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1. General considerations

Unless noted otherwise, all solvents were dried by filtration through a Pure–Solv MD–5 

Solvent Purification System (Innovative Technology). Toluene was carefully freeze–pump–

thawed and dried by 4A molecular sieves (activated at 350 °C for 8h). Reaction temperatures 

were reported as the temperatures of the bath surrounding the flasks or cylindrical pressure 

vessel. Sensitive reagents and solvents were transferred under nitrogen into a nitrogen–filled 

glovebox with standard techniques. Analytical thin–layer chromatography (TLC) was carried 

out using 0.2 mm commercial silica gel plates (silica gel 60, F254, Leyan chemical). Cylindrical 

pressure vessel (26 x 109 mm (15 mL) with PTFE lined cap attached) were purchased from 

Synthware. Nuclear magnetic resonance spectra (1H NMR, 13C NMR and 19F NMR) were 

recorded with a Bruker Model DMX 500 (500 MHz, 1H at 500 MHz, 13C at 126 MHz, 19F at 471 

MHz). Chemical shifts were reported in parts per million (ppm, δ), downfield from 

tetramethylsilane (TMS, δ=0.00ppm) and were referenced to residual solvent (CDCl3, δ=7.26 

ppm (1H) and 77.0 ppm (13C)). All the 19F chemical shifts were not referenced. Coupling 

constants were reported in Hertz (Hz). Data for 1H NMR spectra were reported as follows: 

chemical shift (ppm, referenced to protium, s = singlet, d = doublet, t = triplet, q = quartet, quin 

= quintet, dd = doublet of doublets, td = triplet of doublets, ddd = doublet of doublet of 

doublets, m = multiplet, coupling constant (Hz), and integration). All other materials were 

obtained from Rhawn Corporation, Aladdin Bio–Chem Technology or Energy chemical and 

were used as received.
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2. Supplementary table

Optimization of Reaction Conditions a

OH + HN
Ru(cod)Cl2 (5 mol)
ICy●HCl (6 mol
NaOtBu (0.5 equiv.)
toluene [0.1 M]
110 °C, 24 h

N

O

1a 2a 3aa

entry Variation Yieldb

1 Bis(dichloro(1,3,5-trimethylbenzene)ruthenium) instead of 
Ru(cod)Cl2

50%

2 Chloro(pentamethylcyclopentadienyl)(cyclooctadiene)rutheniu
m instead of Ru(cod)Cl2

trace

3 Sphos instead of ICy•HCl trace

4 Xantphos instead of ICy•HCl trace

5 X-phos instead of ICy•HCl 29%

6 Cphos instead of ICy•HCl 32

7 Dppbz instead of ICy•HCl trace

8 SIPr•HCl instead of ICy•HCl 18%

9 Johnphos instead of ICy•HCl trace

10 Triphos instead of ICy•HCl trace

11 Dppf instead of ICy•HCl trace

12 K2CO3 instead of NaOtBu trace
13 CH3COONa instead of NaOtBu trace

14 CF3COONa instead of NaOtBu trace

15 K2HPO4 instead of NaOtBu trace

16 KH2PO4 instead of NaOtBu trace

17 K3PO4 instead of NaOtBu trace
18 DBU instead of NaOtBu trace
19 4-Methylpiperidine instead of NaOtBu trace

20 1-Methylpiperidine instead of NaOtBu trace

21 Cyclopentyl methyl ether instead of Toluene 65%
22 0.1 equiv. NaOtBu instead of 0.5 equiv. NaOtBu trace

23 0.2 equiv. NaOtBu instead of 0.5 equiv. NaOtBu 31%

24 0.3 equiv. NaOtBu instead of 0.5 equiv. NaOtBu 61%

25 0.4 equiv. NaOtBu instead of 0.5 equiv. NaOtBu 82%

26 1.0 equiv. NaOtBu instead of 0.5 equiv. NaOtBu 65%
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aAll the reactions were run with 0.2 mmol of 1a, 0.2 mmol of 2a in a 2 mL toluene at 110 oC for 
24 h. bDetermined by 1H NMR using 1,1,2,2-tetrachloroethane as the internal standard. 
Abbreviations: DABCO, 1,4-diazabicyclo[2.2.2]octane; DBU, 1,8-Diazabicyclo[5.4.0]undec-7-
ene.
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3. General procedure for the preparation of alkenyl alcohol 

Br
O

O
+ PPh3

toluene, reflux

step 1
Ph3P

O

OBr

R1

O

step 2

O

O
THF, DIBAL-H

OH

R1

R

RR

S3

step 3

R1

S1

S2

Step 1: To a 100 mL flask charged with a solution of methyl 4-bromobutyrate (30 mmol) in 

toluene (50 mL) was added triphenylphosphine (60 mmol) at room temperature. Then the 

reaction mixture was stirred at 130 °C overnight and cooled to room temperature. The white 

precipitate was filtered, washed with petroleum ether and dried under vacuum to afford 

phosphonium salt S1.

Step 2: NaH (21.6 mmol, 1.5 equiv.) was added to a suspension of phosphonium salt S1 (15.8 

mmol, 1.1 equiv.) in anhydrous THF (30 mL) at 0 °C under N2 and further stirred for 30 min. 

The reaction mixture was then cooled to -78 °C and benzaldehyde or acetophenone (14.4 

mmol, 1.0 equiv.) was slowly added. After stirred at room temperature for 24 h, the reaction 

was quenched by H2O (10mL) and extracted by ethyl acetate (3 × 20 mL) and washed with 

brine. The organic phase was dried over anhydrous Na2SO4 then filtered and concentrated in 

vacuo. The residue was purified by flash column chromatography to afford S2. 

Step 3: To a suspension of LiAlH4 (3.5 equiv.) in anhydrous THF (25 mL) was slowly added S2 

(1.0 equiv.) in THF at -20°C. Then the reaction was stirred at room temperature for overnight. 

The reaction mixture was cooled to 0 oC and quenched carefully by methanol. Potassium 

sodium tartrate solution was added and stirred vigorously for 2 h until the solution was clear. 

Then the aqueous phase extracted with ethyl acetate (3 × 15 mL) and washed with brine. The 

combined organic extracts were dried over Na2SO4, filtered and concentrated in vacuo. The 

residue was purified by flash column chromatography. 
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1c: Yellow oil. 1H NMR (500 MHz, CDCl3) (E:Z = 9:1) δ 7.21 – 7.10 (m, 

4H), 6.54 (dt, J = 11.4, 1.8 Hz, 1H), 5.72 (dt, J = 11.4, 7.4 Hz, 1H), 3.60 

(t, J = 6.6 Hz, 2H), 2.61 (q, J = 7.6 Hz, 2H), 2.25-2.20 (m, 2H), 1.69 – 1.62 (m, 2H), 1.31 (s, 

1H),1.16 (t, J = 7.6 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 142.4, 136.0, 132.0, 129.3, 128.5, 

128.2, 127.2, 125.4, 62.5, 32.7, 26.5, 24.7, 14.9. HRMS (ESI): Calculated for C13H19O [M+H]: 

191.1436, found: 191.1438.

