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Experimental Procedures:

General. Chemicals were purchased and used without further purification. Dry solvents were 

obtained by distillation using standard procedures.  Reactions requiring anhydrous conditions 

were performed under nitrogen; glassware and needles were either flame dried immediately 

prior to use or placed in an oven (150 °C) for at least 2 hours and allowed to cool either in a 

desiccator or under reduced pressure; liquid reagents, solutions or solvents were added via 

syringe through rubber septa; solid reagents were added via Schlenk type adapters.  Teflon 

rings were used between the joints of the condensers and round bottom flasks.  Reactions were 

monitored by TLC on Kieselgel 60 F254 (Merck). Detection was by examination under UV 

light (254 nm) and by charring with 10% sulfuric acid in ethanol.  Flash column 

chromatography was performed using silica gel [Merck, 230−400 mesh (40−63 μm)].  Extracts 

were concentrated in vacuo using both a rotary evaporator (bath temperatures up to 40 °C) at a 

pressure of either 15 mmHg (diaphragm pump) or 0.1 mmHg (oil pump), as appropriate, and a 

high vacuum line at room temperature.  1H NMR and 13C NMR spectra were measured in the 

solvent stated at 400, 500, or 600 MHz.  Chemical shifts are quoted in parts per million from 

Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2024



S2

residual solvent peak (CDCl3: 1H - 7.26 ppm and 13C - 77.16 ppm) and coupling constants (J) 

given in Hertz.  Multiplicities are abbreviated as: b (broad), s (singlet), d (doublet), t (triplet), 

q (quartet), m (multiplet), or combinations thereof.  The units of the specific rotation, 

(deg⋅mL)/(g⋅dm), are implicit and are not included in the reported value. Concentration c is 

given in g/100 mL.

General procedures for one-pot coupling reactions: 

The carboxylic acid (1.0 equiv.) and 2-pyridinesulfonyl fluoride (1.2 equiv.) were weighed into 

an oven-dried round bottom flask. Then, the flask was filled with N2, followed by the addition 

of ~ 1.0 ml anhydrous CH3CN. The reaction solutions were stirred at rt for 30 min then desired 

amine or alcohol (1.2 equiv.) was added, and the reaction was stirred for 17 h. Completion of 

the reaction was determined by either TLC or NMR analysis of the crude material. The reaction 

mixture was concentrated in vacuo and directly purified by column chromatography to yield 

the respective amides or esters. 

Amide substrate scope:

N-Phenylcinnamamide (3a): Following the general procedure coupling reaction between 

cinnamic acid (50 mg, 0.34 mmol) and aniline (0.04 ml, 0.41 mmol) afforded compound 3a as 

a white solid (68 mg, 90%) after purification by column chromatography (Hexane:EtOAc, 5:1 

to 2:1).1H NMR (400 MHz, CDCl3) δ 7.99 (s, 1H), 7.74 (d, J = 15.5 Hz, 1H), 7.65 (d, J = 6.8 

Hz, 2H), 7.45 (dd, J = 7.1, 1.9 Hz, 2H), 7.32 (dt, J = 10.6, 5.4 Hz, 5H), 7.11 (t, J = 7.3 Hz, 1H), 

6.63 (dd, J = 15.5, 1.9 Hz, 1H).13C NMR (101 MHz, CDCl3) δ 164.1, 142.4, 138.1, 134.6, 

129.9, 129.1, 128.9, 127.9, 124.5, 120.9, 120.0. ESI-HRMS for C15H14NO [M+H]+ calculated: 

224.1070 found: 224.1067. Spectroscopic data was in agreement with previously reported 

data.[1]

O

N
H

3b

N-(Tert-butyl) cinnamamide (3b): Following the general procedure coupling reaction 

between cinnamic acid (50 mg, 0.34 mmol) and tertiary-butylamine (0.04 ml, 0.41 mmol) 
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afforded compound 3b as a white solid (56 mg, 82%) after purification by column 

chromatography (Hexane:EtOAc, 5:1 to 2:1).  1H NMR (500 MHz, CDCl3) δ 7.57 (d, J = 15.5 

Hz, 1H), 7.47 (d, J = 1.4 Hz, 2H), 7.34 (dd, J= 7.5, 6.3 Hz, 3H), 6.33 (d, J = 15.5 Hz, 1H), 5.48 

(s, 1H), 1.43 (s, 9H).13C NMR (126 MHz, CDCl3) δ 165.2, 140.3, 135.1, 129.5, 128.8, 127.7, 

121.9, 51.6, 28.9. ESI-HRMS for C13H18NO [M+H]+ calculated: 204.1317, found: 204.1390.

Spectroscopic data was in agreement with previously reported data.[2]

O

N
H

3c
N-Cyclopentylcinnamamide (3c): Following the general procedure coupling reaction 

between cinnamic acid (50 mg, 0.34 mmol) and cyclopentylamine (0.04 ml, 0.41 mmol) 

afforded compound 3c as a white solid (62 mg, 85%) after purification by column 

chromatography (Hexane: EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 15.6 

Hz, 1H), 7.49 (dd, J = 7.5, 1.8 Hz, 2H), 7.36 (d, J = 6.6 Hz, 3H), 6.36 (dd, J = 15.6, 1.4 Hz, 

1H), 5.58 (s, 1H), 4.35 (dd, J = 13.9, 7.0 Hz, 1H), 2.06 (dd, J = 12.4, 5.6 Hz, 2H), 1.77 – 1.66 

(m, 4H), 1.45 (dd, J = 12.3, 6.3 Hz, 2H).13C NMR (126 MHz, CDCl3) δ 165.4, 140.8, 134.9, 

129.6, 128.8, 127.8, 120.9, 51.4, 33.3, 23.8. ESI-HRMS for C14H18NO [M+H]+ calculated: 

