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1. General information  

Techniques  

All reactions involving air and water-sensitive material were carried out in pre-dried 

glassware under nitrogen atmosphere by using Schlenk techniques employing double-

line nitrogen-vacuum lines or working in an argon-filled glove box. Analytical thin layer 

chromatography (TLC) was performed using pre-coated Jiangyou silica gel HSGF254 

(0.2mm±0.03mm). Visualization of the developed chromatogram was performed by 

UV absorbance (254 nm) or TLC stains (KMnO4 and Phosphomolybdic acid). Flash 

chromatography was performed using Nuotai Shanxi silica gel (300-400 mesh) with 

the indicated solvent system.  

Chemicals  

All chemicals were purchased from Leyan, Energy Chemical, Innochem, Bide 

Pharmatech, SINOPHARM, Sigma−Aldrich and used as received unless otherwise 

noted. Anhydrous solvents were purchased from J&K Scientific or Energy Chemical, 

degassed by three freeze-pump-thaw cycles and storing in single-necked flasks 

equipped with J-Young PTFE valve when necessary. 

Instrumentation  

GC-MS analyses were performed with Shimadzu GCMS-QP2010 SE GC-MS system. 

Nuclear magnetic resonance spectra were recorded on a Bruker AvanceTM III 400 MHz 

in deuterated chloroform unless otherwise noted. Data are reported in parts per 

million (ppm) as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, 

q = quartet, quint = quintet, m = multiplet, dd = doublet of doublet and br = broad), 

coupling constant in Hz and integration. High resolution mass spectra were recorded 

on a Bruker micro QII-ESI-TOF. Melting points were recorded using a Yidianwuguang 

Micromelting point apparatus SGW X-5. 
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2. General procedures for oxidative carbonylation of amines 

 

General procedure A 

In a glovebox, RhCl33H2O (0.002 mmol, 0.01 equiv), Cu(OPiv)2 (0.4 mmol, 2 equiv), 

were successively weighed into a dry 25 mL J-Young tube equipped with a magnetic 

stir bar. The J-Young tube was sealed and taken out of the glovebox. Amine 1 (0.2 mmol, 

1 equiv), alcohol 2 (1 mmol, 5 equiv), dry toluene (1.9 mL) and dry DMF (0.1 mL) were 

added under nitrogen. The reaction mixture was then degassed by three freeze-pump-

thaw cycles, backfilled with CO and heated at 120 °C or 130 °C. After indicated time, 

the reaction mixture was cooled to room temperature. The solvent was evaporated 

under reduced pressure and the resulting residue was purified by flash column 

chromatography on silica gel using EtOAc–petroleum ether mixture as an eluent to 

afford the desired compound 3.  

 

General Procedure B 

In a glovebox, RhCl33H2O (0.02 mmol, 0.1 equiv), Cu(OPiv)2 (0.6 mmol, 3 equiv) were 

successively weighed into a dry 25 mL J-Young tube equipped with a magnetic stir bar. 

The J-Young tube was sealed and taken out of the glovebox. 4 (0.2 mmol, 1 equiv), n-

butanol 2b (5 equiv), dry anisole (1.9 mL) and dry DMF (0.1 mL) were added under 

nitrogen. The reaction mixture was then degassed by three freeze-pump-thaw cycles, 

backfilled with CO and heated at 120 °C. Then, the reaction mixture was cooled to 

room temperature. The solvent was evaporated under reduced pressure and the 

resulting residue was purified by flash column chromatography on silica gel using 

EtOAc–petroleum ether mixture as an eluent to afford the desired compound 5. 
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Isopropyl phenylcarbamate (3aa)  

Obtained according to the General procedure A (120 °C /16 h), to give 3aa as a white 

solid (33.5 mg, 94% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 50:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[1] 
1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.0 Hz, 2H), 7.30 (t, J 

= 8.0 Hz, 2H), 7.05 (t, J = 7.3 Hz, 1H), 6.73 (s, 1H), 5.03 (hept, 

J = 6.3 Hz, 1H), 1.30 (d, J = 6.2 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.4, 138.2, 129.1, 123.3, 

118.7, 68.8, 22.2. 

 

isopropyl (2-methoxyphenyl)carbamate (3ba) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ba as a yellow 

oil (33.4 mg, 80% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[2] 
1H NMR (400 MHz, CDCl3) δ 8.02 (s, 1H), 7.11 (s, 1H), 6.93 – 

6.83 (m, 2H), 6.76 (d, J = 9.5 Hz, 1H), 4.94 (p, J = 6.3 Hz, 1H), 

3.77 (s, 3H), 1.22 (d, J = 6.3 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.3, 147.6, 128.0, 122.6, 

121.2, 118.2, 110.0, 68.6, 55.7, 22.2. 

 

isopropyl o-tolylcarbamate (3ca) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ca as a yellow 

oil (36 mg, 93% yield). Flash column chromatography (petroleum ether/ethyl acetate, 

40:1); Rf 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are consistent 

with those previously reported.[1] 
1H NMR (400 MHz, CDCl3) δ 7.82 (s, 1H), 7.25 – 7.13 (m, 2H), 

7.02 (t, J = 7.4 Hz, 1H), 6.39 (s, 1H), 5.03 (hept, J = 6.2 Hz, 1H), 

2.25 (s, 3H), 1.31 (d, J = 6.3 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 153.6, 136.1, 130.4, 127.6, 126.9, 

124.0, 121.1, 68.8, 22.1, 17.7. 

 

isopropyl [1,1'-biphenyl]-2-ylcarbamate (3da) 

Obtained according to the General procedure A (120 °C /24 h), to give 3da as a yellow 

oil (31.9 mg, 63% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[3] 
1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 8.3 Hz, 1H), 7.49 (d, J = 

7.6 Hz, 2H), 7.40 (dd, J = 20.0, 6.9 Hz, 4H), 7.22 (d, J = 7.6 Hz, 

1H), 7.12 (t, J = 7.5 Hz, 1H), 6.59 (s, 1H), 4.99 (h, J = 6.2 Hz, 1H), 

1.25 (d, J = 6.3 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 153.4, 138.4, 135.1, 131.5, 130.3, 

129.4, 129.2, 128.6, 127.9, 123.3, 119.8, 68.8, 22.1. 



S5 
 

isopropyl (2-(tert-butyl)phenyl)carbamate (3ea) 

Obtained according to the General procedure A (120 °C /24 h), to give 3ea as a yellow 

oil (36.7 mg, 78% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). 
1H NMR (400 MHz, CDCl3) δ 7.49 (s, 1H), 7.29 (d, J = 8.0 Hz, 1H), 

7.15 (t, J = 7.6 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 6.36 (s, 1H), 4.95 

(hept, J = 6.3 Hz, 1H), 1.33 (s, 9H), 1.21 (d, J = 6.2 Hz, 6H). 

13C{1H} NMR (101 MHz, CDCl3) δ 154.3, 142.0, 135.6, 126.9, 

126.5, 125.5, 68.8, 34.6, 30.7, 22.3. 

HRMS (ESI) m/z: Calculated for C14H21NO2 [M+Na]+: 258.1465, found: 258.1466. 

 

isopropyl (3-fluorophenyl)carbamate (3fa) 

Obtained according to the General procedure A (120 °C /24 h), to give 3fa as a white 

solid (31.3 mg, 80% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[4] 
1H NMR (400 MHz, CDCl3) δ 7.26 (d, J = 11.4 Hz, 1H), 7.21 – 

7.10 (m, 1H), 6.94 (d, J = 8.1 Hz, 1H), 6.74 – 6.59 (m, 2H), 4.94 

(hept, J = 6.3 Hz, 1H), 1.22 (d, J = 6.3 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 163.3 (d, J = 244.8 Hz), 153.1, 

139.9 (d, J = 11.3 Hz), 130.2 (d, J = 9.1 Hz), 113.9, 110.0 (d, J = 

24.8 Hz), 106.1 (d, J = 27.2 Hz), 69.2, 22.1. 

 

isopropyl (3-chlorophenyl)carbamate (3ga) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ga as a white 

solid (29.7 mg, 70% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[5] 
1H NMR (400 MHz, CDCl3) δ 7.51 (s, 1H), 7.24 – 7.16 (m, 2H), 

7.01 (dt, J = 5.1, 2.2 Hz, 1H), 6.72 (s, 1H), 5.02 (h, J = 6.3 Hz, 

1H), 1.29 (d, J = 6.3 Hz, 6H).  

