9H). 13C NMR (100 MHz, CDCl3) δ: 172.5, 158.5, 

129.5 (2×C), 128.1, 125.8 (2×C), 35.4, 31.2 (3×C). 

5d. 31 mg, 58% yield (PhCF3); 41 mg, 77% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.97 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 

8.8 Hz, 2H), 3.86 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 171.8, 164.7, 

131.8 (2×C), 123.3, 114.0 (2×C), 55.6. 

5e. 35.5 mg, 72% yield (PhCF3); 36 mg, 73% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 8.08-8.03 (m, 2H), 7.16-7.10 (m, 2H). 13C 

NMR (100 MHz, CDCl3) δ: 171.5, 166.8 (d, J = 255 Hz), 132.3 (d, J = 

9.5 Hz, 2×C), 127.1 (d, J = 2.8 Hz), 116.1 (d, J = 22 Hz, 2×C). 19F NMR (376 MHz, 

CDCl3) δ: -103.0. 

5f. 42.5 mg, 78% yield (PhCF3); 45 mg, 83% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.95 (d, J = 8.8 Hz, 2H), 7.42 (d, J = 8.8 

Hz, 2H). 13C NMR (100 MHz, CDCl3) δ: 171.7, 141.1, 130.9 (2×C), 

129.2, 129.1 (2×C). 

5g. 47 mg, 69% yield (PhCF3); 53 mg, 78% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.88 (d, J = 8.8 Hz, 2H), 7.60 (d, J = 8.8 

Hz, 2H). 13C NMR (100 MHz, CDCl3) δ: 171.9, 132.2 (2×C), 131.0 

(2×C), 129.9, 129.6. 



5h. 61.5 mg, 75% yield (PhCF3); 63 mg, 77% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.82 (d, J = 8.4 Hz, 2H), 7.72 (d, J = 8.4 

Hz, 2H). 13C NMR (100 MHz, CDCl3) δ: 172.2, 138.2 (2×C), 130.8 (2×C), 

130.2, 102.8. 

5i. 53 mg, 82% yield (PhCF3); 44.5 mg, 69% yield (CCl4); colorless 

oil. 1H NMR (400 MHz, CDCl3) δ: 8.14 (d, J = 8.0 Hz, 2H), 7.72 (d, J 

= 8.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ: 171.6, 135.7 (q, J = 32.5 

Hz), 133.8, 130.0 (2×C), 125.9 (q, J = 3.6 Hz, 2×C), 123.6 (q, J = 271 Hz). 19F NMR 

(376 MHz, CDCl3) δ: -63.3 (3×F). 

5j. 34.5 mg, 60% yield (PhCF3); 33 mg, 57% yield (CCl4); yellowish 

solid. 1H NMR (400 MHz, CDCl3) δ: 8.30 (d, J = 9.2 Hz, 2H), 8.20 (d, 

J = 9.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ: 171.0, 151.3, 135.8, 

130.7 (2×C), 123.9 (2×C). 

5k. 36 mg, 70% yield (PhCF3); 34.5 mg, 67% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 8.13 (d, J = 8.8 Hz, 2H), 7.76 (d, J = 8.8 

Hz, 2H). 13C NMR (100 MHz, CDCl3) δ: 171.3, 134.3, 132.6 (2×C), 

130.0 (2×C), 117.8, 117.7. 

5l. 51 mg, 76% yield (PhCF3); 47.5 mg, 71% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 8.10 (d, J = 8.8 Hz, 2H), 7.68 (d, J = 8.8 

Hz, 2H), 7.64-7.61 (m, 2H), 7.51-7.46 (m, 2H), 7.44-7.40 (m, 1H). 13C 

NMR (100 MHz, CDCl3) δ: 172.4, 147.2, 139.7, 130.1 (2×C), 129.5, 

129.1 (2×C), 128.6, 127.4 (4×C). 

5m. 39 mg, 81% yield (PhCF3); 35 mg, 72% yield (CCl4); colorless oil. 

1H NMR (400 MHz, CDCl3) δ: 7.85-7.81 (m, 2H), 7.43 (d, J = 8.0 Hz, 

1H), 7.34 (t, J = 8.0 Hz, 1H), 2.41 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ: 172.8, 138.7, 135.3, 130.7, 130.1, 128.7, 126.8, 21.4. 

5n. 32.5 mg, 61% yield (PhCF3); 43 mg, 81% yield (CCl4); colorless 

oil. 1H NMR (400 MHz, CDCl3) δ: 7.62 (ddd, J = 8.0, 1.6, 1.2 Hz, 1H), 

7.54 (dd, J = 2.4, 1.6 Hz, 1H), 7.36 (t, J = 8.0 Hz, 1H), 7.16 (ddd, J = 

8.0, 2.8, 0.8 Hz, 1H), 3.86 (s, 3H). 13C NMR (100 MHz, CDCl3) δ: 172.6, 159.9, 132.0, 

129.8, 122.1, 121.2, 113.6, 55.6. 

5o. 38.5 mg, 78% yield (PhCF3); 36 mg, 72% yield (CCl4); colorless oil. 

1H NMR (400 MHz, CDCl3) δ: 7.83 (ddd, J = 7.6, 1.6, 1.2 Hz, 1H), 7.71 

(ddd, J = 9.2, 2.4, 1.6 Hz, 1H), 7.45 (td, J = 8.0, 5.6 Hz, 1H), 7.32 (tdd, 

J = 8.4, 2.8, 1.2 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ: 171.6 (d, J = 

3.0 Hz), 162.7 (d, J = 247 Hz), 132.8 (d, J = 7.4 Hz), 130.5 (d, J = 7.6 Hz), 125.3 (d, J 

= 3.2 Hz), 121.5 (d, J = 21 Hz), 116.4 (d, J = 23 Hz). 19F NMR (376 MHz, CDCl3) δ: -

111.6. 



