
S-1 

 

Synthesis of Ortho-Arylated and Alkenylated Benzamides by Palladium-

Catalyzed Denitrogenative Cross-Coupling Reactions of 1,2,3-Benzotriazin-

4(3H)‑Ones with Organoboronic Acids 

Madasamy Hari Balakrishnana, Madasamy Kanagarajb, Velayudham Sankara, Mahesh Kumar 

Ravvab and Subramaniyan Mannathanb* 

aDepartment of Chemistry, SRM Institute of Science and Technology, Kattankulathur, 

Chennai, India-603 203 

bDepartment of Chemistry, SRM University-AP, Andhra Pradesh, India-522 502. 

Email ID: mannathan.s@srmap.edu.in  

 

 

Supporting Information 

 

Table of Contents 

Page S2-S5 Experimental Section 

Page S6-17 1H, 13C NMR and HRMS data 

Page S17 References 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021

mailto:mannathan.s@srmap.edu.in


S-2 

 

Experimental Section 

General Information 

All experiments were carried out in an oven-dried glassware, in an atmosphere of argon, unless 

specified otherwise, by standard Schenk techniques. All the solvents used for extraction, 

filtration and flash chromatography were purchased from Fisher scientific and used without 

further purification. Flash column chromatography was performed on 100-200 mesh silica gel. 

1H-, 13C-, NMR spectroscopy was performed on Bruker BBFO (500 MHz) spectrometer. 

Chemical shifts were determined relative to the residual solvent peaks (CHCl3, δ = 7.26 for 1H 

NMR, δ = 77.0 for 13C NMR). The mass spectra were recorded on an Agilent 6200 Series TOF 

LC/MS spectrometer and Q-TOF Micro mass spectrometer. Pd(OAc)2 were purchased from 

Sigma Aldrich and used. The starting materials, 1,2,3-Benzotriazin-4(3H)-one (1a-1m) were 

prepared according to literature procedure1. Organo boronic acid 2 were purchased from 

Spectrochem, Alfa Aesar Sigma Aldrich and used. Ligands such as Xantphos, triphenyl 

phosphine (PPh3), tri(2-furyl) phosphine (TFP), diphenyl phosphino ethane (dppe), diphenyl 

phosphino propane (dppp), 2,2’-bipyridine, 1,10-Phenanthroline were purchased from Sigma 

Aldrich, Alfa Aesar and used. 

Computational Methodology 

All geometry optimizations of reactants, intermediates, transition states, and products are 

performed using M06L functional in conjunction with 6-311G* basis set for C, P, N, O, and H 

and SDD effective core potentials for Pd and Ni. Vibrational analysis has been carried out on 

optimized geometries and no imaginary frequencies were observed in the cases of reactants, 

intermediates, and products. However, in the cases of transition state one imaginary frequency 

related to bond formation is observed. Further, intrinsic reaction coordinate analysis has been 

carried to confirm reactants and products are connected through transition state. The solvents 

effects are studied using SMD model and 1,4-dioxane is considered as solvent. All calculations 

are performed using Gaussian 16 suite of package.4 
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General procedure for palladium-catalyzed ortho-arylation and alkenylation of 1,2,3-

Benzotriazin-4(3H)-ones (1) with organoboronic acids (2). 

 

An oven-dried pressure tube containing 1,2,3-Benzotriazin-4(3H)-one 1 (0.40 mmol), 

organoboronic acid 2 (0.60 mmol), Pd(OAc)2 (0.04 mmol), Xantphos (0.04 mmol), and 

Na2CO3 (0.4 mmol) was evacuated and purged with argon gas three times at room temperature. 

To that, dry DMF (2.0 mL) was added and stirred for 2 minutes at room temperature. The 

sealed tube was then placed in a preheated oil bath at 100 °C for 12 h. After completion of the 

reaction, the mixture was cooled and diluted with ethyl acetate (30 mL). The mixture was 

filtered through a Celite and silica gel pad and was washed with ethyl acetate (3 x 15 mL). The 

reaction mass was poured into 50 mL of water and shaken well. The organic layer was 

separated, dried over anhydrous sodium sulfate, and concentrated under vacuum. The residue 

was purified by silica gel column chromatography using suitable eluent to afford the desired 

product 3. 

Table-1: Effect of other palladium catalystsa 

 

 

Entry Catalyst Ligand Yield (%) b 

1 Pd(Tfa)2 Xantphos 90 

2 PdCl2(PPh3)2 - 81 

3 Pd(dba)2 Xantphos 47 

4 Pd(dba)2 PPh3 (20 mol%) 73 
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Table-2: Effect of watera

5 Pd(PPh3)4 - 33 

aAll the reactions were carried out using 1,2,3-benzotriazin-4-(3H)-one (1a) (0.4 

mmol), phenyl boronic acid (2a) (0.6 mmol), [Pd] (0.04 mmol), ligand (0-0.08 mmol), 

sodium carbonate (0.4 mmol) and dry DMF (2.0) mL at 100 °C for 12 h under argon 

atmosphere. bGC yields. 