1d: White oil. 1H NMR (500 MHz, CDCl3) δ 7.90 – 7.79 (m, 2H), 7.53 

– 7.39 (m, 5H), 7.38 – 7.29 (m, 4H), 6.00 (dt, J = 11.6, 1.8 Hz, 1H), 

5.39 – 5.28 (m, 1H), 3.57 (t, J = 6.5 Hz, 2H), 2.33-2.27 (m, 2H), 1.61 – 

1.54 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 134.0, 139.3, 136.8, 131.8, 130.8, 129.2, 128.8, 

128.2, 127.6, 127.2, 127.2, 126.7, 126.4, 125.8, 125.7, 125.3,62.6, 32.7, 24.9. HRMS (ESI): 

Calculated for C21H21O [M+H]: 289.1592, found: 289.1588.

1f: White oil. 1H NMR (500 MHz, CDCl3) δ 7.42 – 7.18 (m, 7H), 6.96-

6.91 (m, 2H), 6.63 (d, J = 11.6 Hz, 1H), 5.80 – 5.64 (m, 1H), 5.09 (d, J 

= 2.4 Hz, 2H), 3.65-3.61 (m, 2H), 2.37 – 2.28 (m, 2H), 1.70 (td, J = 8.7, 4.5 Hz, 2H). 13C NMR 

(126 MHz, CDCl3) δ 156.2, 137.3, 131.9, 130.1, 128.5, 128.1, 127.8, 127.2, 125.1, 120.5, 112.3, 

70.2, 62.6, 32.8, 25.0. HRMS (ESI): Calculated for C18H21O2 [M+H]: 269.1542, found: 269.1544.

1j: Yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.32 – 7.23 (m, 1H), 7.06 

– 7.02 (m, 1H), 7.00-6.96 (m, 1H), 6.95 – 6.88 (m, 1H), 6.40 (dt, J = 

11.7, 1.9 Hz, 1H), 5.71 (dt, J = 11.6, 7.3 Hz, 1H), 3.66 (t, J = 6.5 Hz, 2H), 2.43-2.37 (m, 2H), 1.75-

1.68 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 161.7 (d, J = 244.7 Hz), 139.7(d, J = 7.5 Hz), 133.3, 

129.6 (d, J = 8.3 Hz), 128.4, 124.5(d, J = 2.8 Hz), 115.4(d, J = 21.8 Hz), 113.5(d, J = 21.2 Hz), 

62.4, 32.7, 24.9. 19F NMR (471 MHz, CDCl3) δ -113.6.  HRMS (ESI): Calculated for C11H13FONa 

[M+Na]: 203.0848, found: 203.0848. 

1l: White oil. 1H NMR (500 MHz, CDCl3) δ 7.21 – 7.17 (m, 2H), 

7.12 – 7.07 (m, 2H), 6.41 (d, J = 11.6 Hz, 1H), 5.61 (d, J = 11.6 Hz, 

1H), 3.65 (t, J = 6.5 Hz, 2H), 2.62 – 2.24 (m, 4H), 1.86 (s, 1H), 1.69-1.74 (m, 2H), 0.90 (d, J = 6.6 

Hz, 6H). 13C NMR (126 MHz, CDCl3) δ 140.2, 134.9, 131.3, 129.4, 129.0, 128.5, 62.5, 45.2, 32.9, 

30.2, 25.0, 22.4. HRMS (ESI): Calculated for C15H23O [M+H]: 219.1749, found: 219.1746.

OH

Et

OH

OH

OBn

OH
F

OH

iBu
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1n: Yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.28 – 7.17 (m, 5H), 

6.40-6.35 (m, 1H), 5.67-5.59 (m, 1H), 3.65 (t, J = 6.5 Hz, 2H), 2.48 

(s, 3H), 2.44 – 2.37 (m, 2H), 1.73 – 1.68 (m, 2H), 1.52 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 

136.6, 134.5, 131.9, 129.2, 128.8, 126.4, 62.4, 32.8, 25.0, 16.0. HRMS (ESI): Calculated for 

C12H17OS [M+H]: 209.1000, found: 209.1000.

1u: Yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.13 – 7.05 (m, 4H), 

5.45-5.41(m, 1H), 3.56 (t, J = 6.5 Hz, 2H), 2.46 (d, J = 7.1 Hz, 2H), 

2.10 – 2.04 (m, 2H), 2.02 (t, J = 1.4 Hz, 3H), 1.90 – 1.83 (m, 1H), 

1.62 – 1.55 (m, 2H), 0.91 (d, J = 6.5 Hz, 6H). 13C NMR (126 MHz, CDCl3) δ 134.0, 139.1, 136.9, 

128.9, 127.6, 126.5, 62.5, 45.2, 33.0, 30.2, 25.8, 25.3, 22.5. HRMS (ESI): Calculated for C16H25O 

[M+H]: 233.1905, found: 233.1900.

1v: Yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.11 (d, J = 8.3 Hz, 2H), 

6.89 – 6.83 (m, 2H), 5.47 – 5.36 (m, 1H), 3.80 (s, 3H), 3.59– 3.54 

(m, 2H), 2.06 (t, J = 7.5 Hz, 2H), 2.00 (s, 3H), 1.63 – 1.55 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 

158.2, 136.5, 134.2, 129.0, 126.4, 113.5, 62.5, 55.2, 33.0, 25.7, 25.3. HRMS (ESI): Calculated for 

C13H19O2 [M+H]: 207.1385, found: 207.1389.

1x: Yellow oil. 1H NMR (500 MHz, CDCl3) δ 6.93 – 6.85 (m, 1H), 6.78 

(d, J = 1.5 Hz, 2H), 5.43-5.39 (m, 1H), 3.58 (t, J = 6.5 Hz, 2H), 2.31 (s, 

6H), 2.08 – 2.03 (m, 2H), 2.01-1.98(m, 3H), 1.68 – 1.54 (m, 3H). 13C 

NMR (126 MHz, CDCl3) δ 142.0, 137.6, 137.3, 128.2, 126.3, 125.6, 62.5, 33.0, 25.8, 25.3, 21.4. 

HRMS (ESI): Calculated for C14H21O [M+H]: 205.1592, found: 205.1593.

iBu

OH

OH

O

OH

OH

S
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4. General procedures for the redox neutral ruthenium catalysis 

cross–coupling reactions

OHR + NH
R1

R2
Ru(cod)Cl2 (5 mol)
ICyHCl (6 mol
NaOtBu (0.5 equiv.)
toluene [0.1 M]
110 °C, 24 h

N

O

R2

R1
R

 

A flame–dried 15 mL cylindrical pressure vessel was charged with alkenyl alcohol (0.2 mmol, 

1.0 equiv.), tetrahydropyrrole (0.2 mmol, 1.0 equiv.), Ru(cod)Cl2 (2.8 mg, 0.01 mmol, 5 mol%), 

ICy●HCl (3.2mg, 0.012 mmol, 6 mol%), NaOtBu (9.6 mg, 0.01 mmol, 0.5 equiv.) and 2.0 mL dry 

toluene in a nitrogen-filled glovebox. Then the cylindrical pressure vessel was tightly sealed, 

transferred out of the glovebox and stirred at 110 °C for 24 h. After the completion of the 

reaction, the solvent was removed in vacuo and the residue was purified by flash column 

chromatography on silica gel to give the desired amide products.
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5. Characterization data for the products

3aa (CAS:89414-46-0): 1H NMR (500 MHz, CDCl3) δ 7.29 – 7.24 (m, 

2H), 7.22 – 7.13 (m, 3H), 3.45 (t, J = 6.9 Hz, 2H), 3.37 (t, J = 6.8 Hz, 2H), 

2.64 (t, J = 7.2 Hz, 2H), 2.27 (t, J = 7.0 Hz, 2H), 1.92 (q, J = 6.8 Hz, 2H), 1.83 (q, J = 6.8 Hz, 2H), 

1.74 – 1.65 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 171.6, 142.4, 128.4, 128.3, 125.7, 46.6, 45.6, 

35.8, 34.7, 31.3, 26.1, 24.7, 24.4.

