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1. General considerations 

All reactions were carried out under an air atmosphere. Unless otherwise specified, 

NMR spectra were recorded in CDCl3 on a 500 MHz (for 1H), 471 MHz (for 19F), and 

126 MHz (for 13C) spectrometer. All chemical shifts were reported in ppm relative to 

TMS (1H NMR, 0 ppm) and CFCl3 (
19F NMR, 0 ppm) as internal standards. The HPLC 

experiments were carried out on a Waters e2695 instrument (column: J&K, RP-C18, 5 

μm, 4.6 × 150 mm), and the yields of the products were determined by using the 

corresponding pure compounds as the external standards. Enantiomeric excesses were 

determined on HPLC using Chiralcel OD or IC column with UV detector. Optical 

rotations were measured on a Roudolph Autopl IV. Melting points of the products were 

measured on a micro melting point apparatus (SGW X-4) and uncorrected. High 

resolution mass spectra (HRMS) were obtained on an Agilent 1260-6221 TOF mass 

spectrometry. Reagents used in the reactions were all purchased from commercial 

sources and used without further purification. 

 

2. Screening the optimized conditions for amidation reaction of 1a with 4a 

Table 1 The amidation reaction of 1a with 4a in the presence of different bases.a 

 

Entry Base 
Yield 

(5a, %)b 

1 DIPEA 82 

2 Et3N 81 

3 DBU <1 

4 DBN <1 

5 TMEDA 54 

6 DMAP 46 

7 DABCO 32 

8 proton sponge <1 

9 K2CO3 26 

10 Na2CO3 <1 

11 K3PO4 13 

12 Na3PO4 <1 

13 KOAc 9 

14 NaOAc <1 

15 Cs2CO3 47 

16 NaHCO3 <1 
a General conditions: a mixture of benzoic acid (1a, 0.3 mmol), aniline (4a, 0.6 mmol) 

and base (0.9 mmol, 3 equiv) in MeCN (reaction diluted to 0.15 M) under SO2F2 

atmosphere (balloon) was stirred at room temperature for 5 h. b The yield was 

determined by HPLC using N-phenylbenzamide (5a, tR = 3.807 min, λmax = 263.0 nm, 

water/methanol = 30 : 70 (v/v)) as the external standard. 
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Table 2 The amidation reaction of 1a with 4a in the presence of different solvents.a 

 

Entry 
Solvent Yield 

(5a, %)b 

1 MeCN 82 

2 dioxane 59 

3 toluene 67 

4 THF 19 

5 acetone 24 

6 DMF 20 

7 DMSO 26 

8 NMP 45 

9 DCM 36 
a General conditions: a mixture of benzoic acid (1a, 0.3 mmol), aniline (4a, 0.6 mmol) 

and DIPEA (0.9 mmol, 3 equiv) in solvent (reaction diluted to 0.15 M) under SO2F2 

atmosphere (balloon) was stirred at room temperature for 5 h. b The yield was 

determined by HPLC using N-phenylbenzamide (5a, tR = 3.807 min, λmax = 263.0 nm, 

water/methanol = 30 : 70 (v/v)) as the external standard. 

 

Table 3 The amidation reaction of 1a with 4a at different reaction concentrations.a 

 

Entry 
Concentration 

(mol/L) 

Yield 

(5a, %)b 

1 0.15 82 

2 0.2 85 

3 0.3 94 

4 0.4 94 

5 0.5 95 

6 0.6 93 

7 1.0 91 
a General conditions: a mixture of benzoic acid (1a, 0.3 mmol), aniline (4a, 0.6 mmol) 

and DIPEA (0.9 mmol, 3 equiv) in MeCN (reaction diluted to the specified 

concentration) under SO2F2 atmosphere (balloon) was stirred at room temperature for 

5 h. b The yield was determined by HPLC using N-phenylbenzamide (5a, tR = 3.807 

min, λmax = 263.0 nm, water/methanol = 30 : 70 (v/v)) as the external standard. 

 

Table 4 Screening the loading of 4a and DIPEA.a 
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Entry X (equiv) 
Y (equiv) Yield 

(5a, %)b 

1 2 0 <1 

2 2 1 61 

3 2 2 88 

4 2 3 94 

5 2 4 94 

6 2 5 92 

7 1.5 3 90 

8 1.2 3 84 
a General conditions: a mixture of benzoic acid (1a, 0.3 mmol), aniline (4a, 0.6 mmol) 

and DIPEA (0.9 mmol, 3 equiv) in MeCN (reaction diluted to 0.3 M) under SO2F2 

atmosphere (balloon) was stirred at room temperature for 5 h. b: The yield was 

determined by HPLC using N-phenylbenzamide (5a, tR = 3.807 min, λmax = 263.0 nm, 

water/methanol = 30 : 70 (v/v)) as the external standard. 