5p. 41 mg, 75% yield (PhCF3); 43.5 mg, 80% yield (CCl4); colorless 

oil. 1H NMR (400 MHz, CDCl3) δ: 8.01 (t, J = 1.6 Hz, 1H), 7.91 (ddd, J 

= 8.0, 1.6, 1.2 Hz, 1H), 7.59 (ddd, J = 8.0, 2.0, 1.2 Hz, 1H), 7.41 (t, J 

= 8.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ: 171.6, 135.1, 134.4, 

132.4, 130.1, 129.6, 127.7. 

5q. 47.5 mg, 70% yield (PhCF3); 52 mg, 77% yield (CCl4); colorless 

oil. 1H NMR (400 MHz, CDCl3) δ: 8.16 (t, J = 1.6 Hz, 1H), 7.95 (dt, J = 

8.0, 1.2 Hz, 1H), 7.74 (ddd, J = 8.0, 2.0, 1.2 Hz, 1H), 7.34 (t, J = 8.0 

Hz, 1H). 13C NMR (100 MHz, CDCl3) δ: 171.4, 137.3, 132.6, 132.5, 

130.4, 128.1, 122.9. 

5r. 66 mg, 81% yield (PhCF3); 62 mg, 76% yield (CCl4); colorless oil. 1H 

NMR (400 MHz, CDCl3) δ: 8.35 (t, J = 1.6 Hz, 1H), 7.98 (ddd, J = 8.0, 

1.6, 1.2 Hz, 1H), 7.93 (ddd, J = 8.0, 1.6, 1.2 Hz, 1H), 7.20 (t, J = 8.0 Hz, 

1H). 13C NMR (100 MHz, CDCl3) δ: 171.2, 143.2, 138.3, 132.5, 130.4, 

128.7, 94.1. 

5s. 50.5 mg, 78% yield (PhCF3); 44 mg, 68% yield (CCl4); colorless 

oil. 1H NMR (400 MHz, CDCl3) δ: 8.29 (s, 1H), 8.22 (d, J = 8.0 Hz, 

1H), 7.88 (dd, J = 8.0, 0.8 Hz, 1H), 7.62 (t, J = 8.0 Hz, 1H). 13C NMR 

(100 MHz, CDCl3) δ: 171.5, 132.7, 131.6, 131.5 (q, J = 33 Hz), 130.9 

(q, J = 3.6 Hz), 129.6, 126.5 (q, J = 3.8 Hz), 123.6 (q, J = 271 Hz). 19F NMR (376 MHz, 

CDCl3) δ: -62.9 (3×F). 

5t. 33.5 mg, 58% yield (PhCF3); 32 mg, 56% yield (CCl4); yellowish 

solid. 1H NMR (400 MHz, CDCl3) δ: 8.86 (t, J = 2.0 Hz, 1H), 8.47 (ddd, 

J = 8.0, 2.4, 1.2 Hz, 1H), 8.36 (dt, J = 8.0, 1.2 Hz, 1H), 7.69 (t, J = 

8.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ: 170.7, 148.5, 135.0, 

132.4, 130.1, 128.7, 124.5. 

5u. 0 mg, 0% yield (PhCF3); 26 mg, 53% yield (CCl4); colorless oil. 1H 

NMR (400 MHz, CDCl3) δ: 7.93 (td, J = 7.6, 2.0 Hz, 1H), 7.61-7.55 (m, 

1H), 7.22 (td, J = 8.0, 1.2 Hz, 1H), 7.16 (ddd, J = 10.8, 8.4, 1.2 Hz, 1H). 

13C NMR (100 MHz, CDCl3) δ: 170.0 (d, J = 4.4 Hz), 162.3 (d, J = 261 Hz), 

136.0 (d, J = 9.2 Hz), 132.0, 124.3 (d, J = 3.8 Hz), 119.2 (d, J = 8.6 Hz), 117.4 (d, J = 

22 Hz). 19F NMR (376 MHz, CDCl3) δ: -131.0. 

5v. 52.5 mg, 81% yield (PhCF3); 50.5 mg, 78% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.89 (d, J = 2.0 Hz, 2H), 7.59 (t, J = 2.0 

Hz). 13C NMR (100 MHz, CDCl3) δ: 170.5, 135.8, 134.1 (2×C), 133.4, 

127.9 (2×C). 

 



5w. 61 mg, 67% yield (PhCF3); 68 mg, 74% yield (CCl4); yellowish 

solid. 1H NMR (400 MHz, CDCl3) δ: 8.08 (d, J = 1.6 Hz, 2H), 7.89 (t, J 

= 1.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ: 170.2, 139.6 (2×C), 

133.8, 131.2 (2×C), 123.5. 

5x. 50 mg, 83% yield (PhCF3); 47 mg, 78% yield (CCl4); colorless oil. 

1H NMR (400 MHz, CDCl3) δ: 8.11 (dd, J = 7.2, 2.0 Hz, 1H), 7.94 (ddd, 

J = 8.8, 4.8, 2.0 Hz, 1H), 7.22 (t, J = 8.8 Hz, 1H). 13C NMR (100 MHz, 

CDCl3) δ: 170.6, 162.1 (d, J = 257 Hz), 132.4, 130.0 (d, J = 8.7 Hz), 128.0 (d, J = 3.5 

Hz), 122.1 (d, J = 18 Hz), 117.2 (d, J = 22 Hz). 19F NMR (376 MHz, CDCl3) δ: -105.3. 

5y. 49 mg, 67% yield (PhCF3); 53 mg, 73% yield (CCl4); colorless oil. 

1H NMR (400 MHz, CDCl3) δ: 7.74 (dd, J = 8.8, 1.6 Hz, 1H), 7.70-7.63 

(m, 2H). 13C NMR (100 MHz, CDCl3) δ: 170.9 (d, J = 2.7 Hz), 159.2 (d, 

J = 248 Hz), 134.2, 131.8 (d, J = 6.7 Hz), 126.1 (d, J = 3.7 Hz), 117.2 (d, J = 24 Hz), 

116.7 (d, J = 21 Hz). 19F NMR (376 MHz, CDCl3) δ: -105.1. 

5z. 45 mg, 64% yield (PhCF3); 50 mg, 71% yield (CCl4); colorless oil. 