216.1318, found: 216.1391. Spectroscopic data was in agreement with previously reported 

data.[3]

N
H

O

3d OMe

N-(4-Methoxybenzyl)cinnamamide (3d): Following the general procedure coupling reaction 

between cinnamic acid (50 mg, 0.34 mmol) and 4-methoxybenzylamine (0.05 ml, 0.41 mmol) 

afforded compound 3d as a white solid ( 78 mg, 86%)after purification by column 

chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 15.6 

Hz, 1H), 7.48 (dd, J = 6.5, 3.1 Hz, 2H), 7.39 – 7.31 (m, 3H), 7.25 (d, J = 8.4 Hz, 2H), 6.91 – 

6.84 (m, 2H), 6.40 (d, J = 15.6 Hz, 1H), 5.98 (s, 1H), 4.49 (d, J = 5.7 Hz, 2H), 3.79 (s, 3H).13C 

NMR (101 MHz, CDCl3) δ 165.7, 159.1, 141.3, 134.8, 130.3, 129.7, 129.4, 128.8, 127.8, 

120.5, 114.2, 55.4, 43.4. ESI-HRMS for C17H18NO2 [M+H] + calculated: 268.1262, found: 

268.1335. Spectroscopic data was in agreement with previously reported data [4].
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N
H

N

3e

N-(4-Methylpyridin-2-yl) cinnamamide (3e): Following the general procedure coupling 

reaction between cinnamic acid (50 mg, 0.34 mmol) and 2-amino-4-methylpyridine (44 mg, 

0.41 mmol) afforded compound 3e as a white solid (70 mg, 86%) after purification by column 

chromatography (Hexane:EtOAc, 5:1 to 2:1). 1H NMR (400 MHz, CDCl3) δ 9.30 (s, 1H), 8.31 

(s, 1H), 8.15 (d, J = 5.2 Hz, 1H), 7.82 (d, J = 15.6 Hz, 1H), 7.58 (dd, J = 6.5, 2.8 Hz, 2H), 7.47 

– 7.38 (m, 3H), 6.96 (d, J = 5.0 Hz, 1H), 6.66 (d, J = 15.6 Hz, 1H), 2.46 (s, 3H).13C NMR (101 

MHz, CDCl3) δ 164.147, 151.7, 150.1, 147.4, 142.9, 134.4, 130.2, 128.9, 128.1, 121.1, 120.7, 

114.9, 21.5. ESI-HRMS for C15H15N2O [M+H]+ calculated: 239.1119, found: 239.1191. mp: 

138-141℃. 

MeO

N
H

O

3f

4-Methoxy-N-phenylbenzamide (3f): Following the general procedure coupling reaction 

between 4-methoxybenzoicacid (50 mg, 0.33 mmol) and aniline (0.03 ml, 0.39 mmol) at 50℃ 

afforded compound 3f as a white solid (66 mg, 88%) after purification by column 

chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 7.88 – 7.82 (m, 

2H), 7.75 (s, 1H), 7.63 (dd, J = 8.5, 0.9 Hz, 2H), 7.37 (t, J = 7.9 Hz, 2H), 7.14 (t, J = 7.4 Hz, 

1H), 6.98 (d, J = 8.7 Hz, 2H), 3.88 (s, 3H).13C NMR (126 MHz, CDCl3) δ 165.3,162.5, 138.1, 

129.1, 128.9, 127.2, 124.4, 120.2, 114.0, 55.5. ESI-HRMS for [M+H]+ C14H14NO2 calculated: 

228.0958, found: 228.1031. Spectroscopic data was in agreement with previously reported 

data.[5]

                                                   
MeO

N
H

O

3h

N-Benzyl-4-methoxybenzamide (3h): Following the general procedure coupling reaction 

between 4-methoxybenzoicacid (50 mg, 0.33 mmol), and benzylamine (0.04 ml, 0.39 mmol) 
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at 50 οC afforded compound 3h as a white solid (73 mg, 92%) after purification by column 

chromatography (Hexane:EtOAc, 5:1 to 2:1).  1H NMR (400 MHz, CDCl3) δ 7.79 – 7.72 (m, 

2H), 7.35 (d, J = 4.4 Hz, 4H), 7.30 (d, J = 4.7 Hz, 1H), 6.95 – 6.89 (m, 2H), 6.37 (s, 1H), 4.63 

(d, J = 5.7 Hz, 2H), 3.84 (s, 3H).13C NMR (101 MHz, CDCl3) δ 166.9, 162.2, 138.5, 128.8, 

128.7, 127.9, 127.6, 126.7, 113.8, 55.4, 44.1. ESI-HRMS for C15H16NO2 [M+H]+ calculated: 

242.1174, found: 242.1176. Spectroscopic data was in agreement with previously reported 

data.[6]

MeO

N
H

O

N

3i

4-Methoxy-N-(4-methylpyridin-2-yl) benzamide (3i): Following the general procedure 

coupling reaction between 4-methoxybenzoicacid (50 mg, 0.33 mmol) and 2-amino-4-

methylpyridine (42 mg, 0.39 mmol) at 50 ℃ afforded compound 3i as a white solid (69mg, 

86%) after purification by column chromatography (Hexane:EtOAc, 5:1 to 2:1). 1H NMR (400 

MHz, CDCl3) δ 8.55 (s, 1H), 8.23 (s, 1H), 8.13 (d, J = 4.8 Hz, 1H), 7.94 – 7.86 (m, 2H), 6.98 

(dd, J = 9.3, 2.4 Hz, 2H), 6.89 (d, J = 5.0 Hz, 1H), 3.88 (s, 3H), 2.40 (s, 3H).13C NMR (101 

MHz, CDCl3) δ 165.2, 162.8, 151.7, 150.1, 147.3, 129.2, 126.5, 120.9, 114.7, 114.1, 55.5, 