 

3. Enantiopurity of the Amino Acid Amides 7a-7m 

 

Ethyl benzoyl-L-alaninate (7a).[1] >99% ee was determined by chiral HPLC (chiralcel 

OD-H, n-hexane/2-propanol = 80/20, 0.5 mL/min, 254 nm). tR = 9.92 min (minor) and 

12.32 min (major). Authentic samples were independently prepared from L- and D-

amino acids and their mixture was used as reference racemate. 

 



S5 

 

 

 

 

 

Ethyl benzoyl-L-tyrosinate (7b).[2] >99% ee was determined by chiral HPLC (chiralcel 

OD-H, n-hexane/2-propanol = 80/20, 0.5 mL/min, 254 nm). tR = 14.79 min (minor) and 

23.29 min (major). Authentic samples were independently prepared from L- and D-

amino acids and their mixture was used as reference racemate.  
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Ethyl benzoyl-L-phenylalaninate (7c).[1] 98% ee was determined by chiral HPLC 

(chiralcel OD-H, n-hexane/2-propanol = 90/10, 1.0 mL/min, 254 nm). tR = 8.93 min 

(minor) and 11.58 min (major). Authentic samples were independently prepared from 

L- and D-amino acids and their mixture was used as reference racemate. 
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Ethyl benzoyl-L-valinate (7d).[3] 99% ee was determined by chiral HPLC (chiralcel 

OD-H, n-hexane/2-propanol = 90/10, 1.0 mL/min, 254 nm). tR = 5.36 min (minor) and 

6.62 min (major). Authentic samples were independently prepared from L- and D-

amino acids and their mixture was used as reference racemate. 
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Tert-butyl (S)-2-(phenylcarbamoyl)pyrrolidine-1-carboxylate (7e).[4] 95% ee was 

determined by chiral HPLC (chiralcel OD-H, n-hexane/2-propanol = 90/10, 1.0 

mL/min, 254 nm). tR = 5.31 min. (minor) and 6.49 min. (major). Authentic samples 

were independently prepared from L- and D-amino acids and their mixture was used as 

reference racemate. 
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Ethyl (tert-butoxycarbonyl)glycyl-L-phenylalaninate (7f).[5] >99% ee was determined 

by chiral HPLC (chiralcel IC, n-hexane/2-propanol = 80/20, 1.0 mL/min, 254 nm). tR 

= 8.96 min (major) and 13.58 min (minor). Authentic samples were independently 

prepared from L- and D-amino acids and their mixture was used as reference racemate. 
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Tert-butyl-(3-(1H-indol-3-yl)-1-oxo-1-(phenylamino)propan-2-yl)carbamate (7i).[4] 

Petroleum ether / ethyl acetate = 2 : 1 (v /v) as eluent for column chromatography. 

White solid, 322.6 mg, 85% yield. 1H NMR (500 MHz, CDCl3) δ 8.30 (s, 1H), 7.95 (s, 

1H), 7.67 (d, J = 7.8 Hz, 1H), 7.34 (d, J = 8.1 Hz, 1H), 7.28 (d, J = 7.8 Hz, 2H), 7.23 

(t, J = 7.7 Hz, 2H), 7.19 (t, J = 7.6 Hz, 1H), 7.10 (t, J = 7.5 Hz, 1H), 7.06 (t, J = 7.2 Hz, 

1H), 6.98 (s, 1H), 5.39 (s, 1H), 4.63 (s, 1H), 3.30 (d, J = 31.0 Hz, 2H), 1.42 (s, 9H). 

[α]D
25 = -26.3 (c = 0.10, CHCl3). 68% ee was determined by chiral HPLC (chiralcel IA, 
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n-hexane/2-propanol = 80/20, 1.0 mL/min, 254 nm). tR = 8.98 min (major) and 14.90 

min (minor). Authentic samples were independently prepared from L- and D-amino 

acids and their mixture was used as reference racemate. 

 

 

 

 

 
Tert-butyl-(3-(4-hydroxyphenyl)-1-oxo-1-(phenylamino)propan-2-yl)carbamate (7j).[4] 

Petroleum ether / ethyl acetate = 2 : 1 (v /v) as eluent for column chromatography. 