3ab: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.13-7.07 (m, 4H), 3.46 

(t, J = 6.9 Hz, 2H), 3.39 (t, J = 6.8 Hz, 2H), 2.66 – 2.59 (m, 2H), 2.30 (s, 

3H), 2.27 (t, J = 7.8 Hz, 2H), 1.96-1.90 (m, 2H), 1.87-1.82 (m, 2H), 1.79-1.72 (m, 2H), 1.66-1.59 

(m, 2H). 13C NMR (126 MHz, CDCl3) δ 171.5, 140.6, 130.1, 128.8, 125.9, 46.6, 45.6, 33.2, 30.1, 

26.1, 25.0, 19.3. HRMS (ESI): Calculated for C16H24NO [M+H]: 246.1858, found: 246.1860.

3ac: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.17 (m, 4H), 3.48 (t, J = 

6.9 Hz, 2H), 3.42 (t, J = 6.8 Hz, 2H), 2.71 – 2.64 (m, 4H), 2.31 (t, J = 

7.5 Hz, 2H), 1.97-1.93 (m, 2H), 1.89 – 1.84 (m, 2H), 1.81 – 1.75 (m, 2H), 1.70-1.64 (m, 2H), 1.24 

(t, J = 7.6 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 171.5, 129.1, 128.3, 126.0, 125.8, 46.6, 45.6, 

32.5, 31.1, 26.1, 25.5, 25.1, 24.4, 15.4. HRMS (ESI): Calculated for C17H26NO [M+H]: 260.2014, 

found: 260.2012.

3ad: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.89-7.85 (m, 2H), 7.53 

– 7.43 (m, 3H), 7.40 – 7.32 (m, 4H), 7.30-7.27 (m, 1H), 7.21 (d, J = 7.3 

Hz, 1H), 3.36 (t, J = 6.8 Hz, 2H), 3.14-3.09 (m, 2H), 2.41 (d, J = 7.7 Hz, 

1H), 2.32 – 2.25 (m, 1H), 1.95 – 1.82 (m, 4H), 1.81-1.75 (m, 2H), 1.44-

1.38 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 171.5, 141.1, 139.8, 133.5, 130.7, 129.0, 128.1, 

127.7, 127.4, 127.0, 126.3, 125.9, 125.7, 125.6, 125.2, 45.5, 34.2, 32.9, 30.7, 26.1, 24.4, 24.3. 

HRMS (ESI): Calculated for C25H28NO [M+H]: 358.2171, found: 358.2173.

3ae: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.22 – 7.09 (m, 2H), 6.92 

– 6.78 (m, 2H), 3.81 (s, 3H), 3.46 (t, J = 6.9 Hz, 2H), 3.34 (d, J = 13.5 

Hz, 2H), 2.66 (s, 2H), 2.31 – 2.23 (m, 2H), 1.99 – 1.89 (m, 4H), 1.83 (d, J = 13.7 Hz, 2H), 1.44 – 

1.38 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 171.7, 157.5, 130.3, 127.1, 110.2, 55.2, 46.5, 45.6, 

34.4, 24.8, 24.4. HRMS (ESI): Calculated for C16H24NO2 [M+H]: 262.1807, found: 262.1805.

N

O

N

OEt

N

O

N

OOCH3

N

OCH3
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3af: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.47 (m, 2H), 7.41 (m, 

2H), 7.34 (m, 1H), 7.22 – 7.15 (m, 2H), 6.95-6.92 (m, 2H), 5.10 (s, 

2H), 3.47 (t, J = 6.8 Hz, 2H), 3.34 (t, J = 6.8 Hz, 2H), 2.74 (t, J = 7.1 Hz, 2H), 2.28 (t, J = 7.2 Hz, 

2H), 1.95-1.89 (m, 2H), 1.87-1.83 (m, 2H), 1.77 – 1.69 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 

171.8, 156.6, 130.0, 128.5, 127.7, 127.1, 126.9, 120.7, 111.7, 69.8, 46.6, 45.6, 34.7, 30.0, 29.8, 

26.1, 24.8, 24.4. HRMS (ESI): Calculated for C22H28NO2 [M+H]: 338.2120, found: 338.2122.

3ag: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.20=7.14 (m, 2H), 7.06 

– 6.95 (m, 2H), 3.45 (t, J = 6.9 Hz, 2H), 3.39 (t, J = 6.8 Hz, 2H), 2.67 (t, 

J = 7.2 Hz, 2H), 2.28 (t, J = 7.2 Hz, 2H), 1.96-1.90 (m, 2H), 1.86-1.81 (m, 2H), 1.74 – 1.65 (m, 

4H). 13C NMR (126 MHz, CDCl3) δ 171.5, 160.2 (d, J = 244.3 Hz), 130.7 (d, J = 5.4 Hz), 129.1(d, 

J = 15.7 Hz), 127.4(d, J = 7.5 Hz), 123.9(d, J = 3.6 Hz), 115.1 (d, J = 22.1 Hz), 46.6, 45.6, 34.5, 

29.9, 28.8, 26.1, 24.6, 24.4. 19F NMR (471 MHz, CDCl3) δ -114.1. HRMS (ESI): Calculated for 

C15H21FNO [M+H]: 250.1607, found: 250.1608.

3ah: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.15 (t, J = 7.5 Hz, 

1H), 6.99 (d, J = 4.9 Hz, 2H), 6.97 (s, 1H), 3.45 (t, J = 6.9 Hz, 2H), 

3.38 (t, J = 6.8 Hz, 2H), 2.60 (t, J = 7.3 Hz, 2H), 2.32 (s, 3H), 2.27 

(t, J = 7.2 Hz, 2H), 1.95-1.90 (m, 2H), 1.87-1.82 (m, 2H), 1.73 – 1.63 (m, 4H). 13C NMR (126 

MHz, CDCl3 δ 171.7, 142.4, 129.3, 128.2, 126.4, 125.4, 46.6, 45.6, 35.8, 34.7, 31.4, 26.1, 24.7, 

24.4, 21.4. HRMS (ESI): Calculated for C16H24NO [M+H]: 246.1858, found: 246.1861.

3ai: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.18-7.12 (m, 2H), 

6.92 – 6.77 (m, 2H), 3.81 (s, 3H), 3.45 (t, J = 6.9 Hz, 2H), 3.39 (t, 

J = 6.8 Hz, 2H), 2.67 – 2.58 (m, 2H), 2.28 (t, J = 7.5 Hz, 2H), 1.94-1.90 (q, J = 6.7 Hz, 2H), 1.86 – 

1.81 (m, 2H), 1.74-1.69 (m, 2H), 1.66-1.60 (m, 2H).  13C NMR (126 MHz, CDCl3) δ 171.8, 157.4, 

130.8, 129.8, 126.9, 120.4, 110.2, 55.3, 46.6, 45.6, 34.8, 30.0, 29.7, 26.1, 24.9, 24.4. HRMS (ESI): 

Calculated for C16H24NO2 [M+H]: 262.1807, found: 262.1808.