21.5. ESI-HRMS for [M+H]+ C14H15N2O2 calculated: 243.1068, found: 243.1141. 

Spectroscopic data was in agreement with previously reported data.[7]

N
H

O

MeO OMe
3j

4-Methoxy-N-(4-methoxybenzyl) benzamide (3j): Following the general procedure coupling 

reaction between 4-methoxybenzoic acid (50 mg, 0.33 mmol) and 4-methoxybenzylamine 

(0.04 ml, 0.39 mmol) at 50 ℃ afforded compound 3j as a white solid (80 mg, 89%) after 

purification by column chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, 

CDCl3) δ 7.77 – 7.72 (m, 2H), 7.30 – 7.26 (m, 2H), 6.95 – 6.85 (m, 4H), 6.26 (s, 1H), 4.56 (d, 

J = 5.5 Hz, 2H), 3.84 (s, 3H), 3.80 (s, 3H).13C NMR (126 MHz, CDCl3) δ 166.8, 162.2, 159.1, 

130.5, 129.3, 128.8, 126.7, 114.2, 113.8, 55.4, 55.4, 43.6. ESI-HRMS for [M+H]+ C16H18NO3 
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calculated: 272.1209, found: 272.1282. Spectroscopic data was in agreement with previously 

reported data.[6]

N

O

O
MeO

3k

(4-Methoxyphenyl) (morpholino)methanone (3k): Following the general procedure 

coupling reaction between 4-methoxybenzoic acid (50 mg, 0.33 mmol) and morpholine (0.03 

ml, 0.39 mmol) at 50 ℃ afforded compound 3k as a pale-yellow oil (52 mg, 71%) after 

purification by column chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, 

CDCl3) δ 7.41 – 7.36 (m, 2H), 6.94 – 6.89 (m, 2H), 3.83 (s, 3H), 3.67 (d, J = 18.0 Hz, 8H).13C 

NMR (101 MHz, CDCl3) δ 170.44, 160.92, 129.21, 127.32, 113.81, 66.93, 55.38, 29.71. ESI-

HRMS for [M+H]+ C12H16NO3 calculated: 222.1122, found: 222.1125. Spectroscopic data was 

in agreement with previously reported data.[6]

N
H

O

3l

N-(Prop-2-yn-1-yl) benzamide (3l): Following the general procedure coupling reaction 

between benzoic acid (50 mg, 0.41 mmol) and propargylamine (0.03 ml, 0.50 mmol) at 50 ℃  

afforded compound 3l as a white solid (50  mg, 77%) after purification by column 

chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 7.4 

Hz, 2H), 7.45 (t, J = 7.1 Hz, 1H), 7.37 (t, J = 7.4 Hz, 2H), 6.24 (s, 1H), 4.19 (d, J = 2.4 Hz, 

2H), 2.22 (s, 1H).13C NMR (101 MHz, CDCl3) δ 167.1, 133.8, 131.8, 128.7, 127.0, 79.5, 71.9, 

29.8. ESI-HRMS for [M+H]+ C10H10NO calculated: 160.0682, found: 160.0755. 

Spectroscopic data was in agreement with previously reported data. [5,9]

N
H

O

3m

N-Phenylbenzamide (3m): Following the general procedure coupling reaction between 

benzoic acid (50 mg, 0.41 mmol), and aniline (0.04 ml, 0.50 mmol) at 50℃ afforded compound 
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3m as a white solid (68 mg, 84%) after purification by column chromatography 

(Hexane:EtOAc, 5:1 to 2:1). 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 7.8 Hz, 3H), 7.64 (dd, 

J = 8.5, 1.0 Hz, 2H), 7.55 (dd, J = 10.5, 4.1 Hz, 1H), 7.48 (t, J = 7.3 Hz, 2H), 7.37 (t, J = 7.9 

Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H).13C NMR (101 MHz, CDCl3) δ 165.8, 137.9, 135.0, 131.9, 

129.1, 128.8, 127.0, 124.6, 120.2.ESI-HRMS for [M+H]+ C13H12NO calculated: 198.0852, 

found: 198.0925. Spectroscopic data was in agreement with previously reported data.[5]

N
H

O

3n

N-Benzylbenzamide (3n): Following the general procedure coupling reaction between 

benzoic acid (50 mg,  0.41  mmol) and benzylamine (0.04 ml, 0.50 mmol) afforded compound 

3n as a white solid (74 mg, 85%) after purification by column chromatography 

(Hexane:EtOAc, 5:1 to 2:1).1H NMR (500 MHz, CDCl3) δ 7.82 – 7.76 (m, 2H), 7.52 – 7.47 

(m, 1H), 7.42 (ddd, J = 8.1, 6.6, 1.2 Hz, 2H), 7.36 (d, J = 4.4 Hz, 4H), 7.30 (d, J = 4.2 Hz, 1H), 

6.45 (s, 1H), 4.65 (d, J = 5.7 Hz, 2H).13C NMR (101 MHz, CDCl3) δ 167.4, 138.2, 134.4, 

131.6, 128.8, 128.6, 127.9, 127.6, 127.0, 44.2. ESI-HRMS for [M+H]+ C14H14NO calculated: 

212.0992, found: 212.1065. Spectroscopic data was in agreement with previously reported 

data.[8]

N
H

O

N

3o

N-(4-Methylpyridin-2-yl) benzamide (3o): Following the general procedure coupling 

reaction between benzoic acid (50 mg, 0.41 mmol) and 2-amino-4-methoxypyridine (54 mg, 

0.74 mmol) at 50 ℃ afforded compound 3o as a white solid (73 mg, 84%) after purification by 

column chromatography (Hexane: EtOAc, 5:1 to 2:1).1H NMR (500 MHz, CDCl3) δ 8.98 – 