Entry Water content 

Yield (%) b 

3aa 3aa’ 

1 - 95 3 

2 1.0 equiv 93 5 

3 2.0 equiv 92 7 

4 3.0 equiv 90 9 

5 5.0 equiv 88 10 

6 10.0 equiv 85 15 

7 100.0 equiv 51 43 

c8 - 75 8 

aAll the reactions were carried out using 1,2,3-benzotriazin-4-(3H)-one (1a) (0.4 mmol), 

phenyl boronic acid (2a) (0.6 mmol), Pd(OAc)2 (0.04 mmol), Xantphos (0.04 mmol), 

sodium carbonate (0.4 mmol) and H2O (X.0 equiv) and dry DMF (2.0) mL at 100 °C for 

12 h under argon atmosphere. bGC yields, cNormal DMF was used as solvent. 
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Procedure for the synthesis of N-(4-methoxyphenyl)-[1,1'-biphenyl]-2-carboxamide (3aa) 

in a gram scale. 

 

A sealed tube containing 1,2,3-benzotriazin-4(3H)-ones 1a (1g, 4 mmol), 

phenylboronic acid 2a (0.731g, 6 mmol), Pd(OAc)2 (0.045g, 0.2 mmol), Xantphos (0.116g, 0.2 

mmol) and Na2CO3 (0.424g, 4 mmol) was evacuated and purged with argon gas three times. 

To this mixture, dry DMF (8.0 mL) was added via syringe under argon atmosphere at room 

temperature and stirred for 2 min. The sealed tube was then placed in a preheated oil bath at 

100 °C for 12 h. After completion of reaction, the mixture was cooled and diluted with ethyl 

acetate (50 mL). The mixture was filtered through a celite bed and was washed with ethyl 

acetate (3 × 20 mL). The reaction mass was poured into 80 mL of water and shaken well. The 

organic layer was separated, dried on anhydrous sodium sulphate bed and concentrated under 

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

hexane:ethyl acetate (93:7) as eluent to afford the desired pure product 3aa (1.08g, 89%). 

Procedure for the preparation of N-(4-methoxyphenyl)-2-phenethylbenzamide (5a). 

 

N-(4-methoxyphenyl)-2-phenethylbenzamide (5a) has been prepared according to the 

literature procedure2. 3am (132 mg, 0.40 mmol), Pd/C (0.04 mmol) and acetic acid (2 mL) 

were taken in a sealed tube closed with rubber septum. The tube was evacuated and filled with 

hydrogen gas purged from a balloon for three times. The reaction mixture was allowed to stir 

at rt for 2 h. After the reaction completion, the reaction mixture was diluted with ethyl acetate 

(20 mL), filtered through a celite bed, and washed the bed with ethyl acetate (3 × 10 mL). Then 

the reaction mixture was washed with water (30 mL) and brine (20 mL). The extract was dried 

with anhydrous Na2SO4. The solvent was removed under reduced pressure and the crude 
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residue was purified through a silica gel column using hexane:ethyl acetate (9:1) as eluent to 

afford the desired pure product 5 (128 mg, 97% yield).  

Procedure for the preparation of N-(4-methoxyphenyl)-2-pentylbenzamide (5b). 

 

N-(4-methoxyphenyl)-2-pentylbenzamide (5b) has been prepared according to the 

literature procedure2. 3ap (118 mg, 0.4 mmol), Pd/C (0.04 mmol) and acetic acid (2 mL) were 

taken in a sealed tube closed with rubber septum. The tube was then evacuated and filled with 

hydrogen gas purged from a balloon for three times. The reaction mixture was allowed to stir 

at rt for 2 h. After the reaction completion, the reaction mixture was filtered through a celite 

bed and washed the bed with ethyl acetate 5 mL as three times. Then, the reaction mixture was 

washed with water (30 mL) and brine (20 mL). The extract was dried with anhydrous Na2SO4. 

The solvent was removed under reduced pressure and the crude residue was purified through a 

silica gel column using hexane:ethyl acetate (9:1) as eluent to afford the desired pure product 

5b (116 mg, 98% yield).  
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1H NMR, 13C NMR, HRMS data 

N-(4-Methoxyphenyl)-[1,1'-biphenyl]-2-carboxamide (3aa) 

 

Colorless solid (113 mg, 93% yield); mp: 152-153 °C; 1H NMR (500 MHz, CDCl3) δ 7.87 (d, 

J = 7.1 Hz, 1H), 7.57 – 7.50 (m, 1H), 7.44 (ddd, J = 13.8, 10.1, 5.2 Hz, 7H), 7.04 – 6.98 (m, 

2H), 6.81 (s, 1H), 6.76 (d, J = 8.9 Hz, 2H), 3.75 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.0, 

156.5, 140.0, 139.4, 135.3, 130.5, 130.2, 129.5, 128.9, 128.8, 128.0, 127.8, 121.8, 113.9, 55.4; 

HRMS calculated for C20H17NO2 [M+H]+: 304.1338, found 304.1330; Purification: Flash 

chromatography; Eluent: hexane/EtOAc (93/7); Rf = 0.35. 

