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1. General information

1H NMR spectra were recorded on a Bruker DPX 400 MHz or Bruker Ascend 600 MHz 

spectrometer in CDCl3. Chemical shifts were reported in ppm with the internal TMS signal at 

0.0 ppm as a standard. The spectra are interpreted as: s = singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet, dd = doublet of doublets, td = triplet of doublets, dt = doublet of triplets, 

ddd = doublet of doublet of doublets, ddt = doublet of doublet of triplets, dtd = doublet of triplet 

of doublets, brs = broad singlet, coupling constant (s) J are reported in Hz and relative 

integrations are reported. 13C NMR spectra were recorded on a Bruker DPX 400 MHz or Bruker 

Ascend 600 MHz spectrometer in CDCl3. Chemical shifts were reported in ppm with the 

internal chloroform signal at 77.16 ppm as a standard. 19F NMR spectra were recorded on a 

Bruker Ascend 600 MHz spectrometer in CDCl3 and referenced relative to CFCl3. Enantiomeric 

excesses were determined by analysis of HPLC traces, obtained by using Chiralpak IC column 

with n-hexane and i-propanol as solvents. (Chiralpak IC column was purchased from Daicel. 

n-hexane and i-propanol were purchased from Energy.) Melting points were obtained in open 

capillary tubes using SGW X-4 micro melting point apparatus which were uncorrected. High-

resolution mass spectra (HRMS) were recorded on a Waters GCT Premier mass spectrometer 

using EI-TOF (electron ionization-time of flight) or on a JEOC AccuTOF LC-plus 4G mass 

spectrometer using ESI (electrospray ionization). Commercially available materials were used 

as received. Anhydrous CH2Cl2 was distilled from calcium hydride, anhydrous THF and 

toluene was distilled from sodium/benzophenone. α,β-Unsaturated imines 11 and 

trimethylenemethane（TMM）donors 22 were prepared according to the literature procedure.
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2. General procedure for the synthesis of products 3

+
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General procedure A: To a flame-dried and N2-purged Schlenk tube was added ligand 

L5 (10.8 mg, 0.022 mmol, 11 mol%), and Pd2(dba)3 (9.2 mg, 0.01 mmol, 5 mol%) and 

anhydrous 2-MeTHF (2.0 mL). The resulting solution was stirred for 0.5 h at room temperature. 

Then the reaction tube was moved to 0 ℃. After 5 minutes, α,β-unsaturated imine 1 (0.2 mmol, 

1.0 equiv) and trimethylenemethane（TMM）donor 2 ( 0.3 mmol, 1.5 equiv) was added 

sequentially. The resulting solution was stirred vigorously at 0 ℃. Once starting material was 

consumed (monitored by TLC), the mixture was concentrated and purified by column 

chromatography (PE/EA/DCM = 6:1:1) to give the corresponding product 3.

N

CN

Ts
Ph

MeO2C

Methyl (R)-5-cyano-6-methylene-2-phenyl-1-tosyl-4,5,6,7-tetrahydro-1H-azepine-3-

carboxylate (3a): Following the general procedure A, compound 3a was obtained as a white 

solid in 90% yield (79.0 mg) and 96% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM = 6/1/1, 

v/v/v); m.p.: 117-119 °C; 1H NMR (600 MHz, CDCl3) δ 7.35–7.28 (m, 1H), 7.25–7.16 

(m, 4H), 7.14–7.00 (m, 4H), 5.45 (s, 1H), 5.42 (s, 1H), 4.54–4.27 (m, 2H), 3.62–

3.49 (m, 1H), 3.42 (s, 3H), 2.99–2.94 (m, 1H), 2.88 (dd, J = 14.4, 8.9 Hz, 1H), 

2.38 (s, 3H), 13C NMR (150 MHz, CDCl3) δ 168.5, 150.1, 144.0, 137.6, 137.2, 136.1, 

129.5(3C), 129.0(2C), 127.9(2C), 127.2(2C), 125.7, 119.2, 118.5, 55.2, 52.1, 33.2, 32.6, 21.6; 

HRMS (ESI-TOF) calcd for C23H23N2O4S [M+H]+: 423.1300, found: 423.1302. [α]D
20 = -117.8 

(c = 0.2, CH2Cl2); HPLC (Chiralpak IC-H, n-hexane/i-propanol = 80/20, flow rate = 1.0 

mL/min, λ = 254 nm) tR= 32.692 min (major), 38.709 min (minor).