3aj: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.25 – 7.17 (m, 1H), 

6.95 (d, J = 7.6 Hz, 1H), 6.93 – 6.75 (m, 2H), 3.46 (t, J = 6.9 Hz, 2H), 

3.38 (t, J = 6.8 Hz, 2H), 2.64 (t, J = 7.2 Hz, 2H), 2.27 (t, J = 7.0 Hz, 

2H), 1.97-1.91 (m, 2H), 1.87-1.81 (m, 2H), 1.74 – 1.65 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 

171.4, 162.9 (d, J = 244.7 Hz), 145.0 (d, J = 7.3 Hz), 129.6 (d, J = 8.3 Hz), 124.1(d, J = 20.5 Hz), 

N

OBn O

N

F O

N

O
H3C

N

O
MeO

N

O
F
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115.2(d, J = 20.5 Hz), 112.6 (d, J = 21.1 Hz), 46.6, 45.6, 35.6, 34.6, 31.0, 26.1, 24.5, 24.4. 19F 

NMR (471 MHz, CDCl3) δ -114.1. HRMS (ESI): Calculated for C15H21FNO [M+H]: 250.1607, 

found: 250.1611.

3ak: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.24 – 7.13 (m, 3H), 

7.06 (d, J = 7.4 Hz, 1H), 3.45 (t, J = 6.9 Hz, 2H), 3.38 (t, J = 6.8 Hz, 

2H), 2.62 (t, J = 7.1 Hz, 2H), 2.27 (t, J = 7.0 Hz, 2H), 1.96-1.91 (m, 

2H), 1.87 – 1.80 (m, 2H), 1.69-1.64 (m, 4H). 13C NMR (126 MHz, CDCl3) 171.4, 144.4, 134.0, 

129.5, 128.5, 126.7, 125.9, 46.6, 45.6, 35.5, 34.5, 31.0, 26.1, 24.5, 24.4. HRMS (ESI): Calculated 

for C15H21ClNO [M+H]: 266.1312, found: 266.1313.

3al: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.10 – 7.02 (m, 4H), 

3.45 (t, J = 6.9 Hz, 2H), 3.37 (t, J = 6.8 Hz, 2H), 2.61 (t, J = 7.3 Hz, 

2H), 2.43 (d, J = 7.2 Hz, 2H), 2.27 (t, J = 7.2 Hz, 2H), 1.96 – 1.90 

(m, 2H), 1.84 (d, J = 7.1 Hz, 2H), 1.69-1.63 (m, 4H), 0.89 (d, J = 6.6 Hz, 6H). 13C NMR (126 MHz, 

CDCl3) δ171.6, 139.6, 139.0, 129.0, 128.1, 46.6, 45.6, 45.1, 35.4, 34.7, 31.4, 30.3, 26.1, 24.7, 

24.4, 22.4. HRMS (ESI): Calculated for C19H30NO [M+H]: 288.2327, found: 288.2323.

3am: White solid. Melting point: 87–88 °C. 1H NMR (500 MHz, 

CDCl3) 7.60 – 7.54 (m, 2H), 7.53 – 7.46 (m, 2H), 7.45 – 7.38 (m, 

2H), 7.35 – 7.29 (m, 1H), 7.27 – 7.22 (m, 2H), 3.45 (t, J = 6.9 Hz, 

2H), 3.37 (t, J = 6.8 Hz, 2H), 2.68 (t, J = 7.1 Hz, 2H), 2.28 (t, J = 7.1 Hz, 2H), 1.93-1.90 (m, 2H), 

1.86-1.80 (m, 2H), 1.75-1.69 (m, 4H). 13C NMR (126 MHz, CDCl3) 171.5, 141.6, 141.2, 138.7, 

128.9, 128.7, 127.1, 127.0, 46.6, 45.6, 35.5, 34.7, 31.3, 26.2, 24.7, 24.4. HRMS (ESI): Calculated 

for C21H26NO [M+H]: 308.2014, found: 308.2017.

3an: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.26 – 7.00 (m, 

4H), 3.45 (t, J = 6.9 Hz, 2H), 3.37 (t, J = 6.8 Hz, 2H), 2.60 (t, J = 

7.3 Hz, 2H), 2.46 (s, 3H), 2.26 (t, J = 7.2 Hz, 2H), 1.94-1.90 (m 

2H), 1.86-1.81 (m, 2H), 1.75 – 1.59 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 171.5, 139.2, 135.1, 

129.0, 127.1, 46.7, 45.6, 35.3, 34.6, 31.3, 26.1, 24.6, 24.4, 16.4.  HRMS (ESI): Calculated for 

C16H24NOS [M+H]: 278.1579, found: 278.1584.

3ao: Brown oil.1H NMR (500 MHz, CDCl3) δ 7.13 – 7.07 (m, 

2H), 6.84 – 6.80 (m, 2H), 3.78 (s, 3H), 3.45 (t, J = 6.9 Hz, 2H), 
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3.38 (t, J = 6.8 Hz, 2H), 2.58 (t, J = 7.4 Hz, 2H), 2.27 (t, J = 7.3 Hz, 2H), 1.96 – 1.91 (m, 2H), 1.86 

– 1.81 (m, 2H), 1.70 – 1.64 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 171.6, 157.7, 134.5, 129.3, 

113.7, 55.3, 46.6, 45.6, 34.9, 34.7, 31.6, 26.1, 24.6, 24. HRMS (ESI): Calculated for C16H24NO2 

[M+H]: 262.1807, found: 262.1803.

3ap (CAS:1215696-45-9): 1H NMR (500 MHz, CDCl3) δ 7.14 – 

7.11 (m, 2H), 6.95 (t, J = 8.4 Hz, 2H), 3.45 (t, J = 6.9 Hz, 2H), 3.38 

(t, J = 6.8 Hz, 2H), 2.61 (t, J = 7.2 Hz, 2H), 2.27 (t, J = 7.0 Hz, 2H), 

1.97 – 1.91 (m, 2H), 1.87 – 1.81 (m, 2H), 1.71 – 1.64 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 

171.4, 161.2 (d, J = 243.4 Hz), 137.98 (d, J = 3.4 Hz), 129.69 (d, J = 7.5 Hz), 114.96 (d, J = 21.1 

Hz), 46.59, 45.60, 35.01, 34.59, 31.43, 26.13, 24.49, 24.41. 19F NMR (471 MHz, CDCl3) δ -

118.09.

3aq: Brown oil.1H NMR (500 MHz, CDCl3) δ 7.23 (d, J = 8.1 Hz, 

2H), 7.11 (d, J = 8.1 Hz, 2H), 3.45 (t, J = 6.9 Hz, 2H), 3.37 (t, J = 6.8 

Hz, 2H), 2.61 (t, J = 7.2 Hz, 2H), 2.26 (t, J = 7.0 Hz, 2H), 1.94 (p, J = 

6.8 Hz, 2H), 1.84 (p, J = 6.8 Hz, 2H), 1.72 – 1.64 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 171.4, 

140.8, 131.4, 129.8, 128.4, 46.6, 45.6, 35.2, 34.6, 31.2, 26.1, 24.5, 24.4. HRMS (ESI): Calculated 

for C15H21ClNO [M+H]: 266.1312, found: 266.1311.