4'-Methoxy-N-(4-methoxyphenyl)-[1,1'-biphenyl]-2-carboxamide (3ab) 

 

Colorless solid (104 mg, 78% yield); mp: 133-134 °C; 1H NMR (500 MHz, CDCl3) δ 7.84 (d, 

J = 7.6 Hz, 1H), 7.51 (td, J = 7.5, 1.3 Hz, 1H), 7.44 (dd, J = 7.6, 1.0 Hz, 1H), 7.40 (t, J = 7.3 

Hz, 3H), 7.10 – 7.05 (m, 2H), 6.97 (d, J = 8.7 Hz, 2H), 6.87 (s, 1H), 6.78 (d, J = 9.0 Hz, 2H), 

3.83 (s, 3H), 3.76 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.32, 159.5, 156.5, 139.0, 135.2, 

132.2, 130.7, 130.5, 130.3, 130.0, 129.4, 127.4, 121.8, 114.3, 114.0, 55.4, 55.4; HRMS 

calculated for C21H19NO3 [M+H]+: 334.1443, found 334.1441; Purification: Flash 

chromatography; Eluent: hexane/EtOAc (9/1); Rf = 0.32. 

N-(4-Methoxyphenyl)-4'-methyl-[1,1'-biphenyl]-2-carboxamide (3ac) 
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Colorless solid (103 mg, 81%);  mp: 147-148 °C; 1H NMR (500 MHz, CDCl3) δ 7.86 (d, J = 

7.7 Hz, 1H), 7.52 (td, J = 7.4, 1.2 Hz, 1H), 7.48 – 7.43 (m, 1H), 7.40 (d, J = 7.5 Hz, 1H), 7.37 

(d, J = 8.0 Hz, 2H), 7.26 (s, 1H), 7.24 (s, 1H), 7.07 – 7.00 (m, 2H), 6.85 (s, 1H), 6.81 – 6.74 

(m, 2H), 3.76 (s, 3H), 2.40 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.2, 156.4, 139.4, 137.8, 

137.0, 135.2, 130.7, 130.5, 130.3, 129.6, 129.4, 128.7, 127.6, 121.8, 113.9, 55.4, 21.2; HRMS 

calculated for C21H19NO2 [M+H]+: 318.1494, found 318.1482; Purification: Flash 

chromatography; Eluent: hexane/EtOAc (95/5); Rf = 0.37. 

4'-Fluoro-N-(4-methoxyphenyl)-[1,1'-biphenyl]-2-carboxamide (3ad) 

 

Colorless solid (122 mg, 95% yield); mp: 167-168 °C; 1H NMR (500 MHz, CDCl3) δ 7.81 – 

7.76 (m, 1H), 7.52 (td, J = 7.5, 1.3 Hz, 1H), 7.48 – 7.42 (m, 3H), 7.39 (dd, J = 7.6, 0.7 Hz, 1H), 

7.15 – 7.07 (m, 4H), 6.88 (s, 1H), 6.82 – 6.77 (m, 2H), 3.76 (s, 3H); 13C NMR (126 MHz, 

CDCl3) δ 167.2, δ 162.6 (d, JC-F = 247.9 Hz), 138.3, 135.9 (d, J C-F = 3.4 Hz), 135.6, 130.5 (d, 

JC-F = 6.8 Hz), 130.4, 130.3 (d, JC-F = 15.9 Hz), 129.1, 127.9, 121.8, 115.8 (d, JC-F = 21.6 Hz), 

114.1, 55.4; HRMS calculated for C20H16NO2F [M+H]+: 322.1243, found 322.1236; 

Purification: Flash chromatography; Eluent: hexane/EtOAc (95/5); Rf = 0.31. 

N-(4-Methoxyphenyl)-4'-(trifluoromethyl)-[1,1'-biphenyl]-2-carboxamide (3ae) 

 

Colorless solid (138 mg, 93% yield); mp: 185-186 °C; 1H NMR (500 MHz, CDCl3) δ 7.79 (d, 

J = 6.7 Hz, 1H), 7.68 (d, J = 7.7 Hz, 2H), 7.58 (dd, J = 18.9, 7.6 Hz, 3H), 7.51 (t, J = 7.0 Hz, 

1H), 7.43 (d, J = 7.5 Hz, 1H), 7.07 (d, J = 8.3 Hz, 2H), 6.86 (s, 1H), 6.79 (d, J = 8.0 Hz, 2H), 

3.77 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.0, 156.7, 143.7, 138.2, 135.9, 130.7, 130.3, 

130.2, 130.1, 129.8, 129.1, 129.0, 128.5, 125.7 (m, J C-F = 7.4, 3.7 Hz), 121.8, 114.1, 55.4; 

HRMS calculated for C21H16NO2F3 [M+H]+: 372.1211, found 372.1204; Purification: Flash 

chromatography; Eluent: hexane/EtOAc (92/8); Rf = 0.35. 
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4'-Cyano-N-(4-methoxyphenyl)-[1,1'-biphenyl]-2-carboxamide (3af) 

 

Colorless solid (119 mg, 91% yield); mp: 162-163 °C; 1H NMR (500 MHz, CDCl3) δ 7.74 – 

7.69 (m, 1H), 7.67 (d, J = 8.2 Hz, 2H), 7.59 – 7.53 (m, 3H), 7.49 (t, J = 7.3 Hz, 1H), 7.41 (d, J 

= 7.6 Hz, 1H), 7.15 (t, J = 6.0 Hz, 2H), 7.12 (s, 1H), 6.81 (d, J = 8.9 Hz, 2H), 3.77 (s, 3H); 13C 

NMR (126 MHz, CDCl3) δ 166.9, 156.8, 144.7, 137.8, 136.0, 132.3, 130.7, 130.3, 130.1, 129.3, 

128.7, 128.7, 121.7, 118.5, 114.2, 111.5, 55.4; HRMS calculated for C21H16N2O2 [M+H]+: 

328.1290, found 328.1284; Purification: Flash chromatography; Eluent: hexane/EtOAc 

(85/15); Rf = 0.37. 