1H NMR (400 MHz, CDCl3) δ: 8.32 (dd, J = 6.8, 2.0 Hz, 1H), 8.25 (ddd, 

J = 8.4, 4.8, 2.0 Hz, 1H), 7.30 (t, J = 9.2 Hz, 1H). 13C NMR (100 MHz, 

CDCl3) δ: 170.5, 163.5 (dq, J = 264, 1.6 Hz), 135.6 (d, J = 10 Hz), 129.3 (dq, J = 4.4, 

3.0 Hz), 127.3 (d, J = 3.5 Hz), 122.0 (q, J = 271 Hz), 119.4 (qd, J = 33.8, 13.3 Hz), 

117.8 (d, J = 21 Hz). 19F NMR (376 MHz, CDCl3) δ: -61.8 (d, J = 12.7 Hz, 3×F), -104.6 

(q, J = 12.7 Hz). 

5aa. 42 mg, 78% yield (PhCF3); 39 mg, 72% yield (CCl4); colorless oil. 

1H NMR (400 MHz, CDCl3) δ: 7.90-7.83 (m, 2H), 7.05 (t, J = 8.8 Hz, 

1H), 2.31 (d, J = 2.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 171.7, 

165.4 (d, J = 254 Hz), 133.3 (d, J = 7.0 Hz), 129.6 (d, J = 9.6 Hz), 126.7 (d, J = 3.0 

Hz), 125.8 (d, 18 Hz), 115.6 (d, J = 23 Hz), 14.6 (d, J = 3.5 Hz). 19F NMR (376 MHz, 

CDCl3) δ: -107.1. 

5ab. 42.5 mg, 81% yield (PhCF3); 40 mg, 76% yield (CCl4); yellowish 

solid. 1H NMR (400 MHz, CDCl3) δ: 7.79 (s, 1H), 7.75 (dd, J = 8.0, 1.6 

Hz, 1H), 7.20 (d, J = 8.0 Hz, 1H), 2.32 (s, 3H), 2.30 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ: 172.7, 144.3, 137.3, 130.6, 130.1, 128.4, 127.3, 20.3. 19.8. 

5ac. 36 mg, 58% yield (PhCF3); 42 mg, 68% yield (CCl4); white solid. 

1H NMR (400 MHz, CDCl3) δ: 7.66 (dd, J = 8.4, 2.0 Hz, 1H), 7.50 (d, 

J = 2.0 Hz, 1H), 6.87 (d, J = 8.4 Hz, 1H), 3.94 (s, 3H), 3.92 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ: 171.8, 154.4, 149.0, 124.1, 123.4, 111.5, 110.4, 56.2, 

56.1. 



5ad. 19 mg, 41% yield (PhCF3); 28 mg, 61% yield (CCl4); colorless oil. 1H 

NMR (400 MHz, CDCl3) δ: 7.85 (dd, J = 4.0, 1.2 Hz, 1H), 7.67 (dd, J = 4.8, 

1.2 Hz, 1H), 7.14 (dd, J = 4.8, 4.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ: 

166.8, 135.0, 134.9, 134.6, 128.6. 

5ae. 40 mg, 68% yield (PhCF3); 44 mg, 74% yield (CCl4); colorless 

oil. 1H NMR (400 MHz, CDCl3) δ: 8.60 (s, 1H), 8.03 (dd, J = 8.8, 2.0 

Hz, 1H), 7.96 (dd, J = 8.0, 0.4 Hz, 1H), 7.89 (d, J = 8.8 Hz, 2H), 7.65-

7.54 (m, 2H). 13C NMR (100 MHz, CDCl3) δ: 172.7, 136.3, 132.5, 

131.6, 129.8, 129.1, 128.7, 128.0, 127.9, 127.1, 124.7. 

 

Hofmann Rearrangement with Alcohol/Amine/Amide 

 

Hofmann rearrangement with amine: To a stirred solution of benzamide 1a (37 mg, 

0.3 mmol) in the MeCN/H2O (10/1, 1.1 mL) at 0 ℃ were added KCl (34 mg, 0.45 mmol) 

and Oxone (138 mg, 0.45 mmol). After completion of the addition, the resulting mixture 

was stirred for 10 min before warmed to room temperature and stirred for an additional 

2 h. When the benzamide 1a was fully consumed as determined by TLC analysis, 

ammonia solution (25%, 0.2 mL) or methylamine solution (40%, 0.2 mL) or cyclohexyl 

amine (0.173 mL, 1.5 mmol) was added. The mixture was allowed to be stirred for 5 

hrs and quenched by addition of sat. aq. Na2SO3 (5 mL). Volatiles (mainly MeCN) was 

removed under reduced pressure and the aqueous mixture was extracted with EA (3 

X 10 mL). The combined organic fractions were washed with brine, dried over Na2SO4, 

and concentrated under reduced pressure. The residue was purified by flash column 

chromatography on silica gel using eluents (petroleum ether/ethyl acetate = 5/1) to 

provide the desired urea 6a-6c. 



6a. 33.5 mg, 82% yield, white solid. 1H NMR (400 MHz, DMSO-d6) δ: 8.50 

(br, 1H), 7.40-7.37 (m, 2H), 7.23-7.18 (m, 2H), 6.90-6.86 (m, 1H), 5.84 

(br, 2H). 13C NMR (100 MHz, DMSO-d6) δ: 156.0, 140.6, 128.6 (2×C), 

121.1, 117.7 (2×C). 

6b. 37 mg, 83% yield, white solid. 1H NMR (400 MHz, DMSO-d6) δ: 8.48 

(br, 1H), 7.38 (d, J = 7.6 Hz, 2H), 7.20 (t, J = 7.6 Hz, 2H), 6.87 (t, J = 

7.6 Hz, 1H), 5.98 (q, J = 4.4 Hz, 1H), 2.63 (d, J = 4.4 Hz, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ: 155.9, 140.7, 128.7 (2×C), 121.0, 117.7 (2×C), 26.3. 