3ar: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.80 – 7.74 (m, 3H), 

7.61 (s, 1H), 7.45 – 7.38 (m, 2H), 7.33 (d, J = 8.4 Hz, 1H), 3.44 (t, 

J = 6.9 Hz, 2H), 3.35 (t, J = 6.8 Hz, 2H), 2.81 (t, J = 6.8 Hz, 2H), 

2.28 (t, J = 6.7 Hz, 2H), 1.93 – 1.88 (m, 2H), 1.84 – 1.80 (m, 2H), 1.78 – 1.72 (m, 4H). 13C NMR 

(126 MHz, CDCl3) δ 171.5, 140.0, 133.6, 132.0, 127.8, 127.6, 127.4, 127.4, 126.4, 125.8, 125.1, 

46.6, 45.6, 36.0, 34.7, 31.2, 26.1, 24.7, 24.4. HRMS (ESI): Calculated for C19H24NO [M+H]: 

282.1858, found: 282.1858. 

3as (CAS:3389-56-8): 1H NMR (500 MHz, CDCl3) δ 3.46 (t, J = 6.9 Hz, 

2H), 3.41 (t, J = 6.8 Hz, 2H), 2.25 (t, J = 7.6 Hz, 2H), 1.98 – 1.92 (m, 2H), 

1.88 – 1.82 (m, 2H), 1.68 – 1.62 (m, 2H), 1.35 – 1.31 (m, 4H), 0.92 – 0.88 (m, 3H). 13C NMR 

(126 MHz, CDCl3) δ 171.9, 46.6, 45.6, 34.8, 31.7, 26.1, 24.7, 24.4, 22.5, 14.0.

3at: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.10 – 7.06 (m, 4H), 

3.43 (t, J = 6.9 Hz, 2H), 3.33 (t, J = 6.8 Hz, 2H), 2.71 – 2.64 (m, 
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1H), 2.31 (s, 3H), 2.22 – 2.17 (m, 2H), 1.94 – 1.88 (m, 2H), 1.85 – 1.79 (m, 2H), 1.65 – 1.58 (m, 

3H), 1.55 – 1.48 (m, 1H), 1.23 (d, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 171.6, 144.5, 

135.3, 129.0, 126.9, 46.6, 45.6, 39.5, 38.2, 34.8, 26.1, 24.4, 23.2, 22.4, 21.0. HRMS (ESI): 

Calculated for C17H26NO [M+H]: 260.2014, found: 260.2010. 

3au: Brown oil.1H NMR (500 MHz, CDCl3) δ 7.09 – 7.03 (m, 

4H), 3.43 (t, J = 6.9 Hz, 2H), 3.32 (t, J = 6.8 Hz, 2H), 2.71 – 2.64 

(m, 1H), 2.43 (d, J = 7.2 Hz, 2H), 2.26 – 2.19 (m, 2H), 1.93 – 

1.87 (m, 2H), 1.84 – 1.80 (m, 2H), 1.70 – 1.56 (m, 4H), 1.54 – 1.49 (m, 1H), 1.23 (d, J = 7.0 Hz, 

3H), 0.89 (d, J = 6.7 Hz, 6H). 13C NMR (126 MHz, CDCl3) δ 171.7, 144.7, 139.1, 129.0, 126.7, 

46.6, 45.6, 45.1, 39.5, 38.2, 34.9, 30.2, 26.1, 24.4, 23.2, 22.4, 22.4. HRMS (ESI): Calculated for 

C20H32NO [M+H]: 302.2484, found: 302.2487. 

3av: Brown oil.1H NMR (500 MHz, CDCl3) δ 7.13 – 7.07 (m, 

2H), 6.86 – 6.79 (m, 2H), 3.78 (s, 3H), 3.43 (t, J = 6.9 Hz, 2H), 

3.33 (t, J = 6.8 Hz, 2H), 2.70 – 2.63 (m, 1H), 2.21 – 2.19 (m, 2H), 

1.94 – 1.89 (m, 2H), 1.85 – 1.80 (m, 2H), 1.62 – 1.50 (m, 4H), 1.22 (d, J = 6.9 Hz, 3H). 13C NMR 

(126 MHz, CDCl3) δ 171.6, 157.7, 139.6, 127.8, 113.7, 55.3, 46.6, 45.6, 39.1, 38.3, 34.9, 26.1, 

24.4, 23.1, 22.5. HRMS (ESI): Calculated for C17H26NO2 [M+H]: 276.1964, found: 276.1962. 

3aw: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.16 – 7.10 (m, 2H), 

7.00 – 6.92 (m, 2H), 3.43 (t, J = 6.9 Hz, 2H), 3.33 (t, J = 6.8 Hz, 2H), 

2.73 – 2.66 (m, 1H), 2.20 (t, J = 6.9 Hz, 2H), 1.95 – 1.89 (m, 2H), 

1.85 – 1.80 (m, 2H), 1.63 – 1.58 (m, 3H), 1.53 – 1.47 (m, 1H), 1.22 (d, J = 6.9 Hz, 3H). 13C NMR 

(126 MHz, CDCl3) δ 171.43, 161.14 (d, J = 243.1 Hz), 143.01 (d, J = 3.2 Hz), 128.22 (d, J = 7.8 

Hz), 114.95 (d, J = 20.8 Hz), 46.52, 45.54, 39.25, 38.20, 34.71, 26.08, 24.36, 22.99, 22.43.19F 

NMR (471 MHz, CDCl3) δ -117.87. HRMS (ESI): Calculated for C16H22FNO [M+H]: 264.1764, 

found: 264.1768. 

3ax: Brown oil. 1H NMR (500 MHz, CDCl3) δ 6.81 – 6.79 (m, 3H), 

3.43 (t, J = 6.9 Hz, 2H), 3.34 (t, J = 6.9 Hz, 2H), 3.33 (d, J = 7.0 Hz, 

2H), 2.30 – 2.28 (m, 3H), 2.22 – 2.19 (m, 1H), 1.91 (p, J = 6.8, 

2H), 1.82 (p, J = 6.8 Hz, 2H), 1.67 – 1.53 (m, 9H), 1.22 (d, J = 6.9 Hz, 3H). 13C NMR (126 MHz, 

N

O

iBu

CH3

N

O

H3CO

CH3

N

O

F

CH3

N

CH3
H3C

CH3

O



S14

CDCl3) δ 171.7, 147.5, 137.7, 127.5, 124.8, 46.6, 45.6, 39.8, 38.2, 34.9, 29.7, 26.1, 24.4, 23.2, 

22.3, 21.4. HRMS (ESI): Calculated for C18H28NO [M+H]: 274.2171, found: 274.2171. 

3ba: Brown oil.1H NMR (500 MHz, CDCl3) δ 7.26 (t, J = 7.5 Hz, 

2H), 7.20 – 7.14 (m, 3H), 3.44 – 3.34 (m, 3H), 3.22 (dd, J = 9.9, 5.9 

Hz, 1H), 2.64 (t, J = 7.1 Hz, 2H), 2.27 – 2.21 (m, 3H), 2.17 (p, J = 

6.1 Hz, 1H), 1.73 – 1.64 (m, 4H), 1.61 – 1.55 (m, 2H), 1.54 – 1.45 (m, 2H), 1.44 – 1.35 (m, 4H). 

13C NMR (126 MHz, CDCl3) δ 172.3, 142.4, 128.4, 128.3, 125.7, 50.8, 49.4, 37.6, 35.9, 35.8, 34.5, 

31.3, 25.8, 25.8, 24.7, 22.8, 22.6. HRMS (ESI): Calculated for C19H28NO [M+H]: 286.2171, 

found: 286.2175.