13C{1H} NMR (101 MHz, CDCl3) δ 153.1, 139.4, 134.8, 130.1, 

123.3, 118.7, 116.6, 69.2, 22.2. 

 

isopropyl (3-methoxyphenyl)carbamate (3ha) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ha as a yellow 

oil (33.7 mg, 81% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[6] 
1H NMR (400 MHz, CDCl3) δ 7.13 – 7.02 (m, 2H), 6.78 (d, J = 8.0 

Hz, 1H), 6.69 (s, 1H), 6.52 (dd, J = 8.3, 2.5 Hz, 1H), 4.93 (p, J = 

6.2 Hz, 1H), 3.70 (s, 3H), 1.20 (d, J = 6.3 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 160.3, 153.3, 139.5, 129.8, 

110.9, 109.2, 104.3, 68.8, 55.3, 22.2. 
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isopropyl m-tolylcarbamate (3ia) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ia as a yellow 

oil (33.6 mg, 87% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[1] 
1H NMR (400 MHz, CDCl3) δ 7.24 (s, 1H), 7.16 (d, J = 6.6 Hz, 2H), 

6.86 (d, J = 6.3 Hz, 1H), 6.60 (s, 1H), 5.01 (p, J = 6.3 Hz, 1H), 2.32 

(s, 3H), 1.29 (d, J = 6.3 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.4, 139.0, 138.1, 128.9, 

124.1, 119.3, 115.8, 68.7, 22.2, 21.6. 

 

isopropyl (3-(trifluoromethyl)phenyl)carbamate (3ja) 

Obtained according to the General procedure A (130 °C /24 h), to give 3ja as a yellow 

oil (37.9 mg, 77% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.3 (petroleum ether/ethyl acetate, 10:1).  
1H NMR (400 MHz, CDCl3) δ 7.65 (s, 1H), 7.46 (d, J = 8.7 Hz, 

1H), 7.30 (t, J = 8.0 Hz, 1H), 7.22 – 7.17 (m, 1H), 6.88 (s, 1H), 

4.94 (h, J = 6.3 Hz, 1H), 1.21 (d, J = 6.3 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.3, 138.9, 131.5 (q, J = 

32.3 Hz), 129.6, 124.0 (q, J = 272.1 Hz), 121.7, 119.9 (q, J = 3.8 

Hz), 115.4, 69.4, 22.1. 

HRMS (ESI) m/z: Calculated for C11H12F3NO2 [M+Na]+: 270.0712, found: 270.0718. 

 

isopropyl (4-chlorophenyl)carbamate (3ka) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ka as a white 

solid (30.2 mg, 71% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported. [1] 
1H NMR (400 MHz, CDCl3) δ 7.33 (d, J = 8.6 Hz, 2H), 7.27 – 

7.22 (m, 2H), 6.70 (s, 1H), 5.01 (p, J = 6.3 Hz, 1H), 1.28 (d, J = 

6.2 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.3, 136.8, 129.1, 128.3, 

119.9, 69.1, 22.2. 

 

isopropyl (4-(trifluoromethyl)phenyl)carbamate (3la) 

Obtained according to the General procedure A (130 °C /24 h), to give 3la as a white 

solid (26.2 mg, 53% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[7] 
1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 8.6 Hz, 2H), 7.42 (d, 

J = 8.7 Hz, 2H), 6.72 (s, 1H), 4.96 (hept, J = 6.3 Hz, 1H), 1.23 

(d, J = 6.2 Hz, 6H). 
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13C{1H} NMR (101 MHz, CDCl3) δ 153.0, 141.4, 126.3 (q, J = 3.8 Hz), 125.1 (q, J = 32.9 

Hz), 124.3 (q, J = 271.5 Hz), 118.1, 69.5, 22.2. 

 

isopropyl (4-(tert-butyl)phenyl)carbamate (3ma) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ma as a white 

solid (39.9 mg, 85% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[8] 
1H NMR (400 MHz, CDCl3) δ 7.32 (m, 4H), 6.62 (s, 1H), 5.05 – 

4.99 (m, 1H), 1.30 (m, 15H). 
13C NMR (101 MHz, CDCl3) δ 153.5, 146.3, 135.6, 125.9, 118.6, 

68.7, 34.3, 31.5, 22.2. 

 

 

isopropyl p-tolylcarbamate (3na) 

Obtained according to the General procedure A (120 °C /16 h), to give 3na as a yellow 

oil (34.1 mg, 88% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[9] 
1H NMR (400 MHz, CDCl3) δ 7.26 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 

8.1 Hz, 2H), 6.57 (s, 1H), 5.01 (hept, J = 6.3 Hz, 1H), 2.29 (s, 3H), 

1.29 (s, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.5, 135.6, 132.8, 129.6, 

118.8, 68.6, 22.2, 20.8. 

 

isopropyl (4-methoxyphenyl)carbamate (3oa) 

Obtained according to the General procedure A (120 °C /16 h), to give 3oa as a yellow 

solid (31.1 mg, 74% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 40:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[1] 
1H NMR (400 MHz, CDCl3) δ 7.33 – 7.22 (m, 2H), 6.87 – 6.81 

(m, 2H), 6.51 (s, 1H), 5.00 (hept, J = 6.3 Hz, 1H), 3.78 (s, 3H), 

1.28 (d, J = 6.2 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 155.9, 153.7, 131.3, 120.7, 

114.3, 68.7, 55.6, 22.2. 

 

isopropyl (4-acetylphenyl)carbamate (3pa) 

Obtained according to the General procedure A (120 °C /24 h), to give 3pa as a white 

solid (30.9 mg, 70% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 8:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[2] 
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1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 8.8 Hz, 2H), 7.51 (d, J = 

8.5 Hz, 2H), 7.14 (s, 1H), 5.04 (hept, J = 6.3 Hz, 1H), 2.58 (s, 3H), 

1.30 (d, J = 6.3 Hz, 6H). 

13C{1H} NMR (101 MHz, CDCl3) δ 197.2, 152.9, 142.9, 132.0, 

130.0, 117.6, 69.3, 26.5, 22.1. 

 

isopropyl (4-(methoxymethyl)phenyl)carbamate (3qa) 

Obtained according to the General procedure A (120 °C /24 h), to give 3qa as a white 

solid (30.9 mg, 69% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 10:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[10] 
1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 8.1 Hz, 2H), 7.26 (d, J 

= 8.6 Hz, 2H), 6.76 (s, 1H), 5.02 (p, J = 6.3 Hz, 1H), 4.40 (s, 2H), 

3.36 (s, 3H), 1.29 (d, J = 6.2 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 153.4, 137.8, 132.9, 128.8, 118.6, 

74.4, 68.8, 58.0, 22.2. 

 

methyl 4-((isopropoxycarbonyl)amino)benzoate (3ra) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ra as a white 

solid (32.3 mg, 68% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 15:1); Rf 0.2 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[11] 
1H NMR (400 MHz, CDCl3) δ 8.03 – 7.92 (m, 2H), 7.46 (d, J = 

8.5 Hz, 2H), 6.85 (s, 1H), 5.03 (p, J = 6.3 Hz, 1H), 3.89 (s, 3H), 

1.30 (d, J = 6.3 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 166.9, 152.9, 142.6, 131.1, 

124.7, 117.6, 69.4, 52.1, 22.2. 

 

isopropyl naphthalen-2-ylcarbamate (3sa) 

Obtained according to the General procedure A (120 °C /16 h), to give 3sa as a pink 

solid (33.7 mg, 74% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1). Rf 0.4 (petroleum ether/ethyl acetate, 10:1). 
1H NMR (400 MHz, CDCl3) δ 8.01 (s, 1H), 7.77 (d, J = 8.9 Hz, 3H), 

7.49 – 7.42 (m, 1H), 7.38 (t, J = 7.6 Hz, 2H), 6.81 (s, 1H), 5.09 

(p, J = 6.3 Hz, 1H), 1.34 (d, J = 6.2 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.5, 135.7, 134.1, 130.2, 

128.9, 127.6, 127.5, 126.6, 124.7, 119.3, 114.8, 69.0, 22.2. 