6c. 53 mg, 81% yield, white solid. 1H NMR (400 MHz, CDCl3) δ: 7.32-

7.27 (m, 4H), 7.09-7.03 (m, 1H), 6.94 (br, 1H), 5.11 (br, 1H), 3.71-

3.62 (m, 1H), 1.97-1.93 (m, 2H), 1.71-1.66 (m, 2H), 1.62-1.57 (m, 1H), 

1.38-1.27 (m, 2H), 1.19-1.06 (m, 3H), 13C NMR (100 MHz, CDCl3) δ: 155.5, 139.0, 

129.3 (2×C), 123.5, 120.8 (2×C), 49.0, 33.8 (2×C), 25.7, 25.0 (2×C). 

Hofmann rearrangement with amide or alcohol: To a stirred solution of benzamide 

1a (37 mg, 0.3 mmol) in the MeCN/H2O (10/1, 1.1 mL) at 0 ℃ were added KCl (34 mg, 

0.45 mmol) and Oxone (138 mg, 0.45 mmol). After completion of the addition, the 

resulting mixture was stirred for 10 min before warmed to room temperature and stirred 

for an additional 2 h. When the benzamide 1a was fully consumed as determined by 

TLC analysis, benzamide (55 mg, 0.45 mmol, to afford 6d) or homoallyl alcohol (0.6 

mL, to afford 6e) and NaOH (18 mg, 0.45 mmol) was added sequentially. The mixture 

was allowed to be stirred for 5 hrs and quenched by addition of sat. aq. Na2SO3 (5 mL). 

Volatiles (mainly MeCN and homoallyl alcohol) was removed under reduced pressure 

and the aqueous mixture was extracted with EA (3 X 10 mL). The combined organic 

fractions were washed with brine, dried over Na2SO4, and concentrated under reduced 

pressure. The residue was purified by flash column chromatography on silica gel using 

eluents (petroleum ether/ethyl acetate = 5/1) to provide the desired compounds 6d-6e. 

6d. 51 mg, 78% yield, brownish solid. 1H NMR (400 MHz, CDCl3) δ: 

10.97 (br, 1H), 9.80 (br, 1H), 8.08-8.04 (m, 2H), 7.67-7.59 (m, 3H), 

7.53 (t, J = 8.0 Hz, 2H), 7.39-7.34 (m, 2H), 7.18-7.14 (m, 1H). 13C 

NMR (100 MHz, CDCl3) δ: 168.7, 152.0, 137.3, 133.5, 132.2, 129.1 (2×C), 129.0 (2×C), 

128.1 (2×C), 124.6, 120.6 (2×C). 

6e. 49 mg, 85% yield, yellowish oil. 1H NMR (400 MHz, CDCl3) δ: 

7.40-7.37 (m, 2H), 7.32-7.28 (m, 2H), 7.08-7.04 (m, 1H), 6.67 (br, 

1H), 5.83 (ddt, J = 17.2, 10.4, 6.8 Hz, 1H), 5.18-5.08 (m, 2H), 4.23 (t, 

J = 6.8 Hz, 2H), 2.44 (qt, J = 6.8, 1.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ: 153.6, 

138.0, 134.2 (2×C), 129.2 (2×C), 123.5, 118.7, 117.5, 64.4, 33.5. 



Curtius Rearrangement with Amines to Generate (Chiral) Ureas/Amides 

 

Curtius rearrangement with benzoic acid to generate amide: To a stirred solution 

of aromatic aldehyde substrate (0.2 mmol) in the PhCF3 (analytical grade, 2.0 mL) or 

CCl4 (analytical grade, 2.0 mL) at 0 ℃ were added KBr (36 mg, 0.3 mmol) and Oxone 

(111 mg, 0.36 mmol) and stirred for 5 min. Then sodium azide (29 mg, 0.44 mmol) was 

added. After the completion of the addition, the resulting mixture was stirred for 5 min 

before warmed to room temperature and stirred for an additional 24-36 h. When the 

aromatic aldehyde substrate was fully consumed as determined by TLC analysis, the 

mixture was filtered through a pad of celite. The filtrate was concentrated under 

reduced pressure and the residue was used for the next step without further purification. 

Following Mahajan’s protocol1, an oven-dried pressure tube under nitrogen 

atmosphere was charged with the residue, benzoic acid (27 mg, 0.22 mmol), DBU (31 

mg, 0.2 mmol) and dry toluene (1 mL). The reaction mixture was heated to 100°C for 

2 hours and then cooled to room temperature. The solvent (toluene) was removed 

under reduced pressure and the residue was purified by flash chromatography on silica 

gel using eluents (petroleum ether/ethyl acetate = 10/1) to provide the desired amide 

7c (34 mg, 73% yield or 37.5 mg, 81% yield) as a white solid.  

1H NMR (400 MHz, DMSO-d6) δ: 10.39 (br, 1H), 7.96-7.93 (m, 2H), 

7.82 (d, J = 8.8 Hz, 2H), 7.62-7.58 (m, 1H), 7.56-7.51 (m, 2H), 7.41 

(d, J = 8.8 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ: 165.7, 138.2, 

134.7, 131.8, 128.6 (2×C), 128.5 (2×C), 127.7 (2×C), 127.3, 121.8 (2×C). 

Curtius rearrangement with amines to generate (chiral) ureas: To a stirred solution 

of aromatic aldehyde substrate (0.2 mmol) in the PhCF3 (analytical grade, 2.0 mL) or 

CCl4 (analytical grade, 2.0 mL) at 0 ℃ were added KBr (36 mg, 0.3 mmol) and Oxone 

(111 mg, 0.36 mmol) and stirred for 5 min. Then sodium azide (29 mg, 0.44 mmol) was 

added. After the completion of the addition, the resulting mixture was stirred for 5 min 

before warmed to room temperature and stirred for an additional 24-36 h. When the 

aromatic aldehyde substrate was fully consumed as determined by TLC analysis, the 

mixture was filtered through a pad of celite. The filtrate was concentrated under 

reduced pressure and the residue was used for the next step without further purification. 