3ca(CAS:872815-54-8): 1H NMR (500 MHz, CDCl3) δ 7.28 – 

7.25 (m, 2H), 7.18 – 7.15 (m, 3H), 4.57 (d, J = 13.2 Hz, 1H), 3.76 

(d, J = 13.4 Hz, 1H), 2.95 (td, J = 13.2, 2.4 Hz, 1H), 2.65 – 2.63 

(m, 2H), 2.51 (td, J = 12.9, 2.5 Hz, 1H), 2.34 – 2.31 (m, 2H), 1.73 – 1.64 (m, 6H), 1.61 – 1.53 (m, 

1H), 1.09 – 1.02 (m, 2H), 0.94 (d, J = 6.5 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 171.3, 142.3, 

128.4, 128.3, 125.7, 46.0, 42.0, 35.7, 34.7, 33.8, 33.4, 31.2, 31.1, 25.1, 21.7. 

3da: Brown oil.1H NMR (500 MHz, CDCl3) δ 7.29 – 7.24 (m, 4H), 

7.21 – 7.15 (m, 4H), 7.12 – 7.11 (m, 2H), 4.59 (d, J = 13.1 Hz, 1H), 

3.76 (d, J = 13.3 Hz, 1H), 2.88 (t, J = 12.9 Hz, 1H), 2.63 (t, J = 6.6 

Hz, 2H), 2.56 – 2.42 (m, 3H), 2.31 – 2.29 (m, 2H), 1.75 – 1.69 (m, 1H), 1.68 – 1.64 (m, 6H), 1.16 

– 1.04 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 171.2, 142.3, 140.0, 129.1, 128.5, 128.3, 126.1, 

125.7, 45.9, 43.0, 42.0, 38.3, 35.8, 33.3, 32.7, 31.8, 31.3, 25.1. HRMS (ESI): Calculated for 

C23H30NO [M+H]: 336.2327, found: 336.2325.

3ea (CAS:1071001-86-9): 1H NMR (500 MHz, CDCl3) δ 7.29 – 7.25 

(m, 2H), 7.19 – 7.16 (m, 3H), 3.66 – 3.59 (m, 6H), 3.41 (t, J = 4.8 Hz, 

2H), 2.67 – 2.62 (m, 2H), 2.33 – 2.30 (m, 2H), 1.70 – 1.66 (m, 4H). 

13C NMR (126 MHz, CDCl3) δ 1171.6, 142.2, 128.4, 128.3, 125.8, 67.0, 66.7, 46.0, 41.9, 35.7, 

33.0, 31.1, 24.8.

3fa (CAS:1215790-81-0): 1H NMR (500 MHz, CDCl3) δ 7.30 – 

7.24 (m, 4H), 7.19 – 7.15 (m, 3H), 6.95 – 6.87 (m, 3H), 3.80 – 

3.71 (t, J = 5.1 Hz, 2H), 3.61 – 3.52 (t, J = 5.0 Hz, 2H), 3.13 (q, J 
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= 4.2 Hz, 4H), 2.65 (t, J = 6.9 Hz, 2H), 2.38 (t, J = 7.1 Hz, 2H), 1.70 (p, J = 3.7 Hz, 4H). 13C NMR 

(126 MHz, CDCl3) δ 171.5, 151.0, 142.2, 129.3, 128.4, 128.3, 125.8, 120.6, 116.7, 49.8, 49.5, 

45.6, 41.5, 35.7, 33.2, 31.2, 24.9.

3ga (CAS:1216410-52-4): 1H NMR (500 MHz, CDCl3) δ 7.41 – 7.15 

(m, 10H), 4.61 – 4.53 (m, 2H), 2.97 – 2.91 (m, 3H), 2.71 – 2.62 (m, 

2H), 2.41 (q, J = 6.6 Hz, 2H), 1.80 – 1.73 (m, 3H), 1.70 – 1.65 (m, 1H). 13C NMR (126 MHz, CDCl3) 

δ 173.4, 173.0, 142.4, 142.3, 137.6, 136.8, 128.9, 128.6, 128.4, 128.4, 128.3, 128.2, 128.0, 

127.6, 127.3, 126.3, 125.7, 125.6, 53.4, 50.8, 35.8, 35.8, 34.8, 33.9, 33.4, 33.0, 31.3, 31.2, 25.1, 

24.9.

3ha (CAS:1215457-69-4): 1H NMR (500 MHz, CDCl3) δ 7.34 – 7.25 

(m, 8H), 7.19 – 7.12 (m, 3H), 5.60 (d, J = 6.6 Hz, 1H), 5.17 – 5.10 (m, 

1H), 2.61 (t, J = 7.3 Hz, 2H), 2.18 (t, J = 7.1 Hz, 2H), 1.70 – 1.64 (m, 4H), 1.47 (d, J = 6.9 Hz, 3H). 

13C NMR (126 MHz, CDCl3) δ 171.8, 143.3, 142.2, 128.7, 128.4, 128.3, 127.4, 126.2, 125.8, 48.6, 

36.7, 35.7, 31.0, 25.4, 21.7.

3ia (CAS:144146-84-9): 1H NMR (500 MHz, CDCl3) δ 7.34 – 7.30 

(m, 2H), 7.29 – 7.24 (m, 5H), 7.19 – 7.13 (m, 3H), 5.71 (s, 1H), 4.42 

(d, J = 5.7 Hz, 2H), 2.62 (t, J = 7.3 Hz, 2H), 2.22 (t, J = 7.2 Hz, 2H), 

1.73 – 1.64 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 172.7, 142.2, 138.4, 128.7, 128.4, 128.3, 

127.9, 127.5, 125.8, 43.6, 36.6, 35.7, 31.1, 25.4.

3ja: White solid. Melting point: 87-88 °C. 1H NMR (500 

MHz, CDCl3) δ 7.29 – 7.25 (m, 4H), 7.22 – 7.11 (m, 5H), 5.72 

(s, 1H), 4.38 (d, J = 5.8 Hz, 2H), 2.62 (t, J = 7.3 Hz, 2H), 2.22 

(t, J = 7.2 Hz, 2H), 1.74 – 1.63 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 172.7, 142.1, 137.0, 133.3, 

129.2, 128.8, 128.4, 128.4, 125.8, 42.9, 36.6, 35.7, 31.1, 25.3. HRMS (ESI): Calculated for 

C18H21ClNO [M+H]: 302.1312, found: 302.1318.

3ka (CAS:1215514-45-6): 1H NMR (500 MHz, CDCl3) δ 

7.31 – 7.23 (m, 2H), 7.18 – 7.14 (m, 3H), 6.84 – 6.59 (m, 3H), 

5.93 (s, 2H), 5.70 (s, 1H), 4.31 (d, J = 5.7 Hz, 2H), 2.62 (t, J = 

7.3 Hz, 2H), 2.20 (t, J = 7.2 Hz, 2H), 1.73 – 1.61 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 172.6, 
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147.9, 147.0, 142.2, 132.3, 128.4, 128.3, 125.8, 121.1, 108.4, 108.3, 101.1, 43.4, 36.6, 35.7, 31.1, 

25.4. 