HRMS (ESI) m/z: Calculated for C14H15NO2 [M+Na]+: 252.0995, found: 252.1001. 

Mp: 70-75°C. 

 

isopropyl naphthalen-1-ylcarbamate(3ta) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ta as a pink 

solid (32 mg, 70% yield). Flash column chromatography (petroleum ether/ethyl 
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acetate, 30:1). Rf 0.3(petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[12] 
1H NMR (400 MHz, CDCl3) δ 8.00 – 7.80 (m, 3H), 7.65 (d, J = 8.2 

Hz, 1H), 7.57 – 7.43 (m, 3H), 6.96 (s, 1H), 5.09 (hept, J = 6.3 Hz, 

1H), 1.35 (d, J = 6.3 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 154.1, 134.1, 132.8, 128.8, 

126.6, 126.1, 125.9, 125.9, 124.7, 120.5, 118.8, 69.1, 22.2. 

 

isopropyl (3-methyl-4-nitrophenyl)carbamate (3ua) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ua as a 

yellow solid (24.5 mg, 51% yield). Flash column chromatography (petroleum 

ether/ethyl acetate, 15:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). 
1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.9 Hz, 1H), 7.39 (s, 1H), 

7.35 (dd, J = 8.9, 2.5 Hz, 1H), 6.93 (s, 1H), 5.02 (hept, J = 6.3 Hz, 

1H), 2.61 (s, 3H), 1.30 (d, J = 6.3 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 152.7, 143.6, 142.8, 136.4, 

126.9, 121.0, 115.8, 69.8, 22.1, 21.6. 

HRMS (ESI) m/z: Calculated for C11H14N2O4 [M+Na]+: 261.0846, found: 261.0847. 

Mp: 102-108°C. 

 

methyl 3-((isopropoxycarbonyl)amino)thiophene-2-carboxylate (3va) 

Obtained according to the General procedure A (120 °C /16 h), to give 3va as a white 

solid (18.6 mg, 38% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 15:1); Rf 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[13] 
1H NMR (400 MHz, CDCl3) δ 9.44 (s, 1H), 7.89 (d, J = 5.4 Hz, 

1H), 7.44 (d, J = 5.5 Hz, 1H), 5.00 (hept, J = 6.3 Hz, 1H), 3.87 (s, 

3H), 1.30 (d, J = 6.2 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 164.7, 152.8, 145.5, 131.7, 

121.4, 108.5, 69.5, 52.0, 22.1. 

 

isopropyl cyclohexylcarbamate (3wa) 

Obtained according to the General procedure A (120 °C /16 h), to give 3wa as a white 

solid (27.3 mg, 74% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 10:1). Rf 0.5 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[14] 
1H NMR (400 MHz, CDCl3) δ 4.87 (h, J = 6.2 Hz, 1H), 4.49 (s, 1H), 

3.44 (s, 1H), 1.91 (d, J = 7.7 Hz, 2H), 1.68 (dt, J = 13.4, 3.9 Hz, 

2H), 1.58 (dt, J = 12.8, 3.8 Hz, 1H), 1.33 (dd, J = 14.3, 5.1 Hz, 2H), 

1.20 (d, J = 6.3 Hz, 6H), 1.17 – 1.04 (m, 3H). 
13C{1H} NMR (101 MHz, CDCl3) δ 155.6, 67.7, 49.7, 33.6, 25.6, 

24.9, 22.3. 

 

isopropyl benzylcarbamate (3xa) 
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Obtained according to the General procedure A (120 °C /16 h), to give 3xa as a white 

solid (18.6 mg, 48% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 10:1). Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[15] 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.25 (m, 5H), 4.98 – 4.90 

(m, 2H), 4.36 (d, J = 5.9 Hz, 2H), 1.24 (d, J = 6.4 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 156.4, 138.8, 128.8, 127.7, 

127.6, 68.4, 45.1, 22.3. 

 

Butyl phenylcarbamate (3ab) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ab as a white 

solid (28.1 mg, 73% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 50:1); Rf 0.7 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are 

consistent with those previously reported.[16]  

1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.0 Hz, 2H), 7.30 (t, 

J = 7.9 Hz, 2H), 7.06 (t, J = 7.2 Hz, 1H), 6.60 (s, 1H), 4.17 (t, J 

= 6.7 Hz, 2H), 1.66 (p, J = 6.9 Hz, 2H), 1.42 (h, J = 7.4 Hz, 2H), 

0.96 (t, J = 7.4 Hz, 3H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.8, 138.1, 129.2, 123.5, 

118.7, 65.3, 31.1, 19.2, 13.9. 

 

14.3.2-(trimethylsilyl)ethyl phenylcarbamate (3ac) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ac as a yellow 

solid (39.9 mg, 84% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.6 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are 

consistent with those previously reported.[17] 
1H NMR (400 MHz, CDCl3) δ 7.33 (d, J = 8.0 Hz, 2H), 7.24 (t, 

J = 6.7 Hz, 2H), 6.99 (t, J = 7.3 Hz, 1H), 6.62 (s, 1H), 4.25 – 

4.15 (m, 2H), 1.05 – 0.94 (m, 2H), 0.00 (d, J = 2.6 Hz, 9H). 

13C{1H} NMR (101 MHz, CDCl3) δ 153.9, 138.1, 129.1, 123.4, 

118.8, 63.6, 17.8, -1.4. 

 

Allyl phenylcarbamate (3ad) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ad as a yellow 

solid (31.9 mg, 90% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.6 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are 

consistent with those previously reported.[18]  
1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.0 Hz, 2H), 7.31 (t, J 

= 7.9 Hz, 2H), 7.07 (t, J = 7.3 Hz, 1H), 6.77 (s, 1H), 5.97 (ddt, J 

= 16.5, 11.0, 5.7 Hz, 1H), 5.37 (d, J = 17.2 Hz, 1H), 5.27 (d, J = 

10.4 Hz, 1H), 4.67 (d, J = 5.7 Hz, 2H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.4, 137.9, 132.5, 129.2, 

123.6, 118.8, 118.4, 66.0. 
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2,2,2-trifluoroethyl phenylcarbamate (3ae) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ae as a yellow 

solid (30.6 mg, 70% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.6 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are 

consistent with those previously reported.[19] 
1H NMR (400 MHz, CDCl3) δ 7.40 – 7.31 (m, 4H), 7.12 (t, J 

= 7.1 Hz, 1H), 6.81 (s, 1H), 4.56 (q, J = 8.4 Hz, 2H). 
13C{1H} NMR (101 MHz, CDCl3) δ 151.6, 137.0, 129.3, 

124.4, 123.1 (q, J = 278.4 Hz), 119.1, 61.1 (q, J = 36.4 Hz). 

 

 

benzyl phenylcarbamate (3af) 

Obtained according to the General procedure A (120 °C /16 h), to give 3af as a yellow 

solid (42.7 mg, 94% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.6 (petroleum ether/ethyl acetate, 5:1).  
1H NMR (400 MHz, CDCl3) δ 7.43 – 7.27 (m, 9H), 7.07 (t, J = 7.4 

Hz, 1H), 6.76 (s, 1H), 5.21 (s, 2H). 
13C NMR (101 MHz, CDCl3) δ 153.5, 137.9, 136.1, 129.2, 128.7, 

128.5, 128.4, 123.6, 118.8, 67.1. 

 

HRMS (ESI) m/z: Calculated for C16H17NO2 [M+Na]+: 250.0838, found: 250.0847. 

Mp: 76-77 °C. 

 

Thiophen-2-ylmethyl phenylcarbamate (3ag) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ag as a white 

solid (35.9 mg, 77% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 25:1); Rf 0.4 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are 

consistent with those previously reported.[20] 
1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.0 Hz, 2H), 7.35 – 7.28 

(m, 3H), 7.14 (d, J = 3.5 Hz, 1H), 7.12 – 7.05 (m, 1H), 7.01 (dd, 

J = 5.1, 3.6 Hz, 1H), 6.80 (s, 1H), 5.35 (s, 2H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.2, 138.1, 137.7, 129.2, 

128.4, 127.1, 127.0, 123.7, 118.8, 61.2. 