8.83 (m, 1H), 8.27 (s, 1H), 8.12 (t, J = 6.7 Hz, 1H), 7.95 (d, J = 7.3 Hz, 2H), 7.53 (dt, J = 15.1, 

7.3 Hz, 3H), 6.90 (d, J = 4.7 Hz, 1H), 2.41 (s, 3H).13C NMR (126 MHz, CDCl3) δ 165.73, 

151.6, 150.1, 147.5, 134.4, 132.2, 128.9, 127.2, 121.2, 114.7, 21.5. ESI-HRMS for [M+H]+ 



S8

C13H13N2O calculated: 213.0954, found: 213.1027. Spectroscopic data was in agreement with 

previously reported data.[7]

N
H

O

3p

4-(Tert-butyl)-N-phenylbenzamide (3p): Following the general procedure coupling reaction 

between 4-tert-butylbenzoic acid (50 mg, 0.28 mmol) and aniline (0.03 ml, 0.34 mmol) at 50 

℃ afforded compound 3p as a white solid (63 mg, 89%) after purification by column 

chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 8.5 

Hz, 3H), 7.64 (dd, J = 8.5, 1.0 Hz, 2H), 7.51 (d, J = 8.6 Hz, 2H), 7.41 – 7.34 (m, 2H), 7.18 – 

7.12 (m, 1H), 1.36 (s, 9H).13C NMR (101 MHz, CDCl3) δ 165.7, 155.5, 138.1, 132.1, 129.1, 

126.9, 125.8, 124.5, 120.1, 35.0, 31.2. ESI-HRMS for [M+H]+ C17H20NO calculated: 

254.1465, found: 254.1538. Spectroscopic data was in agreement with previously reported 

data.[5]

N
H

O

N

3q

4-(Tert-butyl)-N-(4-methylpyridin-2-yl) benzamide (3q): Following the general procedure 

coupling reaction between 4-tert-butylbenzoicacid (50 mg, 0.28 mmol) and 2-amino-4-

methylpyridine (37 mg, 0.34 mmol) afforded compound 3q as a white solid (62 mg, 83%) after 

purification by column chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, 

CDCl3) δ 8.60 (s, 1H), 8.26 (s, 1H), 8.15 (d, J = 4.7 Hz, 1H), 7.92 – 7.84 (m, 2H), 7.56 – 7.48 

(m, 2H), 6.90 (d, J = 4.7 Hz, 1H), 2.41 (s, 3H), 1.36 (s, 9H).13C NMR (101 MHz, CDCl3) δ 

165.6, 156.1, 151.4, 150.9, 146.4, 131.1, 127.2, 125.9, 121.0, 114.9, 35.1, 31.2, 21.0. ESI-

HRMS for [M+H]+ C17H21N2O calculated: 269.1581, found: 269.1654. Spectroscopic data was 

in agreement with previously reported data.[7]
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N
H

O

3r

4-(Tert-butyl)-N-(prop-2-yn-1-yl) benzamide (3r): Following the general procedure 

coupling reaction between 4-tert-butylbenzoicacid (50 mg, 0.28 mmol) and propargylamine 

(0.02 ml, 0.34 mmol) at 50 ℃ afforded compound 3r as a white solid (48 mg, 80%) after  

purification by column chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (500 MHz, 

CDCl3) δ 7.75 – 7.70 (m, 2H), 7.48 – 7.43 (m, 2H), 6.28 (s, 1H), 4.25 (dd, J = 5.2, 2.6 Hz, 2H), 

2.28 (t, J = 2.6 Hz, 1H), 1.33 (s, 9H).13C NMR (126 MHz, CDCl3) δ 167.1, 155.4, 130.9, 

126.9, 125.6, 79.7, 71.8, 34.9, 31.2, 29.8. ESI-HRMS for [M+H]+ C14H18NO calculated: 

216.1381, found: 216.1383. Spectroscopic data was in agreement with previously reported 

data.[9]

N
H

O

3s

N-Benzyl-4-(tert-butyl) benzamide (3s): Following the general procedure coupling reaction 

between 4-tert-butylbenzoicacid (50 mg, 0.28 mmol) and benzylamine (0.04 ml, 0.34 mmol) 

afforded compound 3s as a white solid (66 mg, 88%) after purification by column 

chromatography (Hexane: EtOAc, 5:1 to 2:1). 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.4 

Hz, 2H), 7.44 (d, J = 8.5 Hz, 2H), 7.35 (d, J = 4.3 Hz, 4H), 7.30 (d, J = 4.5 Hz, 1H), 6.38 (s, 

1H), 4.65 (d, J = 5.7 Hz, 2H), 1.33 (s, 9H).13C NMR (101 MHz, CDCl3) δ 167.3, 155.1, 138.4, 

131.5, 128.8, 127.9, 127.6, 126.8, 125.6, 44.1, 34.9, 31.2. ESI-HRMS for [M+H]+ C18H22NO 

calculated: 268.1693, found: 268.1696. Spectroscopic data was in agreement with previously 

reported data.[10]

N
H

O

3t

4-(Tert-butyl)-N-cyclopentylbenzamide (3t): Following the general procedure coupling 

reaction between 4-tert-butylbenzoicacid (50 mg, 0.28 mmol) and cyclopentylamine (0.03 ml, 
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0.34 mmol) afforded compound 3t as a white solid (58 mg, 84%) after purification by column 

chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 7.71 – 7.65 (m, 

2H), 7.47 – 7.40 (m, 2H), 6.01 (s, 1H), 4.40 (d, J = 7.0 Hz, 1H), 2.14 – 2.04 (m, 2H), 1.76 – 

1.66 (m, 4H), 1.53 – 1.43 (m, 2H), 1.33 (s, 9H).13C NMR (75 MHz, CDCl3) δ 167.1, 154.7, 

132.1, 126.6, 125.5, 51.6, 34.9, 33.3, 31.2, 23.8. ESI-HRMS for [M+H]+ C16H24NO calculated: 

 246.1788, found: 246.1861. mp: 94-97 ℃. 