4'-Formyl-N-(4-methoxyphenyl)-[1,1'-biphenyl]-2-carboxamide (3ag) 

 

Colorless solid (116 mg, 88% yield); mp: 172-173 °C; 1H NMR (500 MHz, CDCl3) δ 10.04 (s, 

1H), 7.96 – 7.91 (m, 2H), 7.80 (dd, J = 7.6, 1.2 Hz, 1H), 7.66 (d, J = 8.1 Hz, 2H), 7.58 (td, J = 

7.5, 1.4 Hz, 1H), 7.52 (td, J = 7.5, 1.3 Hz, 1H), 7.46 (dd, J = 7.6, 1.1 Hz, 1H), 7.13 – 7.09 (m, 

2H), 6.90 (s, 1H), 6.81 – 6.77 (m, 2H), 3.76 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 191.8, 

167.0, 156.7, 146.2, 138.3, 136.0, 135.5, 130.7, 130.4, 130.2, 130.1, 129.4, 129.0, 128.6, 121.7, 

114.1, 55.4; HRMS calculated for C21H17NO3 [M+H]+: 332.1287, found 332.1296; 

Purification: Flash chromatography; Eluent: hexane/EtOAc (9/1); Rf = 0.4. 

4'-Acetyl-N-(4-methoxyphenyl)-[1,1'-biphenyl]-2-carboxamide (3ah) 

 

Colorless solid (127 mg, 92% yield); mp: 148-149 °C; 1H NMR (500 MHz, CDCl3) δ 7.99 (d, 

J = 8.2 Hz, 2H), 7.76 (d, J = 7.5 Hz, 1H), 7.55 (dd, J = 11.8, 8.0 Hz, 3H), 7.48 (t, J = 7.4 Hz, 
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1H), 7.43 (d, J = 7.6 Hz, 1H), 7.11 (d, J = 8.9 Hz, 2H), 7.04 (s, 1H), 6.77 (d, J = 8.9 Hz, 2H), 

3.75 (s, 3H), 2.60 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 197.6, 167.1, 156.6, 144.8, 138.4, 

136.2, 135.9, 130.6, 130.5, 130.2, 128.9, 128.9, 128.7, 128.4, 121.7, 114.1, 55.4, 26.7; HRMS 

calculated for C22H19NO3 [M+H]+: 346.1443, found 346.1443; Purification: Flash 

chromatography; Eluent: hexane/EtOAc (9/1); Rf = 0.41. 

N-(4-Methoxyphenyl)-3'-methyl-[1,1'-biphenyl]-2-carboxamide (3ai) 

 

Colorless solid (93 mg, 73% yield); mp: 118-119 °C; 13C NMR (126 MHz, CDCl3) δ 167.11, 

156.49, 139.94, 139.59, 138.67, 135.17, 130.56, 130.51, 130.21, 129.54, 128.82, 128.76, 

127.75, 125.91, 121.94, 113.94, 55.40, 21.38; 13C NMR (126 MHz, CDCl3) δ 167.1, 156.5, 

139.9, 139.6, 138.7, 135.7, 130.6, 130.5, 130.2, 129.5, 128.8, 128.8, 127.7, 125.9, 121.9, 113.9, 

55.4, 21.4; HRMS calculated for C21H19NO2 [M+H]+: 318.1494, found 318.1488; Purification: 

Flash chromatography; Eluent: hexane/EtOAc (93/7); Rf = 0.35. 

3'-Fluoro-N-(4-methoxyphenyl)-[1,1'-biphenyl]-2-carboxamide (3aj) 

 

Colorless solid (104 mg, 81% yield); mp: 162-163 °C; 1H NMR (500 MHz, CDCl3) δ 7.79 (d, 

J = 7.5 Hz, 1H), 7.54 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.4 Hz, 1H), 7.44 – 7.35 (m, 2H), 7.24 (s, 

1H), 7.20 (d, J = 9.5 Hz, 1H), 7.08 (t, J = 9.2 Hz, 3H), 6.90 (s, 1H), 6.79 (d, J = 8.5 Hz, 2H), 

3.76 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.0, 162.8 (d, J C-F= 247.6 Hz), 156.6, 142.2 (d, 

J C-F= 7.5 Hz), 138.2, 135.7, 130.6, 130.4 (d, J C-F = 4.3 Hz), 130.3, 130.1, 129.1, 128.2, 124.6 

(d, J C-F = 2.8 Hz), 121.9, 115.7 (d, J C-F = 22.0 Hz), 114.8 (d, J C-F = 20.9 Hz), 114.1, 55.4; 

HRMS calculated for C20H16NO2F [M+H]+:  322.1243, found 322.1239; Purification: Flash 

chromatography; Eluent: hexane/EtOAc (93/7); Rf = 0.33. 
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N-(4-Methoxyphenyl)-2-(thiophen-2-yl)benzamide (3ak) 

 

Colorless solid (104mg, 84% yield); mp: 124-125 °C; 1H NMR (500 MHz, CDCl3) δ 7.77 (dd, 

J = 7.5, 1.1 Hz, 1H), 7.48 (dqd, J = 20.9, 7.4, 1.7 Hz, 3H), 7.39 (dd, J = 5.1, 1.1 Hz, 1H), 7.22 

– 7.18 (m, 3H), 7.12 (s, 1H), 7.08 (dd, J = 5.1, 3.6 Hz, 1H), 6.84 – 6.79 (m, 2H), 3.77 (s, 3H); 

13C NMR (126 MHz, CDCl3) δ 167.0, 156.6, 140.9, 135.9, 131.7, 130.7, 130.3, 129.1, 128.3, 

128.0, 127.2, 126.7, 121.9, 114.1, 55.4; HRMS calculated for C18H15NO2S [M+H]+: 310.0902, 

found 310.0886; Purification: Flash chromatography; Eluent: hexane/EtOAc (93/7); Rf = 0.41. 