 

1-phenylpropyl phenylcarbamate (3ah) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ah as a 

colorless oil (40.5 mg, 79% yield). Flash column chromatography (petroleum 

ether/ethyl acetate, 50:1); Rf 0.6 (petroleum ether/ethyl acetate, 5:1). 
1H NMR (400 MHz, CDCl3) δ 7.42 – 7.34 (m, 6H), 7.34 – 7.27 

(m, 3H), 7.06 (t, J = 7.3 Hz, 1H), 6.79 (s, 1H), 5.69 (t, J = 6.9 Hz, 

1H), 2.00 (dq, J = 14.7, 7.3 Hz, 1H), 1.88 (dp, J = 14.2, 7.3 Hz, 

1H), 0.95 (t, J = 7.4 Hz, 3H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.1, 140.6, 138.0, 129.1, 

128.5, 128.0, 126.6, 123.4, 118.6, 78.5, 29.5, 10.1. 
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HRMS (ESI) m/z: Calculated for C16H17NO2 [M+Na]+: 278.1151, found: 278.1146. 

 

Cyclopentyl phenylcarbamate (3ai) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ai as a white 

solid (37.4 mg, 91% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 25:1); Rf 0.5 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are 

consistent with those previously reported.[21] 
1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 8.1 Hz, 2H), 7.29 (t, J = 

7.8 Hz, 2H), 7.05 (t, J = 7.3 Hz, 1H), 6.68 (s, 1H), 5.21 (tt, J = 6.1, 

2.7 Hz, 1H), 1.88 (td, J = 12.3, 7.0 Hz, 2H), 1.82 – 1.70 (m, 4H), 

1.67 – 1.57 (m, 2H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.6, 138.2, 129.1, 123.3, 118.6, 78.1, 32.9, 23.8. 

 

Cyclooctyl phenylcarbamate (3aj) 

Obtained according to the General procedure A (120 °C /16 h), to give 3aj as a 

colorless oil (45.9 mg, 93% yield). Flash column chromatography (petroleum 

ether/ethyl acetate, 30:1); Rf 0.5 (petroleum ether/ethyl acetate, 5:1). 
1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 8.1 Hz, 2H), 7.29 (t, J = 

7.8 Hz, 2H), 7.04 (t, J = 7.3 Hz, 1H), 6.68 (s, 1H), 4.95 (tt, J = 8.4, 

3.9 Hz, 1H), 1.94 – 1.55 (m, 14H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.4, 138.3, 129.1, 123.2, 

118.6, 76.2, 31.7, 27.2, 25.5, 23.0. 

HRMS (ESI) m/z: Calculated for C15H21NO2 [M+Na]+: 270.1464, found: 270.1465. 

 

(1R,3S,5r,7r)-adamantan-2-yl phenylcarbamate (3ak) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ak as a white 

solid (39.8 mg, 73% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 50:1); Rf 0.7 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are 

consistent with those previously reported.[22] 
 1H NMR (400 MHz, CDCl3) δ 7.41 (d, J = 8.0 Hz, 2H), 7.30 (t, J = 

7.7 Hz, 2H), 7.05 (t, J = 7.4 Hz, 1H), 6.75 (s, 1H), 4.93 (d, J = 3.6 

Hz, 1H), 2.11 – 2.01 (m, 4H), 1.87 – 1.73 (m, 8H), 1.59 (d, J = 

12.4 Hz, 2H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.4, 138.3, 129.1, 123.3, 

118.6, 78.1, 37.5, 36.4, 32.1, 31.9, 27.3, 27.1.  

 

Tetrahydro-2H-pyran-3-yl phenylcarbamate (3al) 

Obtained according to the General procedure A (120 °C /16 h), to give 3al as a white 

solid (38 mg, 86% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 50:1); Rf 0.7 (petroleum ether/ethyl acetate, 5:1). 
1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.0 Hz, 2H), 7.30 (t, J = 

7.9 Hz, 2H), 7.06 (t, J = 7.3 Hz, 1H), 6.87 (s, 1H), 4.83 (td, J = 5.5, 

2.8 Hz, 1H), 3.83 – 3.60 (m, 4H), 2.00 – 1.83 (m, 3H), 1.62 – 1.54 

(m, 1H). 
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13C{1H} NMR (101 MHz, CDCl3) δ 153.0, 137.9, 129.2, 123.6, 118.7, 70.1, 68.8, 68.0, 

28.2, 22.7. 

HRMS (ESI) m/z: Calculated for C12H15NO3 [M+Na]+: 244.0944, found: 244.0945. 

Mp: 122-127°C. 

 

1,3-dimethoxypropan-2-yl phenylcarbamate (3am) 

Obtained according to the General procedure A (120 °C /16 h), to give 3am as a yellow 

oil (39.2 mg, 82% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 10:1 to 2:1); Rf 0.2 (petroleum ether/ethyl acetate, 5:1). 
1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 7.3 Hz, 2H), 7.32 – 7.25 

(m, 2H), 7.05 (t, J = 7.4 Hz, 1H), 6.93 (s, 1H), 5.13 (p, J = 4.9 Hz, 

1H), 3.62 (d, J = 4.9 Hz, 4H), 3.39 (s, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 152.8, 137.9, 129.2, 123.6, 

118.6, 72.1, 71.4, 59.4. 

HRMS (ESI) m/z: Calculated for C12H17NO4 [M+Na]+: 262.1050, 

found: 262.1095. 

 

Tert-butyl phenylcarbamate (3an) 

Obtained according to the General procedure A (120 °C /16 h), to give 3an as a white 

solid (25.7 mg, 67% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 50:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[23] 
1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 8.0 Hz, 2H), 7.29 (t, J = 

7.9 Hz, 2H), 7.03 (t, J = 7.3 Hz, 1H), 6.51 (s, 1H), 1.52 (s, 9H). 
13C{1H} NMR (101 MHz, CDCl3) δ 152.9, 138.4, 129.1, 123.1, 

118.6, 80.6, 28.5. 

 

 

Tert-pentyl phenylcarbamate (3ao) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ao as a white 

solid (18.6 mg, 49% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.5 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[24] 
1H NMR (400 MHz, CDCl3) δ 7.37 (s, 2H), 7.28 (dd, J = 8.7, 7.2 

Hz, 2H), 7.03 (tt, J = 7.2, 1.3 Hz, 1H), 6.52 (s, 1H), 1.85 (q, J = 7.5 

Hz, 2H), 1.49 (s, 6H), 0.93 (t, J = 7.5 Hz, 3H). 
13C{1H} NMR (101 MHz, CDCl3) δ 152.8, 138.5, 129.1, 123.1, 

118.6, 83.1, 33.7, 25.9, 8.4. 

 

3-methylpentan-3-yl phenylcarbamate (3ap) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ap as a yellow 

oil (17.1 mg, 38% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.5 (petroleum ether/ethyl acetate, 10:1). 
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1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 8.0 Hz, 2H), 7.28 (t, J = 

8.0 Hz, 2H), 7.03 (t, J = 7.2 Hz, 1H), 6.52 (s, 1H), 1.94 (dq, J = 

14.9, 7.5 Hz, 2H), 1.81 (dq, J = 14.6, 7.4 Hz, 2H), 1.44 (s, 3H), 

0.91 (t, J = 7.5 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 152.7, 138.5, 129.1, 123.1, 118.6, 85.7, 30.8, 23.2, 

8.2. 

HRMS (ESI) m/z: Calculated for C13H1NO2 [M+Na]+: 244.1308, found: 244.1298. 

 

1-methylcyclopentyl phenylcarbamate (3aq) 

Obtained according to the General procedure A (120 °C /16 h), to give 3aq as a yellow 

solid (20.2 mg, 46% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.5 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[25] 
1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 8.0 Hz, 2H), 7.29 (t, J = 

8.0 Hz, 2H), 7.03 (t, J = 7.3 Hz, 1H), 6.51 (s, 1H), 2.24 – 2.13 (m, 

2H), 1.81 – 1.64 (m, 6H), 1.63 (s, 3H). 
13C{1H} NMR (101 MHz, DMSO) δ 152.9, 139.5, 128.6, 122.0, 

118.0, 88.4, 38.8, 24.4, 23.3. 