N

CN

Ts

MeO2C

Me

Methyl (R)-5-cyano-6-methylene-2-(p-tolyl)-1-tosyl-4,5,6,7-tetrahydro-1H-azepine-

3-carboxylate (3b), Following the general procedure A, compound 3b was obtained as a white 

solid in 84% yield (73.3 mg) and 96% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM = 6/1/1, 

v/v/v); m.p.:121-123 °C; 1H NMR (400 MHz, CDCl3) δ 7.27 (d, J = 8.1 Hz, 2H), 7.12 (d, J = 

8.0 Hz, 2H), 7.00 (s, 4H), 5.45 (s, 1H), 5.43 (s, 1H), 4.53 – 4.28 (m, 2H), 3.55 – 3.49 (m, 1H), 
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3.47 (s, 3H), 2.94 (dd, J = 14.5, 3.3 Hz, 1H), 2.85 (dd, J = 14.6, 8.6 Hz, 1H), 2.41 (s, 3H), 2.36 

(s, 3H).; 13C NMR (150 MHz, CDCl3) δ 168.6, 150.4, 143.9, 139.7, 137.6, 137.3, 133.2, 

129.4(2C), 128.9(2C), 128.6(2C), 127.2(2C), 124.9, 119.2, 118.6, 55.2, 52.1, 33.2, 32.6, 21.6, 

21.5; HRMS (ESI-TOF) calcd for C24H25N2O4S [M+H]+: 437.1530, found: 437.1528. [α]D
20 = 

-101.0 (c = 0.2, CH2Cl2); HPLC (Chiralpak IC-H, n-hexane/i-propanol = 80/20, flow rate = 1.0 

mL/min, λ = 254 nm) tR= 36.215 min (major), 41.963 min (minor).

N

CN

Ts

MeO2C

Me

Methyl (R)-5-cyano-6-methylene-2-(m-tolyl)-1-tosyl-4,5,6,7-tetrahydro-1H-
azepine-3-carboxylate (3c): Following the general procedure A, compound 3c was obtained 

as a white solid in 82% yield (71.6 mg) and 97% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM 

= 6/1/1, v/v/v); m.p.: 138-140 °C; 1H NMR (400 MHz, CDCl3) δ 7.18 (d, J = 8.0 Hz, 2H), 7.12 

– 7.04 (m, 4H), 6.94 (d, J = 6.5 Hz, 1H), 6.72 (s, 1H), 5.44 (s, 1H), 5.42 (s, 1H), 4.46 – 4.31 

(m, 2H), 3.59 – 3.52 (m, 1H), 3.42 (s, 3H), 3.00 (dd, J = 14.5, 3.3 Hz, 1H), 2.91 (dd, J = 14.6, 

8.5 Hz, 1H), 2.36 (s, 3H), 2.13 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 168.6, 150.3, 143.8, 

137.8, 137.4, 137.3, 135.5, 130.3, 129.4, 129.3 (2C), 127.8, 127.1(2C), 126.6, 125.4, 119.0, 

118.6, 55.3, 52.1, 33.2, 32.7, 21.6, 21.2.; HRMS (ESI-TOF) calcd for C24H25N2O4S [M+H]+: 

437.1530, found: 437.1528. [α]D
20 = -88.7 (c = 0.4, CH2Cl2); HPLC (Chiralpak IC-H, n-

hexane/i-propanol = 80/20, flow rate = 1.0 mL/min, λ = 254 nm) tR= 30.568 min (major), 36.801 

min (minor). 