2-(Benzofuran-2-yl)-N-(4-methoxyphenyl)benzamide (3al) 

 

Pale brown solid (100 mg, 73%); mp: 173-174 °C; 1H NMR (500 MHz, CDCl3) δ 7.91 (d, J = 

7.7 Hz, 1H), 7.63 (d, J = 7.5 Hz, 1H), 7.55 (d, J = 7.2 Hz, 2H), 7.44 (d, J = 6.2 Hz, 2H), 7.42 

– 7.35 (m, 3H), 7.28 (d, J = 7.6 Hz, 1H), 7.21 (t, J = 7.3 Hz, 1H), 7.07 (s, 1H), 6.86 (d, J = 7.7 

Hz, 2H), 3.80 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.8, 156.7, 154.9, 153.2, 135.2, 130.7, 

130.1, 128.9, 128.7, 128.2, 128.0, 127.6, 124.8, 123.0, 122.1, 121.3, 114.2, 111.2, 105.3, 55.4; 

HRMS calculated for C22H17NO3 [M+H]+:  344.1287, found 344.1278; Purification: Flash 

chromatography; Eluent: hexane/EtOAc (9/1); Rf = 0.49. 

(E)-N-(4-Methoxyphenyl)-2-styrylbenzamide (3am) 

 

Pale yellow solid (93 mg, 71% yield); mp: 182-183 °C; 1H NMR (500 MHz, CDCl3) δ 7.73 (d, 

J = 7.8 Hz, 1H), 7.62 (dd, J = 7.5, 2.1 Hz, 1H), 7.57 – 7.44 (m, 7H), 7.35 (dd, J = 14.8, 7.4 Hz, 

3H), 7.27 (d, J = 7.5 Hz, 1H), 7.10 (d, J = 16.2 Hz, 1H), 6.90 (d, J = 8.5 Hz, 2H), 3.81 (s, 3H); 
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13C NMR (126 MHz, CDCl3) δ 167.3, 156.6, 136.8, 135.7, 135.5, 131.9, 130.9, 130.6, 128.7, 

128.1, 127.8, 127.6, 126.8, 126.5, 125.6, 121.8, 114.3, 55.5; HRMS calculated for C22H19NO2 

[M+H]+:  330.1494, found 330.1482; Purification: Flash chromatography; Eluent: 

hexane/EtOAc (9/1); Rf = 0.36. 

(E)-N-(4-Methoxyphenyl)-2-(4-methylstyryl)benzamide (3an) 

 

Pale yellow solid (96 mg, 70% yield); mp: 189-190 °C;  1H NMR (500 MHz, CDCl3) δ 7.71 

(d, J = 7.7 Hz, 1H), 7.61 (d, J = 7.4 Hz, 1H), 7.53 – 7.44 (m, 5H), 7.39 (d, J = 7.4 Hz, 2H), 

7.33 (t, J = 7.3 Hz, 1H), 7.14 (d, J = 7.4 Hz, 2H), 7.07 (d, J = 16.2 Hz, 1H), 6.89 (d, J = 7.9 

Hz, 2H), 3.81 (s, 3H), 2.35 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.3, 156.6, 138.1, 135.8, 

135.4, 134.1, 131.9, 130.9, 130.6, 129.4, 127.9, 127.4, 126.7, 126.4, 124.6, 121.8, 114.2, 55.5, 

21.3;  HRMS calculated for C23H21NO2 [M+H]+:  344.1651, found 344.1645; Purification: 

Flash chromatography; Eluent: hexane/EtOAc (9/1); Rf = 0.42. 

(E)-N-(4-Methoxyphenyl)-2-(4-methoxystyryl)benzamide (3ao) 

 

Pale yellow solid (87.6 mg, 61% yield); mp: 192-193 °C; 1H NMR (500 MHz, CDCl3) δ 7.70 

(d, J = 7.8 Hz, 1H), 7.61 (d, J = 7.5 Hz, 1H), 7.45 (ddd, J = 33.9, 22.1, 12.4 Hz, 7H), 7.33 (d, 

J = 7.4 Hz, 1H), 7.05 (d, J = 16.2 Hz, 1H), 6.88 (dd, J = 12.1, 8.7 Hz, 4H), 3.81 (d, J = 3.6 Hz, 

6H); 13C NMR (126 MHz, CDCl3) δ 167.4, 159.6, 156.6, 136.0, 135.2, 131.5, 131.0, 130.5, 

129.6, 128.1, 127.8, 127.2, 126.3, 123.4, 121.7, 114.2, 114.1, 55.5, 55.3; HRMS calculated for 