N
H

O

NO2
3u

4-(Tert-butyl)-N-(4-nitrobenzyl) benzamide (3u): Following the general procedure coupling 

reaction between 4-tert-butylbenzoicacid (50 mg, 0.28 mmol) and 4-nitrobenzylamine (65 mg, 

0.34 mmol) at 50 ℃ afforded compound 3u as a white solid (78 mg, 89%) after purification 

by column chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 8.17 

(d, J = 8.8 Hz, 2H), 7.76 (d, J = 8.5 Hz, 2H), 7.52 – 7.44 (m, 4H), 6.70 (s, 1H), 4.74 (d, J = 6.1 

Hz, 2H), 1.34 (s, 9H).13C NMR (101 MHz, CDCl3) δ 167.6, 155.6, 147.2, 146.2, 130.8, 128.2, 

126.9, 125.7, 123.9, 43.2, 35.0, 31.2. ESI-HRMS for [M+H]+ C18H21N2O3 calculated: 

313.1474, found: 313.1547. mp:149-153℃. 

N

O

3v

N, N-Bibenzyl-4-(tert-butyl) benzamide (3v): Following the general procedure coupling 

reaction between 4-tert-butylbenzoicacid (50 mg, 0.28 mmol) and dibenzyl amine (0.07 ml, 

0.34 mmol) at 50 ℃ afforded compound 3v as a white solid (89 mg, 89%) after purification by 

column chromatography (Hexane: EtOAc, 5:1 to 2:1). 1H NMR (400 MHz, CDCl3) δ 7.45 (d, 

J = 8.5 Hz, 2H), 7.41 – 7.27 (m, 10H), 7.17 (s, 2H), 4.69 (s, 2H), 4.44 (s, 2H), 1.30 (s, 9H).13C 

NMR (101 MHz, CDCl3) δ 172.5, 152.9, 137.1, 136.7, 133.1, 128.9, 128.7, 128.4, 127.6, 

127.5, 127.1, 126.7, 125.5, 51.7, 46.9, 34.8, 31.2. ESI-HRMS for [M+H]+ C25H28NO 

calculated: 358.2092, found: 358.2165. mp: 100-103℃. 
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N
H

O
NO2

3w

4-(Tert-butyl)-N-(4-nitrophenyl) benzamide (3w): Following the general procedure 

coupling reaction between 4-tertbutylbenzoicacid (50 mg, 0.28 mmol) and 4-nitroaniline (47 

mg, 0.34 mmol) at 50 ℃ afforded compound 3w as a white solid (74 mg, 89%) after 

purification by column chromatography (Hexane: EtOAc, 5:1 to 2:1).1H NMR (500 MHz, 

CDCl3) δ 8.49 (t, J = 2.1 Hz, 1H), 8.16 – 8.09 (m, 2H), 7.99 (dd, J = 8.2, 0.9 Hz, 1H), 7.85 – 

7.81 (m, 2H), 7.53 (t, J = 8.5 Hz, 3H), 1.36 (s, 9H).13C NMR (101 MHz, CDCl3) δ 165.9, 

156.2, 148.6, 139.3, 131.1, 129.9, 127.0, 125.9, 118.9, 114.9, 35.1, 31.2. ESI-HRMS for 

[M+H]+ C17H19N2O3 calculated: 299.1318, found: 299.1392.  Spectroscopic data was in 

agreement with previously reported data.[11]

N
H

O

NO2 3x

3-Nitro-N-phenylbenzamide (3x): Following the general procedure coupling reaction 

between 3-nitrobenzoicacid (50 mg, 0.30 mmol) and aniline (0.03 ml, 0.36 mmol) at 50 ℃ 

afforded compound 3x as a pale yellow solid (62 mg, 85 after purification by column 

chromatography (Hexane: EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 8.70 (s, 1H), 8.43 

– 8.38 (m, 1H), 8.26 (d, J = 7.7 Hz, 1H), 7.98 (s, 1H), 7.74 – 7.62 (m, 3H), 7.40 (t, J = 7.9 Hz, 

2H), 7.20 (t, J = 7.4 Hz, 1H).13C NMR (101 MHz, CDCl3) δ 163.4, 148.3, 137.3, 136.6, 133.4, 

130.1, 129.3, 126.4, 125.3, 121.9, 120.6. ESI-HRMS for [M+H]+ C13H11N2O3 calculated: 

243.0697, found: 243.0770. Spectroscopic data was in agreement with previously reported 

data.[12]

N
H

O

3y

O2N

3-Nitro-N-(prop-2-yn-1-yl) benzamide (3y): Following the general procedure coupling 

reaction between 3-nitrobenzoicacid (50 mg, 0.30 mmol) and propargylamine (0.02 ml, 0.36 

mmol) at 50 ℃ afforded compound 3y as a yellow solid (51 mg, 83%) after purification by 



S12

column chromatography (Hexane: EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 8.62 (s, 

1H), 8.39 (d, J = 8.2 Hz, 1H), 8.18 (d, J = 7.8 Hz, 1H), 7.68 (t, J = 8.0 Hz, 1H), 6.45 (s, 1H), 

4.30 (dd, J = 5.1, 2.5 Hz, 2H), 2.33 (t, J = 2.5 Hz, 1H).13C NMR (126 MHz, CDCl3) δ 164.7, 

148.3, 135.4, 133.3, 130.0, 126.5, 121.87, 78.8, 72.6, 30.1. ESI-HRMS for [M+H]+ C10H9N2O3 

calculated: 205.0540, found: 205.0613. Spectroscopic data was in agreement with previously 

reported data.[13]