 

1-methylcyclohexyl phenylcarbamate (3ar) 

Obtained according to the General procedure A (120 °C /16 h), to give 3ar as a yellow 

solid (19.4 mg, 41% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.5 (petroleum ether/ethyl acetate, 10:1). 
1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 8.0 Hz, 2H), 7.29 (t, J = 

7.9 Hz, 2H), 7.03 (t, J = 7.3 Hz, 1H), 6.54 (s, 1H), 2.18 (d, J = 13.3 

Hz, 2H), 1.61 – 1.40 (m, 11H). 
13C{1H} NMR (101 MHz, CDCl3) δ 152.8, 138.5, 129.1, 123.1, 

118.6, 76.8, 37.0, 25.9, 25.5, 22.3. 

HRMS (ESI) m/z: Calculated for C14H19NO2 [M+Na]+: 256.1308, found: 256.1310. 

Mp: 104-106 °C. 

 

1-methylcycloheptyl phenylcarbamate (3as) 

Obtained according to the General procedure A (120 °C /16 h), to give 3as as a yellow 

solid (16.8 mg, 34% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.5 (petroleum ether/ethyl acetate, 10:1). 
1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 8.0 Hz, 2H), 7.28 (t, J = 

7.9 Hz, 2H), 7.03 (t, J = 7.3 Hz, 1H), 6.51 (s, 1H), 2.18 (dd, J = 

14.5, 8.6 Hz, 2H), 1.80 (dd, J = 14.7, 9.9 Hz, 2H), 1.68 – 1.59 (m, 

4H), 1.57 (s, 3H), 1.56 – 1.50 (m, 2H), 1.45 (q, J = 7.5 Hz, 2H). 
13C{1H} NMR (101 MHz, CDCl3) δ 152.9, 138.5, 129.1, 123.1, 

118.6, 86.6, 40.5, 29.7, 27.3, 22.8. 

HRMS (ESI) m/z: Calculated for C15H21NO2 [M+Na]+: 270.1465, found: 270.1453. 

Mp: 62-65 °C. 
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3,7-dimethyloct-6-en-1-yl phenylcarbamate (3at)   

Obtained according to the General procedure A (120 °C /16 h), to give 3at as a white 

oil (54.5 mg, 99% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 25:1); Rf 0.4 (petroleum ether/ethyl acetate, 5:1). 
1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 8.1 Hz, 2H), 7.34 

– 7.27 (m, 2H), 7.06 (t, J = 7.3 Hz, 1H), 6.73 (s, 1H), 5.10 (t, 

J = 7.1 Hz, 1H), 4.27 – 4.15 (m, 2H), 2.00 (dp, J = 23.6, 7.5 

Hz, 2H), 1.74 (dd, J = 11.9, 6.6 Hz, 1H), 1.69 (s, 3H), 1.61 

(s, 3H), 1.60 – 1.54 (m, 1H), 1.48 (td, J = 13.4, 7.5 Hz, 1H), 

1.43 – 1.33 (m, 1H), 1.27 – 1.15 (m, 1H), 0.94 (d, J = 6.6 Hz, 3H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.8, 138.1, 131.5, 129.2, 124.7, 123.5, 118.7, 

63.9, 37.1, 35.9, 29.5, 25.9, 25.5, 19.5, 17.8. 

HRMS (ESI) m/z: Calculated for C17H25NO2 [M+Na]+: 289.1778, found: 298.1770. 

 

(3S,8R,9S,10R,13S,14S)-10,13-dimethyl-17-oxo-2,3,4,7,8,9,10,11,12,13,14,15,16,17-

tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl phenylcarbamate (3au) 

Obtained according to the General procedure A (120 °C /16 h), to give 3au as a white 

solid (65.2 mg, 80% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.5 (petroleum ether/ethyl acetate, 10:1). 
1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 8.0 Hz, 2H), 7.33 – 

7.23 (m, 2H), 7.04 (t, J = 7.3 Hz, 1H), 6.81 (s, 1H), 5.42 (d, J = 

5.1 Hz, 1H), 4.60 (td, J = 11.5, 5.8 Hz, 1H), 2.52 – 2.40 (m, 

2H), 2.34 (t, J = 11.0 Hz, 1H), 2.10 (dt, J = 19.0, 9.1 Hz, 2H), 

1.97 (d, J = 13.3 Hz, 2H), 1.92 – 1.83 (m, 2H), 1.73 – 1.58 (m, 

4H), 1.59 – 1.42 (m, 2H), 1.35 – 1.22 (m, 3H), 1.17 (td, J = 

13.7, 3.7 Hz, 1H), 1.05 (s, 3H), 0.89 (s, 3H). 
13C{1H} NMR (101 MHz, CDCl3) δ 221.2, 153.1, 139.9, 138.1, 129.1, 123.4, 122.1, 118.7, 

74.7, 51.8, 50.2, 47.6, 38.5, 36.8, 35.9, 31.6, 31.5, 30.9, 29.8, 28.1, 21.9, 20.4, 19.5, 

13.7. 

HRMS (ESI) m/z: Calculated for C26H33NO3 [M+Na]+: 430.2353, found: 430.2351. 

Mp: 223-228 °C. 

 

(4S,5'R,6aR,6bS,8aS,8bR,9S,10R,11aS,12aS,12bS)-5',6a,8a,9-tetramethyl-

1,3,3',4,4',5,5',6,6a,6b,6',7,8,8a,8b,9,11a,12,12a,12b-

icosahydrospiro[naphtho[2',1':4,5]indeno[2,1-b]furan-10,2'-pyran]-4-yl 

phenylcarbamate (3av) 

Obtained according to the General procedure A (120 °C /16 h), to give 3av as a white 

solid (64 mg, 60% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.5 (petroleum ether/ethyl acetate, 10:1). 
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1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.1 

Hz, 2H), 7.29 (dd, J = 8.6, 7.2 Hz, 2H), 7.04 (t, 

J = 7.3 Hz, 1H), 6.71 (s, 1H), 5.39 (d, J = 5.4 Hz, 

1H), 4.59 (td, J = 11.5, 5.7 Hz, 1H), 4.42 (q, J = 

7.6 Hz, 1H), 3.48 (dd, J = 10.0, 5.3 Hz, 1H), 

3.38 (t, J = 10.9 Hz, 1H), 2.44 (dd, J = 13.0, 2.9 

Hz, 1H), 2.33 (t, J = 11.0 Hz, 1H), 1.98 (td, J = 

13.1, 5.8 Hz, 3H), 1.91 – 1.83 (m, 2H), 1.82 – 

1.74 (m, 2H), 1.67 – 1.57 (m, 6H), 1.54 – 1.40 

(m, 3H), 1.35 – 1.20 (m, 3H), 1.20 – 1.08 (m, 3H), 1.04 (s, 3H), 0.98 (d, J = 6.9 Hz, 3H), 

0.79 (d, J = 6.6 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 153.2, 139.7, 138.1, 129.2, 123.4, 122.6, 118.6, 109.4, 

80.9, 74.9, 67.0, 62.2, 56.5, 50.0, 41.7, 40.4, 39.8, 38.5, 37.1, 36.8, 32.2, 32.0, 31.5, 

31.5, 30.4, 28.9, 28.2, 20.9, 19.5, 17.3, 16.4, 14.7. 

HRMS (ESI) m/z: Calculated for C34H47NO4 [M+H]+: 534.3578, found: 534.3551. 

Mp: 210-214 °C. 

 

(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl phenylcarbamate (3aw) 

Obtained according to the General procedure A (120 °C /16 h), to give 3aw as a white 

solid (54.5 mg, 99% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 30:1); Rf 0.5 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are 

consistent with those previously reported.[26] 
 1H NMR (400 MHz, CDCl3) δ 7.41 (d, J = 8.0 Hz, 2H), 7.30 (t, J 

= 8.0 Hz, 2H), 7.05 (t, J = 7.4 Hz, 1H), 6.69 (s, 1H), 4.67 (td, J = 

10.9, 4.4 Hz, 1H), 2.11 (d, J = 11.9 Hz, 1H), 1.99 (dqd, J = 9.6, 

7.0, 3.6 Hz, 1H), 1.69 (d, J = 12.1 Hz, 2H), 1.49 (ddt, J = 15.3, 

9.4, 4.6 Hz, 1H), 1.44 – 1.23 (m, 2H), 1.15 – 0.98 (m, 2H), 0.92 

(d, J = 6.8 Hz, 6H), 0.82 (d, J = 6.9 Hz, 3H). 
13C{1H} NMR (101 MHz, CDCl3) δ153.5, 138.3, 129.1, 123.3, 118.6, 75.2, 47.4, 41.5, 

34.4, 31.5, 26.4, 23.6, 22.1, 20.9, 16.5. 