C23H21NO3 [M+H]+: 360.1600 , found 360.1597; Purification: Flash chromatography; Eluent: 

hexane/EtOAc (9/1); Rf = 0.34. 
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(E)-N-(4-Methoxyphenyl)-2-(pent-1-en-1-yl)benzamide (3ap) 

 

Pale brown solid (97 mg, 82% yield); mp: 100-101 °C; 1H NMR (500 MHz, CDCl3) δ 7.58 (d, 

J = 7.6 Hz, 1H), 7.55 – 7.50 (m, 3H), 7.41 (dd, J = 14.7, 6.9 Hz, 2H), 7.29 (t, J = 7.5 Hz, 1H), 

6.91 (d, J = 8.7 Hz, 2H), 6.76 (d, J = 15.7 Hz, 1H), 6.28 – 6.20 (m, 1H), 3.82 (s, 3H), 2.21 (q, 

J = 7.1 Hz, 2H), 1.55 – 1.42 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 

167.4, 156.5, 136.1, 134.9, 134.8, 131.1, 130.4, 127.8, 127.3, 127.0, 126.7, 121.5, 114.2, 55.5, 

35.2, 22.5, 13.7; HRMS calculated for C19H21NO2 [M+H]+: 296.1651, found 296.1644; 

Purification: Flash chromatography; Eluent: hexane/EtOAc (93/7); Rf = 0.35. 

4'-Methoxy-N-phenyl-[1,1'-biphenyl]-2-carboxamide (3ba) 

 

Colorless solid (97 mg, 89% yield); mp: 105-106 °C; 1H NMR (500 MHz, CDCl3) δ 7.90 (d, J 

= 7.6 Hz, 1H), 7.55 (td, J = 7.5, 1.3 Hz, 1H), 7.51 – 7.40 (m, 7H), 7.23 (t, J = 7.9 Hz, 2H), 7.10 

(d, J = 7.6 Hz, 2H), 7.05 (t, J = 7.4 Hz, 1H), 6.88 (s, 1H); 13C NMR (126 MHz, CDCl3) δ 167.1, 

139.9, 139.5, 137.5, 135.2, 130.7, 130.3, 129.6, 129.0, 128.8, 128.1, 127.9, 124.4, 119.9; 

HRMS calculated for C19H15NO [M+H]+: 274.1232, found 274.1221; Purification: Flash 

chromatography; Eluent: hexane/EtOAc (93/7); Rf = 0.5. 

4'-Methoxy-N-(p-tolyl)-[1,1'-biphenyl]-2-carboxamide (3ca) 

 

Colorless solid (95 mg, yield 83%); mp: 129-130 °C; 1H NMR (500 MHz, CDCl3) δ 7.89 (d, J 

= 7.6 Hz, 1H), 7.54 (dt, J = 7.5, 3.8 Hz, 1H), 7.50 – 7.38 (m, 7H), 7.03 (d, J = 8.3 Hz, 2H), 

6.98 (d, J = 8.4 Hz, 2H), 6.82 (s, 1H), 2.27 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.0, 
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140.0, 139.5, 135.3, 134.9, 134.1, 130.6, 130.3, 129.6, 129.3, 129.0, 128.8, 128.1, 127.9, 120.0, 

20.8; HRMS calculated for C20H17NO [M+H]+: 288.1388, found 288.1383; Purification: Flash 

chromatography; Eluent: hexane/EtOAc (93/7); Rf = 0.48. 

N-(4-Fluorophenyl)-[1,1'-biphenyl]-2-carboxamide (3da) 

 

Colorless solid (107 mg, yield 92%); mp: 150-151 °C; 1H NMR (500 MHz, CDCl3) δ 7.86 (d, 

J = 7.5 Hz, 1H), 7.54 (d, J = 7.4 Hz, 1H), 7.51 – 7.38 (m, 7H), 7.04 (dd, J = 7.6, 5.1 Hz, 2H), 

6.90 (t, J = 8.5 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 167.1, 159.4 (d, JC-F = 243.7 Hz), 

139.9, 139.5, 135.0, 133.5, 130.7, 130.3, 129.5, 129.0, 128.8, 128.1, 127.9, 121.7 (d, JC-F = 7.9 

Hz), 115.4 (d, JC-F = 22.5 Hz); 1H NMR and 13C NMR results matched with the reference 3; 

Purification: Flash chromatography; Eluent: hexane/EtOAc (93/7); Rf = 0.46. 

N-(4-Chlorophenyl)-4'-methoxy-[1,1'-biphenyl]-2-carboxamide (3ea) 

 

Colorless solid (104 mg, 85% yield); mp: 146-147 °C; 1H NMR (500 MHz, CDCl3) δ 7.91 (d, 

J = 6.7 Hz, 1H), 7.65 – 7.38 (m, 8H), 7.20 (d, J = 8.3 Hz, 2H), 7.06 (d, J = 8.5 Hz, 2H), 6.89 

(s, 1H); 13C NMR (126 MHz, CDCl3) δ 167.0, 139.9, 139.5, 136.1, 134.8, 130.9, 130.3, 129.6, 

129.3, 129.0, 128.8, 128.8, 128.2, 128.0, 121.0; HRMS calculated for C19H14NOCl [M+H]+: 

308.0842, found 308.0838; Purification: Flash chromatography; Eluent: hexane/EtOAc (93/7); 

Rf = 0.37. 