N
H

O

Cl 3z
4-Chloro-N-cyclopentylbenzamide (3z): Following the general procedure coupling reaction 

between 4-chlorobenzoicacid (50 mg, 0.32 mmol) and cyclopentylamine (0.04 ml, 0.38 mmol) 

at 50 ℃ afforded compound 3z as a white solid (58 mg, 81%) after purification by column 

chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 7.71 – 7.66 (m, 

2H), 7.40 (d, J = 8.6 Hz, 2H), 5.99 (s, 1H), 4.39 (dd, J = 13.9, 6.9 Hz, 1H), 2.16 – 2.05 (m, 

2H), 1.69 (ddt, J = 13.3, 9.8, 7.0 Hz, 4H), 1.55 – 1.43 (m, 2H).13C NMR (101 MHz, CDCl3) 

δ 166.1, 137.5, 133.3, 128.8, 128.3, 51.9, 33.2, 23.8. ESI-HRMS for [M+H]+ C12H15ClNO 

calculated: 224.0765, found: 224.0838. Spectroscopic data was in agreement with previously 

reported data.[14]

N
H

O

Cl 3aa

4-Chloro-N-phenylbenzamide (3aa): Following the general procedure coupling reaction 

between 4-chlorobenzoicacid (50 mg, 0.32 mmol) and aniline (0.03 ml, 0.38 mmol) at 50 ℃  

afforded compound 3aa as a white solid (62 mg, 84%) after purification by column 

chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 8.6 

Hz, 2H), 7.76 (s, 1H), 7.67 – 7.62 (m, 2H), 7.53 – 7.47 (m, 2H), 7.44 – 7.37 (m, 2H), 7.23 – 

7.16 (m, 1H).13C NMR (101 MHz, CDCl3) δ 164.6, 138.2, 137.7, 133.4, 129.1, 129.1, 128.5, 

124.8, 120.3. ESI-HRMS for [M+H] + C13H11ClNO calculated: 232.0453, found: 232.0526.

Spectroscopic data was in agreement with previously reported data.[5]
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H
N

O

3ab

N-Phenylheptanamide (3ab): Following the general procedure coupling reaction between 

heptanoic acid (50 mg, 0.38 mmol) and aniline (0.04 ml, 0.46 mmol) at 50 ℃ afforded 

compound 3ab as a light-brown oil (57.6 mg, 74%) after purification by column 

chromatography (Hexane: EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 7.8 

Hz, 1H), 7.31 (t, J = 7.9 Hz, 1H), 7.25 – 7.06 (m, 2H), 6.76 (tt, J = 7.5, 1.0 Hz, 1H), 6.71 – 

6.67 (m, 1H), 2.34 (td, J = 7.6, 3.0 Hz, 2H), 1.77 – 1.58 (m, 2H), 1.43 – 1.23 (m, 6H), 0.89 (dd, 

J = 7.1, 6.1 Hz, 3H).13C NMR (101 MHz, CDCl3) δ 171.9, 138.1, 128.9, 124.2, 119.9, 37.8, 

31.6, 28.9, 25.7, 22.5, 14.1. ESI-HRMS for [M+H]+ C13H20NO calculated: 206.1466, found: 

206.1539.  Spectroscopic data was in agreement with previously reported data.[1]

Ester substrate Scope:

O

O

5a

Benzyl 4-(tert-butyl) benzoate (5a): Following the general procedure coupling reaction 

between 4-tert-butylbenzoic acid (50 mg, 0.28 mmol) and benzyl alcohol (0.03 ml, 0.33 mmol) 

at 50 ℃ afford compound 5a as a clear oil (49 mg, 65%) after purification by column 

chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (500 MHz, CDCl3) δ 8.03 – 7.99 (m, 

2H), 7.47 – 7.41 (m, 4H), 7.40 – 7.30 (m, 3H), 5.36 (s, 2H), 1.33 (s, 9H).13C NMR (101 MHz, 

CDCl3) δ 166.5, 156.7, 136.3, 129.6, 128.6, 128.2, 128.1, 127.4, 125.38, 66.5, 35.1, 31.2. ESI-

HRMS for [M+Na]+ C18H20NaO2 calculated: 291.1275, found: 291.1348. Spectroscopic data 

was in agreement with previously reported data.[15]

4-Nitrophenyl 4-(tert-butyl) benzoate (5b): Following the general procedure coupling 

reaction between 4-tert-butylbenzoic acid (50 mg, 0.28 mmol) and 4-nitro phenol (47 mg, 0.33 

mmol) at 50 ℃ afford compound 5b as a white solid (48 mg, 57%) after purification by column 

O

O
NO2

5b
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chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 8.32 (d, J = 9.2 

Hz, 2H), 8.13 (d, J = 8.7 Hz, 2H), 7.56 (d, J = 8.7 Hz, 2H), 7.41 (d, J = 9.2 Hz, 2H), 1.38 (s, 

9H).13C NMR (101 MHz, CDCl3) δ 164.3, 158.3, 155.9, 145.4, 130.3, 125.8, 125.7, 125.3, 

122.7, 35.3, 31.1. ESI-HRMS for [M+H]+ C17H18NO4 calculated: 300.1156, found: 300.1229.

Spectroscopic data was in agreement with previously reported data.[16]

O

O

5c
Br

2-Bromophenyl 4-(tert-butyl) benzoate (5c): Following the general procedure coupling 

reaction between 4-tert-butylbenzoic acid (50 mg, 0.28 mmol) and 2-bromo phenol (0.04 ml, 

0.33 mmol) at 50 ℃ afford compound 5c as a light-yellow solid (48 mg, 51%) after purification 

by column chromatography (Hexane:EtOAc, 5:1 to 2:1).1H NMR (400 MHz, CDCl3) δ 8.22 

– 8.16 (m, 2H), 7.65 (dd, J = 8.0, 1.4 Hz, 1H), 7.58 – 7.52 (m, 2H), 7.37 (td, J = 8.1, 1.5 Hz, 

1H), 7.29 – 7.24 (m, 1H), 7.15 (td, J = 8.0, 1.5 Hz, 1H), 1.37 (s, 9H).13C NMR (126 MHz, 

CDCl3) δ 164.3, 157.7, 148.6, 133.4, 130.4, 128.5, 127.3, 126.2, 125.7, 124.0, 116.4, 35.3, 

31.2. ESI-HRMS for [M+H]+ C17H18BrO2 calculated: 333.0406, found: 333.0479. mp: 61-

64℃. 