An oven-dried pressure tube under nitrogen atmosphere was charged with the residue 

and dry toluene (1 mL). The reaction mixture was heated to 100°C for 2 hours and 



then cooled to room temperature. The corresponding amine (0.22 mmol) was 

dissolved in dry toluene (1 mL) and added in one portion into the pressure tube under 

a positive pressure of nitrogen flow [in the case of 7a, ammonia solution (25%, 0.1 mL) 

was used instead]. The resulting mixture was stirred at rt for 24 hours. The volatiles 

were removed under reduced pressure and the residue was purified by flash 

chromatography on silica gel using eluents (petroleum ether/ethyl acetate = 10/1) to 

provide the desired urea 7. 

7a. 26 mg, 76% yield (PhCF3); 28 mg, 83% yield (CCl4); white solid. 

1H NMR (400 MHz, DMSO-d6) δ: 8.67 (br, 1H), 7.42 (d, J = 8.8 Hz, 

2H), 7.24 (d, J = 8.8 Hz, 2H), 5.91 (br, 2H). 13C NMR (100 MHz, 

DMSO-d6) δ: 155.9, 139.6, 128.5 (2×C), 124.5, 119.2 (2×C). 

7b. 38.5 mg, 78% yield (PhCF3); 42 mg, 85% yield (CCl4); white 

solid. 1H NMR (400 MHz, DMSO-d6) δ: 8.81 (s, 1H), 8.70 (s, 1H), 

7.48 (d, J = 8.8 Hz, 2H), 7.46-7.43 (m, 2H), 7.32 (d, J = 8.8 Hz, 

2H), 7.30-7.25 (m, 2H), 6.97 (t, J = 7.2 Hz, 1H). 13C NMR (100 

MHz, DMSO-d6) δ: 152.5, 139.6, 138.8, 128.9 (2×C), 128.7 (2×C), 125.3, 122.0, 119.7 

(2×C), 118.3 (2×C). 

7d. 46 mg, 84% yield (PhCF3); 45 mg, 82% yield (CCl4); 

white solid. 1H NMR (400 MHz, DMSO-d6) δ: 9.47 (s, 1H), 

8.54 (d, J = 1.6 Hz, 1H), 8.46 (dd, J = 4.8, 1.6 Hz, 1H), 8.14 

(d, J = 9.2 Hz, 2H), 7.72 (dt, J = 8.0, 2.0 Hz,1H), 7.64 (d, J 

= 9.2 Hz, 2H), 7.36 (ddd, J = 7.6, 4.8, 0.4 Hz, 1H), 7.04 (t, J = 6.0 Hz, 1H), 4.35 (d, J 

= 6.0 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) δ: 154.6, 148.8, 148.2, 147.1, 140.5, 

135.5, 135.1, 125.2 (2×C), 123.5, 117.0 (2×C), 40.6. HRMS (ESI) m/z calculated for 

C13H13O3N4
+

 [M+H]+ 273.0982, found 273.0976. 

7e. 78 mg, 84% yield (PhCF3); 80 mg, 86% 

yield (CCl4); yellowish solid. 1H NMR (400 

MHz, DMSO-d6) δ: 9.22 (s, 1H), 9.01 (s, 1H), 

8.79 (q, J = 4.8 Hz, 1H), 8.49 (d, J = 5.6 Hz, 

1H), 8.12 (d, J = 2.4 Hz, 1H), 7.67-7.59 (m, 

2H), 7.60 (d, J = 9.2 Hz, 2H), 7.38 (d, J = 2.4 Hz, 1H), 7.17 (d, J = 9.2 Hz, 2H), 7.14 

(dd, J = 5.6, 2.8 Hz, 1H), 2.78 (d, J = 4.8 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ: 

166.0, 163.9, 125.5, 125.4, 150.4, 147.9, 139.4, 137.1, 132.0, 126.8 (q, J = 30 Hz), 

123.1, 122.9 (q, J = 273 Hz), 122.4, 121.5 (2×C), 120.6 (2×C), 116.8 (q, J = 5.7 Hz), 

114.1, 108.7, 26.1. 19F NMR (376 MHz, DMSO-d6) δ: -61.5 (3×F). HRMS (ESI) m/z 

calculated for C21H17O3N4F3Cl+ [M+H]+ 465.0936, found 465.0929. 



7f. 82 mg, 85% yield (PhCF3); 85 mg, 88% 

yield (CCl4); yellowish solid. 1H NMR (400 

MHz, DMSO-d6) δ: 9.53 (s, 1H), 8.81 (q, J 

= 4.8 Hz, 1H), 8.75 (d, J = 2.0 Hz, 1H), 8.52 

(d, J = 5.6 Hz, 1H), 8.16 (t, J = 9.2 Hz, 1H), 

8.12 (s, 1H), 7.62 (s, 2H), 7.41 (d, J = 2.4 Hz, 1H), 7.34 (dd, J = 11.6, 2.8 Hz, 1H), 7.18 

(dd, J = 5.6, 2.8 Hz, 1H), 7.07 (ddd, J = 9.2, 2.8, 1.2 Hz, 1H), 2.79 (d, J = 4.8 Hz, 3H). 

13C NMR (100 MHz, DMSO-d6) δ: 165.5, 163.8, 152.8 (d, J = 244 Hz), 152.6, 152.2, 

150.5, 148.1 (d, J = 10.3 Hz), 139.0, 132.2, 126.8 (q, J = 30 Hz), 125.0 (d, J = 10.8 

Hz), 123.0, 122.8 (q, J = 271 Hz), 122.6 (d, J = 2.3 Hz), 122.5 (d, J = 2.2 Hz), 117.2 

(d, J = 2.9 Hz), 116.6 (q, J = 5.6 Hz), 114.2, 109.2 (d, J = 22 Hz), 108.9, 26.1. 19F NMR 

(376 MHz, DMSO-d6) δ: -61.6 (3×F), -124.6. HRMS (ESI) m/z calculated for 

C21H16O3N4F4Cl+ [M+H]+ 483.0842, found 483.0843. 