 

Butyl 2-(methylamino)benzoate (5ab)  

Obtained according to the General procedure B (0.2 mmol scale), to give 5ab as a 

yellow oil (23.8 mg, 58% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 200:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are 

consistent with those previously reported.[27] 
1H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 8.0, 1.7 Hz, 1H), 

7.67 (s, 1H), 7.40 – 7.36 (m, 1H), 6.66 (d, J = 7.5 Hz, 1H), 

6.59 (t, J = 7.6 Hz, 1H), 4.26 (t, J = 6.6 Hz, 2H), 2.91 (d, J = 

5.0 Hz, 3H), 1.79 – 1.69 (m, 2H), 1.52 – 0.99 (m, 2H), 0.98 

(t, J = 7.4 Hz, 3H). 
13C{H} NMR (101 MHz, CDCl3) δ 168.9, 152.2, 134.7, 131.6, 

114.4, 110.8, 110.3, 64.2, 31.0, 29.7, 19.5, 13.9. 
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Butyl 2-(ethylamino)benzoate (5bb) 

Obtained according to the General procedure B (0.2 mmol scale), to give 5bb as a 

yellow oil (13.7 mg, 31% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 200:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1).  
1H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 8.0, 1.7 Hz, 1H), 

7.62 (s, 1H), 7.37 – 7.33 (m, 1H), 6.67 (d, J = 8.5 Hz, 1H), 6.61 

– 6.52 (m, 1H), 4.26 (t, J = 6.6 Hz, 2H), 3.28 – 3.18 (m, 2H), 

1.79 – 1.69 (m, 2H), 1.52 – 1.36 (m, 2H), 1.32 (t, J = 7.2 Hz, 

3H), 0.98 (t, J = 7.4 Hz, 3H). 
13C{H} NMR (101 MHz, DMSO) δ 167.8, 150.6, 134.9, 131.1, 

114.3, 111.4, 109.1, 63.7, 36.7, 30.3, 18.9, 14.4, 13.7. 

HRMS (ESI) m/z: Calculated for C13H19N02 [M+Na]+: 244.1308, found: 244.1322. 

 

Butyl 2-(isopropylamino)benzoate (5cb) 

Obtained according to the General procedure B (0.2 mmol scale), to give 5cb as a 

yellow oil (8.9 mg, 19% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 200:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1).  
1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.1 Hz, 1H), 7.68 (d, 

J = 7.3 Hz, 1H), 7.38 – 7.29 (m, 1H), 6.69 (d, J = 8.5 Hz, 1H), 

6.59 – 6.50 (m, 1H), 4.25 (t, J = 6.6 Hz, 2H), 3.72 (h, J = 6.5 

Hz, 1H), 1.79 – 1.68 (m, 2H), 1.48 (p, J = 7.4 Hz, 2H), 1.27 (d, 

J = 6.4 Hz, 6H), 0.97 (t, J = 7.4 Hz, 3H). 
13C{H} NMR (101 MHz, DMSO) δ 167.9, 149.9, 134.8, 131.2, 

114.1, 111.9, 109.0, 63.7, 42.6, 30.3, 22.5, 18.9, 13.6. 

HRMS (ESI) m/z: Calculated for C14H21N02 [M+Na]+: 258.1465, found: 258.1461. 

 

Butyl indoline-7-carboxylate (5db) 

Obtained according to the General procedure B (0.2 mmol scale), to give 5db as a 

yellow oil (7 mg, 16% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 150:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1). 
1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.1 Hz, 1H), 7.16 (d, 

J = 7.1 Hz, 1H), 6.59 – 6.52 (m, 1H), 6.08 (s, 1H), 4.27 (t, J = 

6.6 Hz, 2H), 3.71 (t, J = 8.5 Hz, 2H), 3.05 (t, J = 8.5 Hz, 2H), 

1.77 – 1.69 (m, 2H), 1.50 – 1.43 (m, 2H), 0.97 (t, J = 7.4 Hz, 

3H). 
13C{H} NMR (101 MHz, DMSO) δ 166.5, 154.1, 131.3, 128.4, 

127.3, 115.3, 106.8, 63.4, 46.4, 30.4, 27.8, 18.8, 13.7. 

HRMS (ESI) m/z: Calculated for C13H17N02 [M+H]+: 220.1332, found: 220.1331. 

 

Butyl 1,2,3,4-tetrahydroquinoline-8-carboxylate (5eb) 
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Obtained according to the General procedure B (0.2 mmol scale), to give 5eb as a 

yellow oil (28.9 mg, 62% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 150:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1). 
1H NMR (400 MHz, CDCl3) δ 7.80 (s, 1H), 7.72 (d, J = 8.1 Hz, 

1H), 7.03 (d, J = 7.1 Hz, 1H), 6.44 (t, J = 7.6 Hz, 1H), 4.24 (t, 

J = 6.6 Hz, 2H), 3.49 – 3.36 (m, 2H), 2.78 (t, J = 6.3 Hz, 2H), 

1.90 (p, J = 6.1 Hz, 2H), 1.80 – 1.67 (m, 2H), 1.47 (h, J = 7.4 

Hz, 2H), 0.97 (t, J = 7.4 Hz, 3H). 
13C{H} NMR (101 MHz, CDCl3) δ 169.0, 148.5, 133.8, 129.5, 

122.1, 113.6, 108.8, 64.0, 41.30, 31.0, 27.9, 20.9, 19.5, 13.9. 

HRMS (ESI) m/z: Calculated for C14H19N02 [M+H]+: 256.1308, found: 256.1295. 

 

Butyl 2,3,4,5-tetrahydro-1H-benzo[b]azepine-9-carboxylate (5fb) 

Obtained according to the General procedure B (0.2 mmol scale), to give 5fb as a 

yellow oil (34.5 mg, 70% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 150:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1). 
1H NMR (400 MHz, CDCl3) δ 7.80 (dd, J = 8.0, 1.7 Hz, 1H), 

7.76 (s, 1H), 7.20 (d, J = 7.3 Hz, 1H), 6.67 (t, J = 7.6 Hz, 1H), 

4.26 (t, J = 6.6 Hz, 2H), 3.21 (t, J = 5.4 Hz, 2H), 2.87 – 2.76 (m, 

2H), 1.86 – 1.78 (m, 2H), 1.78 – 1.70 (m, 4H), 1.48 (dq, J = 

14.6, 7.3 Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H). 
13C{H} NMR (101 MHz, CDCl3) δ 169.1, 154.7, 135.8, 133.5, 

129.4, 117.7, 115.1, 64.5, 46.9, 35.5, 30.9, 30.4, 26.3, 19.4, 13.9. 

HRMS (ESI) m/z: Calculated for C15H21N02 [M+H]+: 248.1645, found: 248.1617. 

 

Butyl 3,4-dihydro-2H-benzo[b][1,4]oxazine-5-carboxylate (5gb) 

Obtained according to the General procedure B (0.2 mmol scale), to give 5gb as a 

yellow oil (33 mg, 70% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 150:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1). 
1H NMR (400 MHz, CDCl3) δ 7.50 (s, 1H), 7.50-7.48 (m, 1H), 

6.89 (d, J = 6.2 Hz, 1H), 6.50 (t, J = 7.9 Hz, 1H), 4.25 (t, J = 6.5 

Hz, 2H), 4.23 – 4.19 (m, 2H), 3.53 (td, J = 4.5, 2.5 Hz, 2H), 

1.76z – 1.69 (m, 2H), 1.51 – 1.42 (m, 2H), 0.97 (t, J = 7.4 Hz, 

3H). 
13C{H} NMR (101 MHz, CDCl3) δ 168.7, 143.5, 138.8, 123.8, 

120.2, 114.8, 110.9, 64.3, 64.1, 40.0, 30.9, 19.4, 13.9. 

HRMS (ESI) m/z: Calculated for C13H17N03 [M+H]+: 236.1281, found: 236.1273. 