O

O

5d

Prop-2-yn-1-yl-4-(tert-butyl) benzoate (5d): Following the general procedure coupling 

reaction between 4-tert-butylbenzoic acid (50 mg, 0.28 mmol) and propargyl alcohol (0.02 ml, 

0.33 mmol) at 50 ℃ afford compound 5d as a light-yellow oil (36 mg, 59%) after purification 

by column chromatography (Hexane:EtOAc, 5:1 to 2:1). 1H NMR (400 MHz, CDCl3) δ 8.00 

(d, J = 8.6 Hz, 2H), 7.46 (d, J = 8.6 Hz, 2H), 4.91 (d, J = 2.5 Hz, 2H), 2.50 (t, J = 2.5 Hz, 1H), 

1.34 (s, 9H).13C NMR (126 MHz, CDCl3) δ 161.1, 152.3, 124.9, 121.9, 120.7, 73.2, 70.1, 47.5, 

30.4, 26.4. ESI-HRMS for [M+H]+ C14H17O2 calculated: 217.1131, found: 217.1203.  

Spectroscopic data was in agreement with previously reported data.[17]
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((2R,3R,4S,5R,6S)-3,4,5-tris(benzyloxy)-6-Methoxytetrahydro-2H-pyran-2-yl)methyl 3-

(3,4-bis(allyloxy)phenyl)propanoate (5e):

Following the general procedure allylated caffeic acid derivative (50 mg, 0.19 mmol) and α-

methoxy-6-hydroxy-2,3,4-tribenzylglucopyranoside (160 mg, 0.34 mmol) afforded compound 

5e as a white solid (75 mg, 56%) purifying through column chromatography (Hexane:EtOAc, 

7:1 to 3:1). 1H NMR (500 MHz, CDCl3) δ 7.51 (d, J = 15.9 Hz, 1H), 7.33 – 7.15 (m, 15H), 

6.99 (d, J = 5.1 Hz, 2H), 6.80 (d, J = 8.8 Hz, 1H), 6.18 (d, J = 15.9 Hz, 1H), 6.01 (dtd, J = 22.2, 

10.3, 5.2 Hz, 2H), 5.40 – 5.30 (m, 2H), 5.23 (d, J = 10.5 Hz, 2H), 4.94 (d, J = 10.7 Hz, 1H), 

4.83 – 4.71 (m, 3H), 4.62 – 4.49 (m, 7H), 4.37 (dd, J = 12.0, 4.3 Hz, 1H), 4.30 (dd, J = 12.0, 

1.9 Hz, 1H), 3.96 (t, J = 9.2 Hz, 1H), 3.81 (dd, J = 10.0, 1.8 Hz, 1H), 3.54 – 3.45 (m, 2H), 3.32 

(s, 3H). 13C NMR (101 MHz, CDCl3) δ 166.9, 150.8, 148.6, 145.2, 138.6, 138.1, 137.9, 133.1, 

132.9, 128.5, 128.1, 128.1, 128.0, 128.0, 127.8, 127.5, 122.9, 118.0, 118.0, 115.3, 113.4, 112.6, 

98.1, 82.1, 79.9, 77.5, 75.9, 75.2, 73.4, 70.0, 69.8, 68.8, 62.9, 55.3. ESI-HRMS for [M+Na]+ 

C43H46O9Na+
  calculated: 729.3040, found: 730.3016.

Methyl-O-benzyl-N-((tert-butoxycarbonyl)-L-isoleucyl)-D-serinate (8):

Following the general procedure coupling reaction between carboxylic acid 6 (1.0 g, 4.32 

mmol) and corresponding amine 7 (0.904 mg, 4.32 mmol) afforded compound 8 as a white 

solid  (1.6 g, 76%) after purifying through column chromatography (Hexane:EtOAc, 4:1). 1H 

NMR (400 MHz, CDCl3) δ 7.39 – 7.20 (m, 5H), 6.68 (d, J = 8.2 Hz, 1H), 5.10 (d, J = 8.6 Hz, 

1H), 4.78 – 4.70 (m, 1H), 4.61 – 4.39 (m, 2H), 4.05 (t, J = 7.4 Hz, 1H), 3.89 (ddd, J = 9.5, 3.3, 

1.7 Hz, 1H), 3.81 – 3.58 (m, 4H), 1.88 (d, J = 8.8 Hz, 1H), 1.44 (d, J = 1.8 Hz, 10H), 1.21 – 
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1.08 (m, 1H), 1.01 – 0.84 (m, 6H).13C NMR (101 MHz, CDCl3) δ 171.3, 170.4, 155.6, 137.4, 

128.9, 128.5, 127.9, 127.7, 125.3, 120.4, 109.3, 73.3, 69.5, 59.1, 52.5, 37.7, 28.3, 24.7, 15.5, 

11.6. Spectroscopic data was in agreement with previously reported data.[18]

Methyl-O-benzyl-N-(tert-butoxycarbonyl)-D-alloisoleucyl-L-isoleucyl-D-serinate (10):