7g. 64 mg, 80% yield (PhCF3); 62 mg, 78% yield (CCl4); 

white solid. [α]25
D

= +33.5 (c 0.93, CHCl3). 1H NMR (400 MHz, 

CDCl3) δ: 8.48 (br, 1H), 7.84 (s, 2H), 7.37 (s, 1H), 5.95 (br, 

1H), 3.69-3.61 (m, 1H), 3.56-3.51 (m, 1H), 2.50 (td, J = 10.8, 

2.8 Hz, 1H), 2.40 (s, 6H), 2.30 (d, J = 10.8 Hz, 1H), 1.92 (d, J = 12.4 Hz, 1H), 1.86 (d, 

J = 12.4 Hz, 1H), 1.72 (d, J = 12.4 Hz, 1H), 1.27-1.16 (m, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 155.5, 141.3, 132.0 (q, J = 33 Hz, 2×C), 123.4 (q, J = 271 Hz, 2×C), 118.2 

(q, J = 3.3 Hz, 2×C), 115.3 (quint, J = 3.8 Hz), 67.4, 51.2, 40.0 (2×C), 33.9, 24.9, 24.8, 

21.9. 19F NMR (376 MHz, CDCl3) δ: -63.1 (6×F). HRMS (ESI) m/z calculated for 

C17H22ON3F6
+

 [M+H]+ 398.1662, found 398.1666. 

7h. 48 mg, 83% yield (PhCF3); 49 mg, 85% yield (CCl4); 

yellowish oil. [α]25
D

= +51.9 (c 1.02, CHCl3)3. 1H NMR (400 

MHz, CDCl3) δ: 7.52 (s, 1H), 6.98 (s, 2H), 6.64 (s, 1H), 6.01 

(d, J = 5.6 Hz, 1H), 3.60 (s, 1H), 3.56-3.48 (m, 1H), 2.39-2.30 

(m, 2H), 2.27 (s, 6H), 2.24 (s, 6H), 1.83-1.77 (m, 2H), 1.67-1.63 (m, 1H), 1.20-1.06 (m, 

3H). 13C NMR (100 MHz, CDCl3) δ: 156.6, 139.3, 138.7 (2×C), 124.7, 118.0 (2×C), 

66.8, 51.4, 39.9 (2×C), 34.0, 25.1, 24.8, 21.6, 21.5 (2×C). HRMS (ESI) m/z calculated 

for C17H28ON3
+

 [M+H]+ 290.2227, found 290.2232. 

7i. 42 mg, 81% yield (PhCF3); 42 mg, 81% yield (CCl4); white 

solid. [α]25
D

= +58.3 (c 0.65, CHCl3). 1H NMR (400 MHz, CDCl3) δ: 

7.54 (br, 1H), 7.35-7.32 (m, 2H), 7.29-7.24 (m, 2H), 7.04-6.99 (m, 

1H), 5.79 (br, 1H), 3.54-3.46 (m, 1H), 3.73-3.68 (m, 1H), 2.45-2.41 (m, 1H), 2.29 (dd, 



J = 10.8, 3.2 Hz, 1H), 2.25 (s, 6H), 1.87-1.79 (m, 2H), 1.70-1.66 (m, 1H), 1.36-1.25 (m, 

1H), 1.23-1.07 (m, 2H). 13C NMR (100 MHz, CDCl3) δ: 156.7, 139.5, 129.1 (2×C), 123.0, 

120.3 (2×C), 66.9, 51.8, 40.1 (2×C), 34.0, 25.3, 24.8, 21.6. HRMS (ESI) m/z calculated 

for C15H24ON3
+

 [M+H]+ 262.1914, found 262.1914. 

7j. 59.5 mg, 86% yield (PhCF3); 61 mg, 88% yield (CCl4); 

white solid. m.p. = 90-92 ℃. [α]25
D

= +29.8 (c 0.65, CHCl3). 

1H NMR (400 MHz, CDCl3) δ: 7.68 (br, 1H), 7.34 (d, J = 8.8 

Hz, 2H), 7.07 (d, J = 8.8 Hz, 2H), 5.68 (br, 1H), 3.54-3.46 (m, 1H), 2.78-2.75 (m, 1H), 

2.38-2.34 (m, 1H), 2.30 (dd, J = 11.2, 3.2 Hz, 1H), 2.27 (s, 6H), 1.88-1.79 (m, 2H), 

1.70-1.66 (m, 1H), 1.32-1.07 (m, 3H). 13C NMR (100 MHz, CDCl3) δ: 156.3, 144.2 (q, 

J = 2.0 Hz), 138.3, 121.8 (2×C), 120.6 (q, J = 255 Hz), 120.5 (2×C), 67.3, 51.7, 40.2 

(2×C), 34.0, 25.2, 24.8, 21.6. 19F NMR (376 MHz, CDCl3) δ: -58.2 (3×F). HRMS (ESI) 

m/z calculated for C16H23O2N3F3
+

 [M+H]+ 346.1737, found 346.1731. 

7k. 93 mg, 80% yield (PhCF3); 89 mg, 77% yield (CCl4); 

white solid. [α]25
D

= -21.6 (c 0.36, CHCl3). 1H NMR (400 

MHz, CDCl3) δ: 9.43 (br, 1H), 8.79 (d, J = 4.8 Hz, 1H), 

8.01 (d, J = 9.2 Hz, 1H), 7.84 (s, 2H), 7.72 (s, 1H), 7.49 

(d, J = 4.8 Hz, 1H), 7.38 (dd, J = 9.2, 2.8 Hz, 1H), 7.29 

(s, 1H), 5.91 (br, 1H), 4.18-4.08 (m, 2H), 3.98 (s, 3H), 3.65 (dd, J = 13.2, 10.4 Hz, 1H), 

3.18-3.10 (m, 1H), 2.83 (dd, J = 12.0, 7.2 Hz, 1H), 2.14-2.04 (m, 1H), 1.96 (s, 2H), 

1.92-1.85 (m, 2H), 1.38-1.31 (m, 2H), 1.26 (d, J = 12.4 Hz, 1H), 1.19-1.15 (m, 1H), 

0.85 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 158.8, 154.8, 147.7, 145.0, 

142.4, 141.1, 131.9, 131.7 (q, J = 33 Hz, 2×C), 128.2, 123.3 (q, J = 271 Hz, 2×C), 

122.7, 117.7 (2×C), 116.0, 115.2, 101.7, 59.6, 56.7, 56.0, 41.5, 35.4, 29.7, 26.5, 25.8, 

25.0, 24.7, 11.6. 19F NMR (376 MHz, CDCl3) δ: -58.3 (6×F). HRMS (ESI) m/z calculated 

for C29H31O2N4F6
+

 [M+H]+ 581.2346, found 581.2351. 