 

Isopropyl 2-(methylamino)benzoate (5aa) 

Obtained according to the General procedure B (0.2 mmol scale), to give 5aa as a 

colorless oil (11.2 mg, 29% yield). Flash column chromatography (petroleum 

ether/ethyl acetate, 100:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1). 

Spectroscopic data are consistent with those previously reported.[27] 
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1H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 8.0, 1.7 Hz, 1H), 

7.69 (s, 1H), 7.40 – 7.35(m, 1H), 6.66 (d, J = 8.5 Hz, 1H), 

6.62 – 6.51 (m, 1H), 5.19 (p, J = 6.2 Hz, 1H), 2.97 – 2.86 (m, 

3H), 1.35 (d, J = 6.2 Hz, 6H). 
13C{H} NMR (101 MHz, CDCl3) δ 168.4, 152.1, 134.6, 131.7, 

114.3, 110.7, 110.6, 67.6, 29.7, 22.1. 

 

Cyclopentyl 2-(methylamino)benzoate (5ai) 

Obtained according to the General procedure B (0.2 mmol scale), to give 5ai as a 

colorless oil (13.1 mg, 30% yield). Flash column chromatography (petroleum 

ether/ethyl acetate, 150:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1).  
1H NMR (400 MHz, CDCl3) δ 7.87 (dd, J = 8.0, 1.7 Hz, 1H), 

7.69 (s, 1H), 7.39 – 7.35 (m, 1H), 6.65 (d, J = 8.4 Hz, 1H), 

6.60 – 6.56 (m, 1H), 5.36 – 5.31 (m, 1H), 2.90 (d, J = 3.4 

Hz, 3H), 1.97 – 1.88 (m, 2H), 1.86 – 1.74 (m, 4H), 1.70 – 

1.61 (m, 2H). 
13C{1H} NMR (101 MHz, CDCl3) δ 168.7, 152.1, 134.6, 

131.7, 114.3, 110.8, 110.6, 77.1, 32.9, 29.7, 24.0. 

HRMS (ESI) m/z: Calculated for C13H17NO2 [M+H]+: 220.1332, found: 220.1331. 

 

Isopropyl 2,3,4,5-tetrahydro-1H-benzo[b]azepine-9-carboxylate (5fa) 

Obtained according to the General procedure B (0.2 mmol scale), to give 5fa as a 

yellow oil (42 mg, 90% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 150:1); Rf 0.8 (petroleum ether/ethyl acetate, 10:1).  
1H NMR (400 MHz, CDCl3) δ 7.80 (dd, J = 8.1, 1.7 Hz, 1H), 

7.79 (s, 1H), 6.67 (t, J = 7.6 Hz, 1H), 5.25 – 5.15 (m, 1H), 

3.30 – 3.14 (m, 2H), 2.91 – 2.77 (m, 2H), 1.87 – 1.78 (m, 

2H), 1.78 – 1.71 (m, 2H), 1.35 (d, J = 6.3 Hz, 6H). 
13C{1H} NMR (101 MHz, CDCl3) δ 168.5, 154.7, 135.7, 

133.4, 129.4, 117.6, 115.4, 67.9, 46.9, 35.5, 30.5, 26.3, 

22.1. 

HRMS (ESI) m/z: Calculated for C13H17NO2 [M+H]+: 234.1489, found: 234.1483. 

 

Cyclopentyl 2,3,4,5-tetrahydro-1H-benzo[b]azepine-9-carboxylate (5fi) 

Obtained according to the General procedure B (0.2 mmol scale), to give 5fi as a 

yellow oil (46 mg, 89% yield). Flash column chromatography (petroleum ether/ethyl 

acetate, 150:1); Rf 0.8 (petroleum ether/ethyl acetate, 10:1).  
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1H NMR (400 MHz, CDCl3) δ 7.77(s, 1H), 7.70 – 7.75 

(d, 1H), 7.19 (d, J = 7.2 Hz, 1H), 6.66 (t, J = 7.6 Hz, 1H), 

5.37 – 5.33 (m, 1H), 3.22 – 3.19 (m, 2H), 2.83 – 2.80 

(m, 2H), 1.98 – 1.89 (m, 2H), 1.87 – 1.70 (m, 8H), 1.68 

– 1.60 (m, 2H). 
13C{1H} NMR (101 MHz, CDCl3) δ 168.8, 154.6, 135.7, 

133.4, 129.4, 117.6, 115.4, 77.4, 46.9, 35.5, 32.9, 

30.5, 26.3, 24.0. 

HRMS (ESI) m/z: Calculated for C13H17NO2 [M+H]+: 260.1645, found: 260.1640. 
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3.Optimization studies  

Screening of solventsa 

 

Entry Solvent Yieldb (%) 

1 toluene 84 

2 mesitylene 69 

3 anisole 58 

4 1,4-dioxane Trace 

5 THF Trace 

6 DMF 51 

7 n-hexane Trace 

8 CF3Ph 79 

9 DCE ND 

10 H2O NR 

11 DMF:Anisole = 1:1 47 

12 DMF:Toluene = 1:1 42 

13 DMF:Anisole = 1:19 84 

14 DMF:Toluene = 1:19 94 

15 DMF:Toluene = 1:99 90 

16 DMF:Toluene = 1:49 90 
aReaction conditions: 1a (0.2 mmol, 1 equiv), 2a (1 mmol, 5 equiv), RhCl33H2O (0.002 mmol, 1 

mol%), Cu(OPiv)2 (0.4 mmol, 2 equiv), solvent (2 mL), CO (1 atm) in a 25 mL sealed J-Young-tube, 

16 h, 120 oC. bIsolated yield. 
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Screening of catalystsa 

 

Entry catalyst Yieldb (%) 

1 RhCl33H2O 94 

2 RhCl3 63 

3 [RhCp*Cl2]2 40 

4 [Rh(OAc)2]2 91 

5 [Rh(CO)2Cl]2 88 

6 [Rh(COD)Cl]2 97 

7 Pd(OAc)2 Trace 

8 PdCl2 84 

9 Pd2(dba)3 Trace 
aReaction conditions: 1a (0.2 mmol, 1 equiv), 2a (1 mmol, 5 equiv), catalyst (0.002 mmol, 1 mol%), 

Cu(OPiv)2 (0.4 mmol, 2 equiv), DMF/toluene (1/19, 2.0 mL), CO (1 atm) in a 25 mL sealed J-Young-

tube, 16 h, 120 oC. bIsolated yield. 
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Screening of oxidanta 

 

Entry Oxidant Yieldb (%) 

1 Cu(OAc)2 87 

2 Cu(EtO2)2 76 

3 Cu(TFA)2NH2O trace 

4 Cu(OPiv)2 94 

5 AgOAc trace 

6 AgOTFA N.D. 

7 AgOPiv trace 

8 Oxone N.D. 

9 BQ N.D. 

10 K2S2O8 N.D. 

11 Ag2CO3 N.D. 

12 CuBr Trace 

13 

14 

CuBr2 

Ag2O 

N.D. 

N.D. 

15 PhI(OAc)2 N.D. 

16 (t-BuO)2 N.D. 

17 t-BuOOH N.D. 

18 V(CO): V(O2) = 3:1 N.D. 

19 V(CO): (V(O2) = 1:1 N.D. 

20c V(CO): V(O2) = 3:1 Trace 

21c V(CO): (V(O2) = 1:1 N.D. 
aReaction conditions:1a (0.2 mmol, 1 equiv), 2a (1 mmol, 5 equiv), RhCl33H2O (0.002 mmol, 1 

mol%), oxidant (0.4 mmol, 2 equiv), DMF/toluene (1/19, 2.0 mL), CO (1 atm) in a 25 mL sealed J-

Young-tube, 16 h, 120 oC. bIsolated yield. cCu(OPiv)2 (10 mol%) was added. 
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Screening of the concentration of oxidanta 

 

Entry Cu(OPiv)2 (x equiv) Yieldb (%) 

1 1  55 

2 1.2  74 

3 1.5 81 

4 2  94 
aReaction conditions:1a (0.2 mmol, 1 equiv), 2a (1 mmol, 5 equiv), RhCl33H2O (0.002 mmol, 1 

mol%), Cu(OPiv)2 (x equiv), DMF/toluene (1/19, 2.0 mL), CO (1 atm) in a 25 mL sealed J-Young-tube, 

16 h, 120 oC. bIsolated yield. 