N

CN

Ts

MeO2C

MeO

Methyl (R)-5-cyano-2-(4-methoxyphenyl)-6-methylene-1-tosyl-4,5,6,7-tetrahydro-

1H-azepine-3-carboxylate (3d): Following the general procedure A, compound 3d was 

obtained as a white solid in 88% yield (79.6 mg) and 95% ee; Rf = 0.2 (petroleum 

ether/EtOAc/DCM = 6/1/1, v/v/v); m.p.: 172-173 °C; 1H NMR (400 MHz, CDCl3) δ 7.28 – 

7.23 (m, 2H), 7.14 – 7.09 (m, 2H), 7.04 – 6.99 (m, 2H), 6.72 – 6.65 (m, 2H), 5.42 (d, J = 1.2 

Hz, 1H), 5.41 (s, 1H), 4.48 – 4.28 (m, 2H), 3.79 (s, 3H), 3.51 – 3.48 (m, 1H), 3.46 (s, 3H), 2.90 

(dd, J = 14.4, 3.3 Hz, 1H), 2.87 – 2.77 (m, 1H), 2.38 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 

168.8, 160.8, 150.3, 143.9, 137.6, 137.4, 130.6(2C), 129.5(2C), 128.4, 127.2(2C), 124.0, 119.1, 

118.6, 113.3(2C), 77.4, 77.2, 76.9, 55.4, 55.2, 52.1, 33.2, 32.6, 21.6; HRMS (ESI-TOF) calcd 

for C24H25N2O5S [M+H]+: 453.1479, found: 453.1483. [α]D
20 = -74.1 (c = 0.4, CH2Cl2); HPLC 
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(Chiralpak IC-H, n-hexane/i-propanol = 70/30, flow rate = 1.0 mL/min, λ = 254 nm) tR= 26.064 

min (major), 31.149 min (minor).

N

CN

Ts

MeO2C

t-Bu

Methyl (R)-2-(4-(tert-butyl)phenyl)-5-cyano-6-methylene-1-tosyl-4,5,6,7-tetrahydro-

1H-azepine-3-carboxylate (3e): Following the general procedure A, compound 3e was 

obtained as a white solid in 73% yield (69.8 mg) and 97% ee; Rf = 0.4 (petroleum 

ether/EtOAc/DCM = 6/1/1, v/v/v); m.p.: 119-120 °C; 1H NMR (600 MHz, CDCl3) δ 7.18 – 

7.15 (m, 2H), 7.14 – 7.12 (m, 2H), 7.04 (d, J = 8.0 Hz, 2H), 6.97 – 6.94 (m, 2H), 5.44 (d, J = 

1.2 Hz, 1H), 5.42 (s, 1H), 4.48 – 4.31 (m, 2H), 3.56 (dd, J = 8.6, 4.6 Hz, 1H), 3.43 (s, 3H), 3.02 

(dd, J = 14.4, 3.3 Hz, 1H), 2.94 (dd, J = 14.4, 8.6 Hz, 1H), 2.35 (s, 3H), 1.29 (s, 9H).; 13C NMR 

(150 MHz, CDCl3) δ 168.4, 152.6, 150.1, 143.5, 137.8, 137.4, 132.5, 129.3(2C), 128.7(2C), 

127.1(2C), 125.2, 124.6(2C), 119.0, 118.5, 55.2, 52.0, 34.7, 33.2, 32.6, 31.3(3C), 21.5; HRMS 

(ESI-TOF) calcd for C27H31N2O4S [M+H]+: 479.1999, found: 479.2004. [α]D
20 = -37.5 (c = 0.6, 

CH2Cl2); HPLC (Chiralpak IC-H, n-hexane/i-propanol = 80/20, flow rate = 1.0 mL/min, λ = 

254 nm) tR= 31.497 min (major), 35.586 min (minor).