N-(m-Tolyl)-[1,1'-biphenyl]-2-carboxamide (3fa) 
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Colorless solid (85 mg, 74% yield); mp: 146-147 °C; 1H NMR (500 MHz, CDCl3) δ 7.91 – 

7.87 (m, 1H), 7.54 (dd, J = 7.5, 1.3 Hz, 1H), 7.50 – 7.41 (m, 7H), 7.10 (t, J = 7.8 Hz, 1H), 7.04 

(s, 1H), 6.89 – 6.82 (m, 2H), 6.79 (d, J = 7.9 Hz, 1H), 2.28 (s, 3H); 13C NMR (126 MHz, 

CDCl3) δ 167.1, 139.9, 139.5, 138.7, 137.4, 135.3, 130.6, 130.3, 129.5, 128.9, 128.8, 128.6, 

128.0, 127.8, 125.2, 120.6, 116.9, 21.4; 1H NMR and 13C NMR results matched with the 

reference 3; Purification: Flash chromatography; Eluent: hexane/EtOAc (93/7); Rf = 0.47. 

N-(3-Chlorophenyl)-[1,1'-biphenyl]-2-carboxamide (3ga) 

 

Colorless solid (98 mg, 80% yield); mp: 133-134 °C; 1H NMR (500 MHz, CDCl3) δ 7.89 (d, J 

= 7.6 Hz, 1H), 7.56 (t, J = 7.4 Hz, 1H), 7.52 – 7.39 (m, 7H), 7.28 (s, 1H), 7.12 (t, J = 8.0 Hz, 

1H), 7.02 (d, J = 7.9 Hz, 1H), 6.91 – 6.81 (m, 2H); 13C NMR (126 MHz, CDCl3) δ 167.1, 139.8, 

139.6, 138.6, 134.8, 134.5, 131.0, 130.4, 129.8, 129.7, 129.1, 128.8, 128.3, 128.0, 124.5, 120.0, 

117.8; 1H NMR and 13C NMR results matched with the reference 3; Purification: Flash 

chromatography; Eluent: hexane/EtOAc (93/7); Rf = 0.35. 

N-(Pyridin-2-yl)-[1,1'-biphenyl]-2-carboxamide (3ha) 

 

Pale brown solid (71 mg, 65% yield); mp: 168-169 °C; 1H NMR (500 MHz, CDCl3) δ 9.01 (s, 

J = 42.3 Hz, 1H), 8.25 (d, J = 8.2 Hz, 1H), 7.69 – 7.57 (m, 3H), 7.52 (t, J = 7.5 Hz, 1H), 7.43 

– 7.31 (m, 7H), 6.89 – 6.81 (m, 1H); 13C NMR (126 MHz, CDCl3) δ 168.4, 151.5, 147.3, 140.0, 

139.7, 138.3, 135.7, 130.5, 130.5, 128.6, 128.6, 127.8, 127.4, 119.5, 114.0; HRMS calculated 

for C18H14N2O [M+H]+: 275.1184 found 275.1180; Purification: Flash chromatography; 

Eluent: hexane/EtOAc (9/1); Rf = 0.4. 

N-(4-Methoxyphenyl)-4-methyl-[1,1'-biphenyl]-2-carboxamide (3ia) 
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Colorless solid (90 mg, 71%); mp: 147-148 °C; 1H NMR (500 MHz, CDCl3) δ 7.70 (s, 1H), 

7.43 (dt, J = 15.4, 6.9 Hz, 5H), 7.33 (q, J = 7.7 Hz, 2H), 6.98 (d, J = 7.8 Hz, 2H), 6.76 (d, J = 

8.2 Hz, 3H), 3.75 (s, 3H), 2.45 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.3, 156.5, 140.0, 

137.8, 136.6, 135.1, 131.3, 130.6, 130.2, 130.0, 128.9, 129.0, 127.8, 121.8, 113.9, 55.4, 21.0; 

HRMS calculated for C21H19NO2 [M+Na]+: 340.1313, found 340.1314; Purification: Flash 

chromatography; Eluent: hexane/EtOAc (93/7); Rf = 0.36. 

4-Fluoro-N-(4-methoxyphenyl)-[1,1'-biphenyl]-2-carboxamide (3ja) 

 

Colorless solid (95 mg, 74%); mp: 162-163 °C; 1H NMR (500 MHz, CDCl3) δ 7.63 – 7.57 (m, 

1H), 7.47 – 7.38 (m, 6H), 7.25 – 7.21 (m, 1H), 6.97 (d, J = 8.9 Hz, 2H), 6.76 (d, J = 8.8 Hz, 

3H), 3.75 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 165.6, 162.0 (d, J = 248.6 Hz), 156.6, 139.0, 

136.9 (d, J = 7.0 Hz), 135.5 (d, J = 3.4 Hz), 132.1 (d, J = 7.7 Hz), 130.1, 129.0, 128.8, 128.1, 

121.9, 117.5 (d, J = 21.3 Hz), 116.3 (d, J = 23.1 Hz), 113.9, 55.3; HRMS calculated for 

C20H16NO2F [M+Na]+: 344.1063, found 344.1065; Purification: Flash chromatography; 

Eluent: hexane/EtOAc (93/7); Rf = 0.38. 