Compound 8 (1004 mg 3.11 mmol) was treated with 20 ml CH2Cl2/TFA (1:1) in room 

temperature for 1 hour resulting Boc deprotected amine after workup with sodium bicarbonate 

solution. Following the general procedure coupling reaction between carboxylic acid 9 (600 

mg, 2.59 mmol), and crude amine afforded compound 10 as a white solid (0.92 g, 65%) 

purifying through column chromatography (Hexane:EtOAc, 3:1).  1H NMR (400 MHz, 

CDCl3) δ 7.38 – 7.23 (m, 5H), 6.72 – 6.63 (m, 2H), 4.99 (s, 1H), 4.72 (dt, J = 8.1, 3.3 Hz, 1H), 

4.58 – 4.35 (m, 3H), 4.23 – 4.06 (m, 1H), 3.90 (dd, J = 9.5, 3.2 Hz, 1H), 3.73 (s, 3H), 3.64 (dd, 

J = 9.5, 3.2 Hz, 1H), 2.04 – 1.85 (m, 3H), 1.44 (s, 9H), 1.29 – 1.12 (m, 2H), 0.93 (dt, J = 14.1, 

7.1 Hz, 9H), 0.82 (d, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 171.74, 170.74, 170.29, 

155.74, 137.35, 128.50, 127.97, 127.74, 125.28, 120.36, 109.34, 104.91, 73.33, 69.37, 58.17, 

57.38, 52.55, 37.64, 37.16, 28.29, 26.46, 24.77, 15.33, 14.22, 11.74, 11.38. ESI-HRMS: 

C28H45N3O7 (M+H): calculated: 536.3336, found: 536.3336. Spectroscopic data was in 

agreement with previously reported data.[18]

Methyl-N-(((9H-fluoren-9-yl) methoxy) carbonyl) glycyl-D-alloisoleucyl-L-isoleucyl-O-

benzyl-D-serinate (12):  
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Compound 10 (352 mg, 0.807 mmol) was treated with 10 ml CH2Cl2/TFA (1:1) in room 

temperature for 1 hour resulting Boc deprotected amine after workup with sodium bicarbonate 

solution. Following the general procedure coupling between carboxylic acid 11 (200 mg, 0.673 

mmol), and crude amine afford compound 12 as a colorless oil (262 mg, 54%) purifying 

through column chromatography (Hexane:EtOAc, 1:3).  1H NMR (400 MHz, CDCl3) δ 7.75 

(d, J = 7.4 Hz, 2H), 7.57 (d, J = 6.8 Hz, 2H), 7.39 (td, J = 7.5, 2.7 Hz, 2H), 7.30 (d, J = 7.6 Hz, 

4H), 7.24 (s, 1H), 7.23 – 7.17 (m, 2H), 6.74 (d, J = 8.8 Hz, 1H), 5.71 (s, 1H), 4.80 – 4.72 (m, 

1H), 4.60 – 4.49 (m, 2H), 4.38 (ddq, J = 24.1, 17.5, 8.3 Hz, 5H), 4.17 (t, J = 6.9 Hz, 1H), 3.96 

(d, J = 4.5 Hz, 1H), 3.84 (dd, J = 9.5, 3.5 Hz, 1H), 3.73 (d, J = 3.7 Hz, 1H), 3.65 (d, J = 4.6 

Hz, 3H), 3.60 (dd, J = 9.6, 3.2 Hz, 1H), 1.97 – 1.88 (m, 2H), 1.47 (dd, J = 13.0, 5.5 Hz, 2H), 

1.42 (d, J = 4.5 Hz, 1H), 1.20 – 1.14 (m, 2H), 0.97 – 0.94 (m, 5H), 0.90 (dt, J = 6.3, 3.6 Hz, 

7H).13C NMR (126 MHz, CDCl3) δ 171.1, 170.9, 170.6, 169.3, 156.6, 143.8, 141.3, 137.3, 

128.5, 127.9, 127.7, 127.1, 125.1, 119.9, 73.2, 69.6, 67.3, 57.6, 56.9, 52.5, 47.1, 44.5, 37.7, 

31.9, 29.7, 29.4, 26.3, 24.8, 22.7, 15.5, 14.5, 14.2, 11.7, 11.4. ESI-HRMS for C40H51N4O8 

(M+H): calculated: 715.3701, found: 715.3709.

NMR studies for understanding reaction mechanisms:

Scheme S1: 19F NMR of reaction mixture without amine
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Synthesis of sulfonyl fluorides: 

N

SO2F

P-2

3-Pyridinesulfonyl Fluoride: 3-Pyridinesulfonyl Chloride (500 mg, 2.82 mmol) was treated 

with 2equiv. KHF2 (440 mg, 5.63 mmol) by dissolving in a biphasic solution of H2O and 

acetonitrile. The reaction mixture was stirred at room temperature for 3 hours, followed by the 

reaction mixture was transferred to a separating funnel, and the organic layer was extracted 

with ethyl acetate, and dried over sodium sulphate. Next, the organic part was concentrated by 

rotary evaporation to give the desired 3-pyridinesulfonyl fluoride as a white solid. 

Spectroscopic data was in agreement with previously reported data.[19]

N
SO2F

P-3

8-Quinolinesulfonyl Fluoride: 8-Puinolinesulfonyl Chloride (500 mg, 2.19 mmol) was 

treated with 2 equiv. KHF2 (343 mg, 4.39 mmol) by dissolving in a biphasic solution of H2O 

and acetonitrile. The reaction mixture was stirred at room temperature for 3 hours, followed by 

the reaction mixture was transferred to a separating funnel, and organic layer was extracted 

with ethyl acetate, and dried over sodium sulphate. Next, the organic part was concentrated by 

rotary evaporation to give the desired 8-quinolinesulfonyl fluoride as a white solid. 

Spectroscopic data was in agreement with previously reported data.[20]
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1H NMR of 3-pyridinesulfonyl fluoride P-2 (400 MHz, CDCl3)
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1H NMR of 8-quinolinesulfonyl fluoride P-3 (400 MHz, CDCl3)
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