N

CN

Ts

MeO2C

Me

Me

Methyl (R)-5-cyano-2-(3,5-dimethoxyphenyl)-6-methylene-1-tosyl-4,5,6,7-

tetrahydro-1H-azepine-3-carboxylate (3f): Following the general procedure A, compound 3f 

was obtained as a white solid in 83% yield (74.7 mg) and 97% ee; Rf = 0.4 (petroleum 

ether/EtOAc/DCM = 6/1/1, v/v/v); m.p.: 119-120 °C; 1H NMR (400 MHz, CDCl3) δ 7.22 (d, J 

= 8.3 Hz, 2H), 7.10 (d, J = 8.1 Hz, 2H), 6.91 (s, 1H), 6.64 (s, 2H), 5.46 (d, J = 9.0 Hz, 2H), 

4.42 (s, 2H), 3.58 (d, J = 6.3 Hz, 1H), 3.47 (s, 3H), 3.10 – 2.89 (m, 2H), 2.40 (s, 3H), 2.17 (s, 

6H). 13C NMR (150 MHz, CDCl3) δ 168.7, 150.4, 143.6, 137.3, 137.2, 135.1, 131.2, 129.2, 

127.1(2C), 126.8(2C), 124.0, 123.8, 118.8, 118.5, 55.3, 52.0, 33.2, 32.7, 21.5, 21.0; HRMS 

(ESI-TOF) calcd for C25H27N2O4S [M+H]+:451.1686, found: 451.1697. [α]D
20 = -73.5 (c = 0.3, 

CH2Cl2); HPLC (Chiralpak IC-H, n-hexane/i-propanol = 80/20, flow rate = 1.0 mL/min, λ = 

254 nm) tR= 25.230 min (major), 29.476 min (minor).
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N

CN

Ts

MeO2C

F

Methyl (R)-5-cyano-2-(4-fluorophenyl)-6-methylene-1-tosyl-4,5,6,7-tetrahydro-1H-

azepine-3-carboxylate (3g): Following the general procedure A, compound 3g was obtained 

as a white solid in 70% yield (68.4 mg) and 95% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM = 

6/1/1, v/v/v); m.p.: 108-110 °C; 1H NMR (600 MHz, CDCl3) δ 7.28 – 7.25 (m, 2H), 7.18 – 7.14 

(m, 2H), 7.11 – 7.08 (m, 2H), 6.93 – 6.85 (m, 2H), 5.46 (d, J = 1.2 Hz, 1H), 5.44 (s, 1H), 4.45 

– 4.37 (m, 2H), 3.57 – 3.52 (m, 1H), 3.48 (s, 3H), 2.95 (dd, J = 14.4, 3.4 Hz, 1H), 2.89 (dd, J = 

14.5, 8.7 Hz, 1H), 2.41 (s, 3H); 13C NMR (150 MHz, CDCl3) δ 168.3, 163.4 (d, JC-F = 250.3 

Hz), 149.2, 144.3, 137.4, 137.2, 132.2 (d, JC-F = 3.3 Hz), 131.0 (d, JC-F = 8.6 Hz), 129.8, 129.6, 

127.1, 126.5, 125.6, 119.5, 118.5, 115.0 (d, JC-F = 22.0 Hz), 55.1, 52.3, 33.1, 32.5, 21.6; 19F 

NMR(565 MHz, CDCl3) δ -110.66. HRMS (ESI-TOF) calcd for C24H22FN2O4S [M+H]+: 

441.1279, found: 441.1283. [α]D
20 = -40.0 (c = 0.1, CH2Cl2); HPLC (Chiralpak IC-H, n-

hexane/i-propanol = 80/20, flow rate = 1.0 mL/min, λ = 254 nm) tR= 29.526 min (major), 32.782 

min (minor).