4aa (CAS:100420-10-8): 1H NMR (500 MHz, CDCl3) δ 7.29 – 7.26 (m, 

2H), 7.20 – 7.16 (m, 3H), 3.46 (t, J = 6.9 Hz, 2H), 3.32 (t, J = 6.8 Hz, 2H), 

2.69 (t, J = 7.6 Hz, 2H), 2.26 (t, J = 7.5 Hz, 2H), 2.00 (p, J = 6.7 Hz, 2H), 1.92 (p, J = 6.7 Hz, 2H), 

1.83 (p, J = 6.8 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ171.4, 141.9, 128.5, 128.3, 125.8, 46.5, 

45.6, 35.4, 33.9, 26.3, 26.1, 24.4. 

4ab: Brown oil. 1H NMR (500 MHz, CDCl3) δ7.22 – 7.09 (m, 2H), 6.87 

(t, J = 7.4 Hz, 1H), 6.83 (d, J = 8.1 Hz, 1H), 3.81 (s, 3H), 3.46 (t, J = 6.9 Hz, 

2H), 3.34 (t, J = 6.8 Hz, 2H), 2.68 (t, J = 7.5 Hz, 2H), 2.27 (t, J = 7.6 Hz, 

2H), 1.99 – 1.89 (m, 4H), 1.87 – 1.80 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 171.7, 157.5, 130.3, 

123.0, 127.1, 120.3, 110.2, 55.2, 46.5, 45.6, 34.4, 29.8, 26.1, 24.8, 24.4. HRMS (ESI): Calculated 

for C15H22NO2 [M+H]: 248.1651, found: 248.1648.

4ac:(CAS:1216738-01-0): 1H NMR (500 MHz, CDCl3) δ 7.08 (s, 

4H), 3.45 (t, J = 6.9 Hz, 2H), 3.32 (t, J = 6.8 Hz, 2H), 2.64 (t, J = 7.5 

Hz, 2H), 2.31 (s, 3H), 2.25 (t, J = 7.5 Hz, 2H), 2.00 – 1.94 (m, 2H), 1.92 – 1.89 (m, 2H), 1.85 – 

1.81 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 171.4, 138.8, 135.2, 129.0, 128.4, 46.5, 45.6, 34.9, 

33.9, 26.4, 26.1, 24.4, 21.0. 

4ad (CAS:2340760-34-9): 1H NMR (500 MHz, CDCl3) δ 7.11 – 

7.09 (m, 2H), 6.86 – 6.77 (m, 2H), 3.78 (s, 3H), 3.45 (t, J = 6.9 Hz, 

2H), 3.32 (t, J = 6.8 Hz, 2H), 2.62 (t, J = 7.5 Hz, 2H), 2.25 (t, J = 7.5 

Hz, 2H), 1.99 – 1.94 (m, 2H), 1.93 – 1.89 (m, 2H), 1.83 (p, J = 6.6 Hz, 2H). 13C NMR (126 MHz, 

CDCl3) δ 171.4, 157.8, 134.0, 129.4, 113.7, 55.3, 46.5, 45.6, 34.4, 33.9, 26.5, 26.1, 24.4.

4ae (CAS:1215665-98-7): 1H NMR (500 MHz, CDCl3) 7.27 – 7.22 

(m, 2H), 7.12 (d, J = 8.3 Hz, 2H), 3.46 (t, J = 6.9 Hz, 2H), 3.33 (t, J = 

6.8 Hz, 2H), 2.65 (t, J = 7.6 Hz, 2H), 2.25 (t, J = 7.4 Hz, 2H), 2.00 – 

1.90 (m, 4H), 1.84 (p, J = 6.7 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 171.1, 140.3, 131.5, 129.9, 

128.4, 46.5, 45.6, 34.7, 33.7, 26.2, 26.1, 24.4.

4af: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.16 (t, J = 7.4 Hz, 1H), 7.03 

– 6.97 (m, 4H), 3.46 (t, J = 6.8 Hz, 2H), 3.33 (t, J = 6.7 Hz, 2H), 2.64 (t, J 
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= 7.5 Hz, 2H), 2.32 (s, 3H), 2.26 (t, J = 7.5 Hz, 2H), 2.01 – 1.97 (m, 2H), 1.91 (q, J = 6.8 Hz, 2H), 

1.86 – 1.81 (m, 2H).13C NMR (126 MHz, CDCl3) δ 171.5, 141.8, 137.9, 129.3, 128.2, 126.6, 

125.5, 46.5, 45.6, 35.3, 33.9, 26.3, 26.1, 24.4, 21.4. HRMS (ESI): Calculated for C15H22NO [M+H]: 

232.1701, found: 2 32.1702.

4ag: White solid. Melting point: 51-52 °C. 1H NMR (500 MHz, 

CDCl3) δ 7.04 (d, J = 8.1 Hz, 1H), 6.51 – 6.40 (m, 2H), 3.86 – 3.75 

(m, 6H), 3.47 (t, J = 6.8 Hz, 2H), 3.36 (t, J = 6.7 Hz, 2H), 2.62 (t, J 

= 7.6 Hz, 2H), 2.27 (t, J = 7.6 Hz, 2H), 1.99 – 1.91 (m, 4H), 1.90 – 1.78 (m, 2H). 13C NMR (126 

MHz, CDCl3) δ 171.7, 159.1, 158.4, 130.1, 122.7, 103.7, 98.4, 55.4, 55.2, 46.5, 45.6, 34.3, 29.1, 

26.1, 25.0, 24.4. HRMS (ESI): Calculated for C16H24NO3 [M+H]: 278.1756, found: 278.1757.

4ah: Brown oil. 1H NMR (500 MHz, CDCl3) δ 7.98 (d, J = 8.0 Hz, 

2H), 7.29 – 7.26 (m, 3H), 4.61 (d, J = 1.9 Hz, 1H), 3.46 (t, J = 6.9 

Hz, 2H), 3.33 (t, J = 6.8 Hz, 2H), 2.75 (t, J = 7.6 Hz, 2H), 2.27 (t, J 

= 7.4 Hz, 2H), 2.02 (t, J = 7.5 Hz, 2H), 1.94 – 1.91 (m, 2H), 1.85 

(q, J = 6.8 Hz, 2H), 1.79 – 1.76 (m, 2H), 1.72 – 1.63 (m, 2H), 1.55 – 1.48 (m, 2H), 1.18 (s, 3H), 

1.10 (s, 3H), 0.84 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 171.0, 166.9, 147.3, 129.7, 128.6, 128.5, 

86.5, 48.6, 48.5, 46.5, 45.6, 41.5, 39.8, 35.4, 33.7, 29.8, 26.9, 26.1, 25.9, 25.9, 24.4, 20.3, 19.5. 

HRMS (ESI): Calculated for C25H36NO3[M+H]: 398.2695, found: 398.2691.