White solid, 352.9 mg, 99% yield. 1H NMR (500 MHz, CDCl3) δ 8.31 (s, 1H), 7.39 (d, 
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J = 7.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.31-7.26 (m, 2H), 7.23 (d, J = 8.5 Hz, 2H), 

7.11 (d, J = 7.2 Hz, 1H), 5.40 (d, J = 8.0 Hz, 1H), 4.57 (s, 1H), 3.29-3.16 (m, 1H), 3.08 

(dd, J = 13.6, 7.1 Hz, 1H), 1.39 (s, 9H). [α]D
25 = -61.4 (c = 0.10, CHCl3). 60% ee was 

determined by chiral HPLC (chiralcel IA, n-hexane/2-propanol = 80/20, 1.0 mL/min, 

254 nm). tR = 6.91 min (major) and 9.94 min (minor). Authentic samples were 

independently prepared from L- and D-amino acids and their mixture was used as 

reference racemate.  
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Tert-butyl-(1-oxo-1-(phenylamino)propan-2-yl)carbamate (7k).[4] Petroleum ether / 

ethyl acetate = 3 : 1 (v /v) as eluent for column chromatography. White solid, 259.0 mg, 

98% yield. 1H NMR (500 MHz, CDCl3) δ 8.75 (s, 1H), 7.50 (d, J = 7.9 Hz, 2H), 7.29 

(t, J = 8.1 Hz, 1H), 7.25 (d, J = 7.6 Hz, 1H), 7.10-7.04 (m, 1H), 5.41 (d, J = 5.2 Hz, 

1H), 4.40 (s, 1H), 1.45 (s, 9H), 1.43 (d, J = 7.1 Hz, 3H). [α]D
25 = +12.6 (c = 0.10, 

MeOH). 50% ee was determined by chiral HPLC (chiralcel IA, n-hexane/2-propanol = 

80/20, 1.0 mL/min, 254 nm). tR = 5.62 min (minor) and 6.32 min (major). Authentic 

samples were independently prepared from L- and D-amino acids and their mixture was 

used as reference racemate. 
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Tert-butyl-(4-methyl-1-oxo-1-(phenylamino)pentan-2-yl)carbamate (7l). [4] Petroleum 

ether / ethyl acetate = 2 : 1 (v /v) as eluent for column chromatography. White solid, 

281.9 mg, 92% yield. 1H NMR (500 MHz, DMSO-d6) δ 9.92 (s, 1H), 7.60 (d, J = 7.8 

Hz, 2H), 7.29 (t, J = 7.9 Hz, 2H), 7.03 (t, J = 7.4 Hz, 1H), 6.99 (d, J = 8.0 Hz, 1H), 4.13 

(dd, J = 13.7, 9.0 Hz, 1H), 1.67-1.62 (m, 1H), 1.56-1.50 (m, 1H), 1.44 (dd, J = 8.3, 5.6 

Hz, 1H), 1.38 (s, 9H), 0.89 (dd, J = 6.3, 4.2 Hz, 6H). [α]D
25 = +36.6 (c = 0.10, MeOH). 

50% ee was determined by chiral HPLC (chiralcel IA, n-hexane/2-propanol = 80/20, 

1.0 mL/min, 254 nm). tR = 4.65 min (minor) and 5.66 min (major). Authentic samples 

were independently prepared from L- and D-amino acids and their mixture was used as 

reference racemate. 
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Tert-butyl-(4-(methylthio)-1-oxo-1-(phenylamino)butan-2-yl)carbamate (7m). [4] 

Petroleum ether / ethyl acetate = 3 : 1 (v /v) as eluent for column chromatography. 

White solid, 269.3 mg, 83% yield. 1H NMR (500 MHz, CDCl3) δ 8.63 (s, 1H), 7.50 (d, 

J = 7.9 Hz, 2H), 7.29 (t, J = 6.5 Hz, 2H), 7.08 (t, J = 7.4 Hz, 1H), 5.50 (d, J = 0.5 Hz, 

1H), 4.47 (s, 1H), 2.61 (dd, J = 12.4, 6.6 Hz, 2H), 2.18 (td, J = 13.5, 6.7 Hz, 1H), 2.10 

(s, 3H), 2.01 (dd, J = 14.3, 7.0 Hz, 1H), 1.44 (s, 9H). [α]D
25 = -5.9 (c = 0.10, MeOH). 