4-Morpholino-N-(p-tolyl)-[1,1'-biphenyl]-2-carboxamide (3ka) 

 

Colorless solid (125 mg, 81% yield); mp: 184-185 °C; 1H NMR (500 MHz, CDCl3) δ 7.46 – 

7.38 (m, 5H), 7.34 (dd, J = 12.4, 7.7 Hz, 2H), 7.06 (dd, J = 8.5, 2.4 Hz, 1H), 7.02 (d, J = 8.2 

Hz, 2H), 6.96 (d, J = 8.2 Hz, 2H), 6.86 (s, 1H), 3.91 – 3.85 (m, 4H), 3.29 – 3.22 (m, 4H), 2.26 

(s, 3H); 13C NMR (126 MHz, CDCl3) δ 167.3, 150.6, 139.7, 135.9, 134.9, 134.0, 131.2, 130.4, 

129.3, 128.9, 128.9, 127.5, 120.0, 117.4, 115.9, 66.7, 48.7, 20.8; HRMS calculated for 

C24H24N2O2 [M+Na]+: 395.1735, found 395.1737; Purification: Flash chromatography; Eluent: 

hexane/EtOAc (88/12); Rf = 0.35. 

4,5-Dimethoxy-N-(p-tolyl)-[1,1'-biphenyl]-2-carboxamide (3la) 
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Colorless solid (86 mg, 62% yield); mp: 173-174 °C; 1H NMR (500 MHz, CDCl3) δ 7.51 (s, 

1H), 7.45 (t, J = 7.0 Hz, 4H), 7.01 (d, J = 8.3 Hz, 2H), 6.92 (d, J = 8.4 Hz, 2H), 6.84 (s, 2H), 

3.98 (s, 3H), 3.94 (s, 3H), 2.26 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 166.2, 150.4, 148.4, 

140.0, 135.0, 133.8, 132.9, 129.2, 129.1, 129.0, 128.0, 127.0, 119.7, 112.7, 112.4, 56.1, 56.1, 

20.8, HRMS calculated for C22H21NO3 [M+Na]+: 370.1419, found 370.1416; Purification: 

Flash chromatography; Eluent: hexane/EtOAc (88/12); Rf = 0.39. 

Methyl 6-(phenylcarbamoyl)-[1,1'-biphenyl]-3-carboxylate (3ma) 

  

Colorless solid (94 mg, 71% yield); mp: 154-155 °C; 1H NMR (500 MHz, CDCl3) δ 8.13 (dd, 

J = 5.9, 1.7 Hz, 2H), 7.98 – 7.93 (m, 1H), 7.54 – 7.40 (m, 5H), 7.24 (t, J = 7.9 Hz, 2H), 7.13 – 

7.05 (m, 3H), 6.93 (s, 1H), 3.96 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 166.2, 166.2, 139.7, 

139.0, 138.9, 137.2, 132.0, 131.5, 129.8, 129.1, 128.9, 128.8, 128.5, 124.7, 120.0, 52.5; 1H 

NMR and 13C NMR results matched with the reference 3; Purification: Flash chromatography; 

Eluent: hexane/EtOAc (9/1); Rf = 0.45. 

N-(4-Methoxyphenyl)-2-phenethylbenzamide (5a) 

 

Colorless solid (128 mg, 97% yield); mp:147-148 °C; 1H NMR (500 MHz, CDCl3) δ 7.48 – 

7.36 (m, 4H), 7.28 (dd, J = 11.9, 8.4 Hz, 2H), 7.20 (t, J = 7.0 Hz, 2H), 7.17 – 7.13 (m, 1H), 

7.12 – 7.04 (m, 3H), 6.89 (d, J = 8.4 Hz, 2H), 3.81 (s, 3H), 3.14 (t, J = 7.5 Hz, 2H), 2.97 (t, J 

= 7.5 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 167.9, 156.5, 141.5, 139.9, 136.8, 130.9, 130.5, 

130.1, 128.7, 128.3, 126.6, 126.1, 125.9, 121.8, 114.1, 55.5, 38.0, 35.1; HRMS calculated for 

C22H21NO2 [M+H]+: 332.1651, found 332.1646; Purification: Flash chromatography; Eluent: 

hexane/EtOAc (9/1); Rf = 0.41. 

N-(4-Methoxyphenyl)-2-phenethylbenzamide (5b) 
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Colorless solid (116 mg, 98% yield); mp: 116-117 °C; 1H NMR (500 MHz, CDCl3) δ 7.53 – 

7.48 (m, 2H), 7.39 (dd, J = 34.2, 7.4 Hz, 3H), 7.28 (d, J = 7.6 Hz, 1H), 7.23 (s, 1H), 6.90 (d, J 

= 8.8 Hz, 2H), 3.81 (s, 3H), 2.85 – 2.77 (m, 2H), 1.65 – 1.60 (m, 2H), 1.31 (dd, J = 8.5, 5.3 Hz, 

4H), 0.86 (t, J = 6.9 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 168.1, 156.6, 141.2, 136.5, 131.0, 

130.2, 130.0, 126.6, 125.8, 121.8, 114.2, 55.49, 33.2, 31.7, 31.3, 22.5, 14.0; HRMS calculated 

for C19H23NO2 [M+Na]+: 320.1626, found 320.1622; Purification: Flash chromatography; 

Eluent: hexane/EtOAc (9/1); Rf = 0.52. 
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