 

 

 

 

 

 

Screening of the reaction temperaturea 

 

Entry Temperature (oC) Yieldb (%) 

1 100 41 

2 110 72 

3 120 94 

4 130 94 

5 140 88 
aReaction conditions:1a (0.2 mmol, 1 equiv), 2a (1 mmol, 5equiv), RhCl33H2O (0.002 mmol, 1 

mol%), Cu(OPiv)2 (0.4 mmol, 2 equiv), DMF/toluene (1/19, 2.0 mL), CO (1 atm) in a 25 mL sealed J-

Young-tube, 16 h, T oC. bIsolated yield. 
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4. Preliminary mechanistic studies 

Control experiment to elucidate possible reaction intermediate 

 

In a glovebox, RhCl33H2O (0.01 equiv), Cu(OPiv)2 (2 equiv), were successively weighed 

into a dry 50 mL J-Young tube equipped with a magnetic stir bar. The J-Young tube was 

sealed and taken out of the glovebox. 1a (0.8 mmol, 1 equiv), dry toluene/dry DMF 

(19/1, v/v, 8 mL) were added under nitrogen. The reaction mixture was then degassed 

by three freeze-pump-thaw cycles, backfilled with CO and heated at 120 °C for 16 h. 

The reaction mixture was then cooled to room temperature. The solvent was 

evaporated under reduced pressure and the resulting residue was purified by flash 

column chromatography on silica gel using EtOAc–petroleum ether mixture as an 

eluent to afford 7 (40.7mg, 48% yield) as a yellow solid. 1H NMR (400 MHz, DMSO) δ 

8.66 (s, 2H), 7.51 – 7.42 (m, 4H), 7.33 – 7.23 (m, 4H), 7.02 – 6.92 (m, 2H). 13C{1H} NMR 

(101 MHz, DMSO) δ 152.6, 139.7, 128.8, 121.8, 118.2. Spectroscopic data are 

consistent with those previously reported.[28] 
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In a glovebox, RhCl33H2O (0.01 equiv), Cu(OPiv)2 (2 equiv), were successively weighed 

into a dry 25 mL J-Young tube equipped with a magnetic stir bar. The J-Young tube was 

sealed and taken out of the glovebox. 7 (0.2 mmol, 1 equiv), 2a (5 equiv), dry toluene 

(1.9 mL) and dry DMF (0.1 mL) were added under nitrogen. The reaction mixture was 

then degassed by three freeze-pump-thaw cycles, backfilled with CO and heated at 

120 °C for 16h. Then, the reaction mixture was cooled to room temperature. The 

solvent was evaporated under reduced pressure and the resulting residue was purified 

by flash column chromatography on silica gel using EtOAc–petroleum ether mixture as 

an eluent to afford the desired compound 3aa (30.4 mg, 85% yield).  
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In a glovebox, RhCl33H2O (0.01 equiv), Cu(OPiv)2 (2 equiv), were successively weighed 

into a dry 25 mL J-Young tube equipped with a magnetic stir bar. The J-Young tube was 

sealed and taken out of the glovebox. 8 (0.2 mmol, 1 equiv), 2a (5 equiv), dry toluene 

(1.9 mL) and dry DMF (0.1 mL) were added under nitrogen. The reaction mixture was 

then degassed by three freeze-pump-thaw cycles, backfilled with CO and heated at 

120 °C for 16 h. Then, the reaction mixture was cooled to room temperature. The 

solvent was evaporated under reduced pressure and the resulting residue was purified 

by flash column chromatography on silica gel using EtOAc–petroleum ether mixture as 

an eluent to afford the desired compound 3aa (6.8mg, 19% yield). 

 

More control experiments to get insights into the effect of copper or rhodium salts 

 

In a glovebox, [Rh] (X equiv) or/and Cu(OPiv)2 (Y equiv), were successively weighed 

into a dry 25 mL J-Young tube equipped with a magnetic stir bar. The J-Young tube was 

sealed and taken out of the glovebox. 1a (0.2 mmol, 1 equiv), 2a (5 equiv), dry toluene 

(1.9 mL) and dry DMF (0.1 mL) were added under nitrogen. The reaction mixture was 



S28 
 

then degassed by three freeze-pump-thaw cycles, backfilled with CO and heated at 

120 °C for 16 h. Then, the reaction mixture was cooled to room temperature and 

analyzed by GC-MS and TLC. 

 

More control experiments to get insights into the formation of 3aa from 7 and 2a 

 

Entrya N2 CO RhCl33H2O Cu(OPiv)2 Yieldb of 3aa 

1 / √ √ √ 90% 

2 / √ √ / 14% 

3 / √ / √ 68% 

4 / √ / / 13% 

5 √ / √ √ 56% 

6 √ / √ / 16% 

7 √ / / √ 71% 

8 √ / / / 15% 
aReaction conditions: 7 (0.2 mmol), 2a (5 equiv), Cu(OPiv)2 (0 or 2 equiv), RhCl33H2O 

(0 or 1 mol%), DMF/toluene (1/19, 2.0 mL), CO (1 atm) or N2 in 25 mL sealed J-Young 

tube at 120 oC for 16 h. bYield determined by 1H NMR using 1,3,5-trimethoxybenzene 

as internal standard 

 

Plausible reaction mechanism for C–H alkoxycarbonylation 
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6. NMR spectra 

1H NMR (400 MHz, CDCl3) spectrum of compound 3aa.   
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3aa. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ba. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ba. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ca. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ca. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3da. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3da. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ea. 

 



S40 
 

13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ea. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3fa. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3fa. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ga. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ga. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ha. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ha. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ia. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ia. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ja. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ja. 

 



S51 
 

1H NMR (400 MHz, CDCl3) spectrum of compound 3ka. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ka. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3la. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3la. 

 



S55 
 

1H NMR (400 MHz, CDCl3) spectrum of compound 3ma. 

 



S56 
 

13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ma. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3na. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3na. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3oa. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3oa. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3pa. 

 



S62 
 

13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3pa. 

 



S63 
 

1H NMR (400 MHz, CDCl3) spectrum of compound 3qa. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3qa. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ra. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ra. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3sa. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3sa. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ta. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ta. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ua. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ua. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3va. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3va. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3wa. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3wa. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3xa. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3xa. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ab.    
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ab. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ac. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ac. 

 



S83 
 

1H NMR (400 MHz, CDCl3) spectrum of compound 3ad.   
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ad. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ae.  
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ae. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3af.   
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3af. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ag. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ag. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ah. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ah. 

 



S93 
 

1H NMR (400 MHz, CDCl3) spectrum of compound 3ai.   
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ai. 

 



S95 
 

1H NMR (400 MHz, CDCl3) spectrum of compound 3aj. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3aj. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ak. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ak. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3al. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3al. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3am. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3am. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3an. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3an. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ao. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ao. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ap. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ap. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3aq. 
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13C{1H} NMR (101 MHz, DMSO) spectrum of compound 3aq. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3ar. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3ar. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3as. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3as. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3at. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3at. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3au. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3au. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3av. 

 



S120 
 

13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3av. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 3aw. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 3aw. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 5ab. 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 5ab. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 5bb. 
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13C{1H} NMR (101 MHz, DMSO) spectrum of compound 5bb. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 5cb. 
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13C{1H} NMR (101 MHz, DMSO) spectrum of compound 5cb. 
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1H NMR (400 MHz, CDCl3) spectrum of compound 5db. 

 



S130 
 

13C{1H} NMR (101 MHz, DMSO) spectrum of compound 5db 
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1H NMR (400 MHz, CDCl3) spectrum of compound 5eb 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 5eb 
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1H NMR (400 MHz, CDCl3) spectrum of compound 5ha 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 5ha 
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1H NMR (400 MHz, CDCl3) spectrum of compound 5gb 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 5gb 
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1H NMR (400 MHz, CDCl3) spectrum of compound 5aa 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 5aa 
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1H NMR (400 MHz, CDCl3) spectrum of compound 5ai 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 5ai 
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1H NMR (400 MHz, CDCl3) spectrum of compound 5fa 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 5fa 
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1H NMR (400 MHz, CDCl3) spectrum of compound 5fi 
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13C{1H} NMR (101 MHz, CDCl3) spectrum of compound 5fi 

 