64% ee was determined by chiral HPLC (chiralcel IA, n-hexane/2-propanol = 90/10, 

1.0 mL/min, 254 nm). tR = 10.97 min (major) and 12.17 min (minor). Authentic samples 

were independently prepared from L- and D-amino acids and their mixture was used as 

reference racemate. 
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4. General procedures for the gram scale reactions 

  Carboxylic acid (1, 1.0 equiv), amine (4, 2.0 equiv), DIPEA (3.0 equiv) and MeCN 

(reaction mixture was diluted to 0.3 M) were added to an oven-dried 100 mL round 

bottom flask equipped with a stirring bar and covered with a rubber stopper. Sulfuryl 

fluoride gas was introduced into the stirred reaction mixture by slowly bubbling from 

a balloon. The reaction mixture was stirred at room temperature for 5 h. After the 

reaction was completed, 1 M aqueous HCl solution (3 × 20 mL) was added to remove 

the excess amine and the reaction mixture was extracted with ethyl acetate (3 × 20 mL). 

The extracts were dried over anhydrous Na2SO4, and concentrated under reduced 

pressure to give the desired product. 

 

5. Procedures for the synthesis of compound 9, 11, 14 and 17.  

 
  Deferasirox (8, 1.0 mmol, 1.0 equiv), aniline (4a, 2.0 mmol, 2.0 equiv), DIPEA (3.0 

mmol, 3.0 equiv) and MeCN (reaction mixture was diluted to 0.3 M) were added to an 

oven-dried 25 mL reaction flask equipped with a stirring bar and covered with a rubber 

stopper. Sulfuryl fluoride gas was introduced into the stirred reaction mixture by slowly 

bubbling from a balloon. The reaction mixture was stirred at room temperature for 5 h. 

After the reaction was completed, the reaction mixture was directly concentrated under 

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

petroleum ether / ethyl acetate = 1 : 1 (v /v) as eluents to give amide 9 in 98% yield.  
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  (S)-ibuprofen (10, 1.0 mmol, 1.0 equiv), aniline (4a, 2.0 mmol, 2.0 equiv), DIPEA 

(3.0 mmol, 3.0 equiv) and MeCN (reaction mixture was diluted to 0.3 M) were added 

to an oven-dried 25 mL reaction flask equipped with a stirring bar and covered with a 

rubber stopper. Sulfuryl fluoride gas was introduced into the stirred reaction mixture by 

slowly bubbling from a balloon. The reaction mixture was stirred at room temperature 

for 5 h. After the reaction was completed, 1 M aqueous HCl solution (10 mL) was added 

to remove the excess amine and the reaction mixture was extracted with ethyl acetate 

(3 × 20 mL). The extracts were dried over anhydrous Na2SO4, and concentrated under 

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

using petroleum ether / ethyl acetate = 2 : 1 (v /v) as eluents to give amide 11 in 99% 

yield.  

 

 

2-Chloronicotinic acid (12, 1.0 mmol, 1.0 equiv), 4'-chloro-[1,1'-biphenyl]-2-amine 

(13, 2.0 mmol, 2.0 equiv), DIPEA (3.0 mmol, 3.0 equiv) and MeCN (reaction mixture 

was diluted to 0.3 M) were added to an oven-dried 25 mL reaction flask equipped with 

a stirring bar and covered with a rubber stopper. Sulfuryl fluoride gas was introduced 

into the stirred reaction mixture by slowly bubbling from a balloon. The reaction 

mixture was stirred at room temperature for 5 h. After the reaction was completed, the 

reaction mixture was directly concentrated under vacuum. The residue was purified by 

column chromatography on silica gel using petroleum ether / ethyl acetate = 1 : 1 (v /v) 

as eluents to give amide 14 in 87% yield.  

 

 

2-(4-hydroxyphenyl)acetic acid (15, 1.0 mmol, 1.0 equiv), 3,5-dimethylaniline (16, 

2.0 mmol, 2.0 equiv), DIPEA (3.0 mmol, 3.0 equiv) and MeCN (reaction mixture was 

diluted to 0.3 M) were added to an oven-dried 25 mL reaction flask equipped with a 
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stirring bar and covered with a rubber stopper. Sulfuryl fluoride gas was introduced into 

the stirred reaction mixture by slowly bubbling from a balloon. The reaction mixture 

was stirred at room temperature for 5 h. After the reaction was completed, 1 M aqueous 

HCl solution (10 mL) was added to remove the excess amine and the reaction mixture 

was extracted with ethyl acetate (3 × 20 mL). The extracts were dried over anhydrous 

Na2SO4, and concentrated under reduced pressure. The residue was purified by column 

chromatography on silica gel using petroleum ether / ethyl acetate = 2 : 1 (v /v) as 

eluents to give amide 17 in 99% yield.  

 

6. NMR spectra of 5, 6, 7, 9, 11, 14 and 17 
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