7l. 76 mg, 80% yield (PhCF3); 74 mg, 78% yield (CCl4); 

white solid. [α]25
D

= +8.4 (c 0.5, CHCl3). 1H NMR (400 

MHz, CDCl3) δ: 8.76 (d, J = 4.8 Hz, 1H), 8.54 (br, 1H), 

7.97 (d, J = 9.2 Hz, 1H), 7.74 (d, J = 2.4 Hz, 1H), 7.59 

(d, J = 4.8 Hz, 1H), 7.34 (dd, J = 9.2, 2.4 Hz, 1H), 7.08 

(s, 2H), 6.55 (s, 1H), 5.87 (br, 1H), 4.22-4.16 (m, 1H), 4.11-4.05 (m, 1H), 4.00 (s, 3H), 

3.59 (dd, J = 13.2, 10.4 Hz, 1H), 3.19-3.11 (m, 1H), 2.75 (dd, J = 11.6, 6.8 Hz, 1H), 

2.18 (s, 6H), 2.02-1.95 (m, 1H), 1.84 (s, 2H), 1.81-1.64 (m, 2H), 1.27-1.19 (m, 3H), 

1.11-1.07 (m, 1H), 0.77 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ: 158.7, 155.4, 



147.8, 144.8, 142.2, 139.4, 138.4 (2×C), 131.7, 128.1, 124.3, 122.5, 119.7, 116.5 

(2×C), 101.7, 59.8, 56.1, 56.0, 50.5, 41.7, 34.8, 29.7, 25.9, 25.0, 24.4, 21.5 (2×C), 11.5. 

HRMS (ESI) m/z calculated for C29H37O2N4
+

 [M+H]+ 473.2911, found 473.2911. 

7m. 73 mg, 82% yield (PhCF3); 70 mg, 79% yield (CCl4); 

white solid. [α]25
D

= +12.4 (c 0.5, CHCl3). 1H NMR (400 MHz, 

CDCl3) δ: 8.75 (d, J = 4.8 Hz, 1H), 8.52 (br, 1H), 7.98 (d, 

J = 9.2 Hz, 1H), 7.75 (d, J = 2.0 Hz, 1H), 7.54 (d, J = 4.8 

Hz, 1H), 7.41 (d, J = 8.0 Hz, 2H), 7.35 (dd, J = 9.2, 2.4 Hz, 

1H), 7.16 (t, J = 7.6 Hz, 2H), 6.91 (t, J = 7.6 Hz, 1H), 5.88 (br, 1H), 4.25-4.19 (m, 1H), 

4.13-4.07 (m, 1H), 3.98 (s, 3H), 3.57 (d, J = 12.4, 10.8 Hz, 1H), 3.19-3.11 (m, 1H), 2.82 

(dd, J = 11.6, 6.8 Hz, 1H), 2.03-1.96 (m, 1H), 1.86 (s, 2H), 1.81-1.70 (m, 2H), 1.24-

1.18 (m, 3H), 1.12-1.08 (m, 1H), 0.79 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) 

δ: 158.8, 155.4, 147.8, 144.9, 142.0, 139.5, 131.8, 128.9 (2×C), 128.2, 122.6, 122.5, 

119.7, 119.0 (2×C), 101.7, 59.7, 56.1 (2×C), 41.8, 34.8, 29.8, 26.0, 24.9, 24.5, 24.4, 

11.6. HRMS (ESI) m/z calculated for C27H33O2N4
+

 [M+H]+ 445.2598, found 445.2592. 

7n. 82.5 mg, 78% yield (PhCF3); 84.5 mg, 80% 

yield (CCl4); white solid. m.p. = 168-170 ℃. [α]25
D

= 

+3.8 (c 0.5, CHCl3). 1H NMR (400 MHz, CDCl3) δ: 

8.82 (d, J = 4.8 Hz, 1H), 8.77 (br, 1H), 7.89 (d, J = 

9.2 Hz, 1H), 7.70 (s, 1H), 7.69 (s, 1H), 7.35 (d, J = 

8.8 Hz, 2H), 7.28 (dd, J = 9.2, 2.4 Hz, 1H), 6.89 (d, J = 8.8 Hz, 2H), 5.85 (br, 1H), 4.54-

4.48 (m, 1H), 4.21-4.15 (m, 1H), 3.94 (s, 3H), 3.56 (dd, J = 12.8, 10.4 Hz, 1H), 3.17-

3.09 (m, 1H), 3.01 (dd, J = 12.0, 7.6 Hz, 1H), 2.00-1.93 (m, 1H), 1.86-1.68 (m, 4H), 

1.32-1.15 (m, 3H), 1.01-0.97 (m, 1H), 0.70 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ: 158.8, 155.3, 148.0, 144.5, 143.9, 141.9, 138.2, 131.4, 128.2, 122.8, 121.5 

(2×C), 120.5 (q, J = 255 Hz), 119.8, 119.7 (2×C), 101.6, 59.5, 56.1, 56.0, 49.6, 41.8, 

35.0, 25.9, 25.0, 24.7, 24.6, 11.5. 19F NMR (376 MHz, CDCl3) δ: -63.0 (3×F). HRMS 

(ESI) m/z calculated for C28H32O3N4F3
+

 [M+H]+ 529.2421, found 529.2426. 

Gram Scale Synthesis of Chiral Ligands 7i and 7j 

 



To a stirred solution of aromatic aldehyde substrate (6 mmol) in the PhCF3 (analytical 

grade, 60 mL) at 0 ℃ were added KBr (1.06 g, 9 mmol) and Oxone (3.32 g, 10.8 mmol) 

and stirred for 5 min. Then sodium azide (975 mg, 15 mmol) was added. After the 

completion of the addition, the resulting mixture was stirred for 5 min before warmed 

to room temperature and stirred for an additional 36 h. When the aromatic aldehyde 

substrate was fully consumed as determined by TLC analysis, the mixture was filtered 

through a pad of celite. The filtrate was concentrated under reduced pressure and the 

residue was used for the next step without further purification. An oven-dried pressure 

tube under nitrogen atmosphere was charged with the residue and dry toluene (25 mL). 