4ai: Yellow solid. Melting point: 132-133 °C.1H 

NMR (500 MHz, CDCl3) δ 7.97 – 7.94 (m, 2H), 7.27 

– 7.25 (m, 3H), 5.42 (s, 1H), 4.88 – 4.82 (m, 1H), 

3.48 – 3.44 (m, 2H), 3.35 – 3.31 (m, 2H), 2.76 – 

2.73 (m, 2H), 2.46 (d, J = 8.3 Hz, 2H), 2.27 – 2.24 

(m, 2H), 2.03 – 1.98 (m, 6H), 1.94 – 1.89 (m, 3H), 1.87 – 1.82 (m, 4H), 1.76 – 1.69 (m, 2H), 1.64 

– 1.42 (m, 8H), 1.29 – 1.23 (m, 2H), 1.22 – 1.20 (m, 1H) 1.19 – 1.17 (m, 1H) 1.17 – 1.09 (m, 3H), 

1.07 (d, J = 3.0 Hz, 3H), 1.05 – 0.96 (m, 3H), 0.93 (dd, J = 6.5, 3.0 Hz, 3H), 0.88 – 0.86 (m, 6H), 

0.69 (d, J = 3.0 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 171.0, 166.0, 147.3, 139.7, 129.7, 128.6, 

128.5, 122.7, 74.4, 56.7, 56.2, 50.1, 46.5, 45.6, 42.3, 39.8, 39.5, 38.3, 37.1, 36.7, 36.2, 35.8, 35.4, 

33.7, 32.0, 31.9, 28.3, 28.0, 27.9, 26.1, 25.9, 24.4, 24.3, 23.8, 22.8, 22.6, 21.1, 19.4, 18.7, 11.9. 

HRMS (ESI): Calculated for C42H64NO3 [M+H]: 630.4886, found: 630.4890. 

N

O

O

O
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CH3H3C

CH3
CH3

CH3

O
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H3CO OCH3

N

O



S18

5aa (CAS:3389-56-8): 1H NMR (500 MHz, CDCl3) δ 3.46 (t, J = 6.9 Hz, 

2H), 3.41 (t, J = 6.8 Hz, 2H), 2.25 (t, J = 7.7 Hz, 2H), 1.95 (p, J = 6.6 Hz, 

1H), 1.85 (p, J = 6.6 Hz, 1H), 1.69 – 1.62 (m, 2H), 1.35 – 1.31 (m, 4H), 0.92 – 0.88 (m, 3H). 13C 

NMR (126 MHz, CDCl3) δ 171.9, 46.6, 45.6, 34.8, 31.7, 26.1, 24.7, 24.4, 22.5, 14.0.

6aa (CAS:20308-70-7): 1H NMR (500 MHz, CDCl3) δ3.47 (t, J 

= 6.9 Hz, 2H), 3.42 (t, J = 6.8 Hz, 2H), 2.26 (t, J = 7.7 Hz, 2H), 

1.98 – 1.92 (m, 2H), δ 1.85 (p, J = 6.8 Hz, 1H), 1.68 – 1.62 (m, 

2H), 1.31 – 1.27 (m, 10H), 0.89 (t, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 171.9, 46.6, 

45.6, 34.9, 31.9, 29.6, 29.6, 29.5, 29.5, 

29.3, 26.2, 25.0, 24.4, 22.7, 14.1.

7aa: White solid. Melting point: 46-47 

°C.1H NMR (500 MHz, CDCl3) δ 3.46 (t, J = 6.9 Hz, 2H), 3.41 (t, J = 6.8 Hz, 2H), 2.25 (t, J = 7.6 Hz, 

2H), 1.95 (q, J = 6.6 Hz, 2H), 1.85 (q, J = 6.6 Hz, 2H), 1.66 – 1.63 m, 2H), 1.26 (s, 28H), 0.88 (t, J 

= 6.6 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 171.9, 46.6, 45.6, 34.9, 31.9, 29.7, 29.7, 29.6, 29.5, 

29.4, 26.2, 25.0, 24.4, 22.7, 14.1. HRMS (ESI): Calculated for C22H44NO [M+H]: 338.3423, 

found: 338.3424. 

8aa: (CAS:70974-44-6): 1H NMR (500 MHz, CDCl3) 3.46 (t, J 

= 6.9 Hz, 2H), 3.41 (t, J = 6.8 Hz, 2H), 2.25 (t, J = 7.6 Hz, 2H), 

1.95 (p, J = 6.8 Hz, 2H), 1.84 (p, J = 6.8 Hz, 2H), 1.67 – 1.61 (m, 2H), 1.32 – 1.21 (m, 14H), 0.88 

(t, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 171.9, 46.6, 45.6, 34.9, 31.9, 29.6, 29.6, 29.5, 

29.5, 29.3, 26.2, 25.0, 24.4, 22.7, 14.1.

3aa-d2: 1H NMR (500 MHz, CDCl3) δ 7.29 – 7.24 (m, 2H), 7.19 – 

7.15 (m, 3H), 3.45 (t, J = 6.9 Hz, 2H), 3.37 (t, J = 6.8 Hz, 2H), 2.65 – 

2.61 (m, 1.46H + 0.54D), 2.28 – 2.26 (m, 1.95H + 0.05D), 1.96 – 1.89 (m, 1H), 1.87 – 1.80 (m, 

1H), 1.77 – 1.59 (m, 1.92H + 0.08D).
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6. Gram-scale preparation

OH + HN NaOtBu (0.5 equiv.)
toluene [0.1 M]
110 °C, 36 h

Ru(cod)Cl2 (5 mol%)
ICyHCl (6 mol%)

N

O

8a
(1.0 equiv.)

1b
(1.0 equiv.)

A flame–dried 150 mL cylindrical pressure vessel was charged with 10-Undecen-1-ol 8a 

(6.8 mmol, 1.0 equiv.) and Pyrrolidine 1b (6.8 mmol, 1.0 equiv), Ru(cod)Cl2 (95.1 mg, 0.34 

mmol, 5 mol%), ICy·HCl (110.2 mg, 0.41mmol, 6 mol%), NaOtBu (326.7 mg, 3.4 mmol, 0.5 

equiv.) and 34 mL dry toluene in a nitrogen-filled glovebox. Then the cylindrical pressure 

vessel was tightly sealed, transferred out of the glovebox and stirred at 110 °C for 36 h. After 

the completion of reaction, the solvent was removed in vacuo and the residue was purified by 

flash column chromatography on silica gel to give the desired amide products with 84% 

isolated yield (1.37 g).
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7. Mechanism studies

N

O
0.54 D 0.08 D

H
N+

Ru(cod)Cl2
ICyHCl ( 6 mol )

NaOtBu (50 mol )
toluene,110°C, 24 h

1.0 equiv.

OH

D D

Yield: 85 %

0.05 D

1.0 equiv.
(0.2 mmol)

In order to determine the source and transfer route of hydrogen during the reaction, an 

isotopic labeling experiment was carried out. When deuterated alkenyl 1a-d2 reacted with 

pyrrolidine 2a under standard reaction conditions, the corresponding amide product 3aa-d2 

was obtained in 85% yield. 1H NMR analysis showed that deuterium was scrambling at the 

alkyl chain including α (0.54D), internal β/γ (0.08 D), and terminal δ (0.05 D) position, thus 

indicating that the transfer route of hydrogen during the reaction was a chain-walking 

process.

In addition, hydrogen gas signal was detected by gas chromatography after the end of the 

reaction (Figure S1), suggesting a dehydrogenative process involved in this cross-coupling of 

alcohols and amines.

Figure S1 Hydrogen detection of reaction
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8. 1H NMR, 13C NMR, and 19F NMR spectra
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