The reaction mixture was heated to 100°C for 4 hours and then cooled to room 

temperature. The chiral amine (852 mg, 6 mmol) was dissolved in dry toluene (5 mL) 

and added dropwise into the pressure tube under a positive pressure of nitrogen flow. 

The resulting mixture was stirred at rt for 24 hours. The volatiles were removed under 

reduced pressure and the residue was purified by flash chromatography on silica gel 

using eluents (petroleum ether/ethyl acetate = 10/1) to provide the desired chiral ligand 

7i (1.17 g, 75% yield) and 7j (1.66 g, 80%). 

 

Control Experiments 

 

In situ generation of BrN3 from oxone-KBr-NaN3: Following our previous procedure2, 

a round bottom flask equipped with a stir bar was immersed in ice-water bath and 

charged with Oxone (666 mg, 2.16 mmol, 7.2 equiv.) and KBr (213 mg, 1.8 mmol, 6 

equiv.). PhCF3 (10 mL) or CCl4 (10 mL) was added to the round bottom in one portion. 

The reaction mixture was stirred and kept at 0 ℃ and protected from light. After 5 

minutes, sodium azide (195 mg, 3.0 mmol, 10 equiv. or 172 mg, 2.64 mmol, 8.8 equiv.) 

was added in one portion. After the completion of the addition, the resulting mixture 

was stirred for 5 min before warmed to room temperature and stirred for an additional 

2 h. The mixture was filtered through a pad of celite and the filtrate was added to a 

round bottom flask. To the resulting solution p-chlorobenzaldehyde 4f (43 mg, 0.3 

mmol, 1 equiv.) was added. The solution was allowed to stir at rt until the starting 

material had been totally consumed (as monitored by TLC). Saturated aqueous 



Na2SO3 solution (10 mL) was added. The resulting mixture was extracted with CH2Cl2 

(3 × 10 mL). Organic layer was collected, then washed with brine, dried by anhydrous 

Na2SO4 and filtered. The filtrate was concentrated under reduced pressure and the 

residue was purified by flash chromatography on silica gel using eluents (petroleum 

ether/ethyl acetate = 50/1) to provide the desired compound 5f (32.5 mg, 60% yield or 

37 mg, 68% yield) as a white solid. 

 

 

Oxidation of aldehyde with Oxone-KBr: To a stirred solution of aromatic aldehyde 

4f (42 mg, 0.3 mmol) in the PhCF3 (analytical grade, 3.0 mL) or CCl4 (analytical grade, 

3.0 mL) at 0 ℃ were added KBr (54 mg, 0.45 mmol) and Oxone (166 mg, 0.54 mmol). 

After the completion of the addition, the resulting mixture was stirred for 5 min before 

warmed to room temperature and stirred for an additional 2 h. When the aromatic 

aldehyde 4f was fully consumed as determined by TLC analysis, the mixture was 

filtered through a pad of celite. The filtrate was concentrated under reduced pressure 

to afford the benzoyl bromide 8 (47 mg, 72% yield or 58 mg, 88% yield) as a colorless 

oil. 1H NMR (400 MHz, CDCl3) δ: 8.01 (d, J = 8.8 Hz, 2H), 7.51 (d, J = 8.8 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ: 162.3, 141.3, 131.3 (2×C), 129.5 (2×C), 123.9. 

Preparation of acyl azide from benzoyl bromide: To a stirred solution of self-

prepared benzoyl bromide 8 (55 mg, 0.25 mmol) in the PhCF3 (analytical grade, 3.0 mL) 

or CCl4 (analytical grade, 2.5 mL) at 0 ℃ were added sodium azide (41 mg, 0.625 

mmol or 36 mg, 0.55 mmol). After the completion of the addition, the resulting mixture 

was stirred for 5 min before warmed to room temperature and stirred for an additional 

24 h. The mixture was filtered through a pad of celite. The filtrate was concentrated 

under reduced pressure and the residue was purified by flash chromatography on silica 

gel using eluents (petroleum ether/ethyl acetate = 50/1) to provide the desired acyl 

azide 5f (41 mg, 90% yield or 42 mg, 93% yield) as a white solid. 

 



Radical cyclization reaction: To a stirred solution of aromatic aldehyde 9 (44 mg, 0.3 

mmol) in the PhCF3 (analytical grade, 3.0 mL) or CCl4 (analytical grade, 3.0 mL) at 0 ℃ 

were added KBr (54 mg, 0.45 mmol) and Oxone (166 mg, 0.54 mmol) and stirred for 

5 min. Then sodium azide (49 mg, 0.75 mmol or 43 mg, 0.66 mmol) was added. After 

the completion of the addition, the resulting mixture was stirred for 5 min before 

warmed to room temperature and stirred for an additional 24 h. When the substrate 

was fully consumed as determined by TLC analysis, the mixture was filtered through 

a pad of celite. The filtrate was concentrated under reduced pressure and the residue 

was purified by flash chromatography on silica gel using eluents (petroleum ether/ethyl 

acetate = 40/1) to provide the desired compound 10 (9 mg, 20% yield or 10 mg, 23% 

yield) as a colorless oil. 1H NMR (400 MHz, CDCl3) δ: 7.86 (dd, J = 7.6, 0.4 Hz, 1H), 

7.60 (td, J = 7.6, 1.2 Hz, 1H), 7.49 (dt, J = 7.6, 0.8 Hz, 1H), 7.42-7.38 (m, 1H), 6.36 (td, 

J = 2.4, 0.8 Hz, 1H), 5.64 (td, J = 2.0, 0.8 Hz, 1H), 3.75 (s, 2H). 13C NMR (100 MHz, 

CDCl3) δ: 193.6, 150.0, 143.4, 138.3, 135.0, 127.7, 126.5, 124.7, 119.5, 31.9.  
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