N

CN

Ts

MeO2C

Cl

Methyl (R)-2-(4-chlorophenyl)-5-cyano-6-methylene-1-tosyl-4,5,6,7-tetrahydro-1H-

azepine-3-carboxylate (3h). Following the general procedure A, compound 3h was obtained 

as a colorless oil in 68% yield (62.0 mg) and 89% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM 

= 6/1/1, v/v/v); 1H NMR (400 MHz, CDCl3) δ 7.29 – 7.25 (m, 2H), 7.19 – 7.12 (m, 4H), 7.07 

– 7.01 (m, 2H), 5.51 – 5.40 (m, 2H), 4.42 (s, 2H), 3.55 (dd, J = 8.3, 3.6 Hz, 1H), 3.49 (s, 3H), 

3.03 – 2.83 (m, 2H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 168.1, 149.1, 144.3, 137.4, 

137.2, 135.7, 134.6, 130.4(2C), 129.6(2C), 128.2(2C), 127.1(2C), 126.0, 119.5, 118.4, 55.2, 

52.4, 33.1, 32.5, 21.7. HRMS (ESI-TOF) calcd for C23H22ClN2O4S [M+H]+: 457.0983, found: 

457.0991; [α]D
20 = -153.7 (c = 0.1, CH2Cl2); HPLC (Chiralpak IA, n-hexane/i-propanol = 85/15, 

flow rate = 0.7 mL/min, λ = 254 nm) tR=21.618 min (major), 24.773 min (minor).

N

CN

Ts

MeO2C

Br

Methyl (R)-2-(4-bromophenyl)-5-cyano-6-methylene-1-tosyl-4,5,6,7-tetrahydro-1H-

azepine-3-carboxylate (3i): Following the general procedure A, compound 3i was obtained as 

a white solid in 46% yield (46.0 mg) and 90% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM = 
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6/1/1, v/v/v); m.p.: 154-155 °C; 1H NMR (600 MHz, CDCl3) δ 7.30 – 7.25 (m, 2H), 7.24 – 7.20 

(m, 2H), 7.12 (d, J = 8.4 Hz, 2H), 6.94 – 6.91 (m, 2H), 5.43 (s, 1H), 5.41 (s, 1H), 4.38 (s, 2H), 

3.57 – 3.50 (m, 1H), 3.46 (s, 3H), 2.93 (dd, J = 14.4, 3.4 Hz, 1H), 2.87 (dd, J = 14.5, 8.6 Hz, 

1H), 2.39 (s, 3H); 13C NMR (150 MHz, CDCl3) 167.9, 149.0, 144.2, 137.3, 137.1, 134.9, 

131.0(2C), 130.5 (2C), 129.5(2C), 127.0(2C), 125.9, 123.8, 119.4, 118.4, 55.1, 52.2, 32.9, 32.4, 

21.6; HRMS (ESI-TOF) calcd for C23H22BrN2O4S [M+H]+: 501.0478, found: 501.0483. [α]D
20 

= -94.2 (c = 0.1, CH2Cl2); HPLC (Chiralpak IC-H, n-hexane/i-propanol = 80/20, flow rate = 

1.0 mL/min, λ = 254 nm) tR= 26.563 min (major), 30.749 min (minor).

N

CN

Ts

MeO2C

Methyl (R)-5-cyano-6-methylene-2-(naphthalen-2-yl)-1-tosyl-4,5,6,7-tetrahydro-1H-

azepine-3-carboxylate (3j): Following the general procedure A, compound 3j was obtained as 

a yellow solid in 71% yield (76.5 mg) and 91% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM = 

6/1/1, v/v/v); m.p.: 134-137 °C; 1H NMR (600 MHz, CDCl3) δ 7.81 (d, J = 8.1 Hz, 1H), 7.67 

(d, J = 8.5 Hz, 1H), 7.58 (d, J = 8.1 Hz, 1H), 7.52 (m, 1H), 7.47 (d, J = 7.2 Hz, 1H), 7.44 (s, 

1H), 7.25 – 7.20 (m, 1H), 7.13 (d, J = 8.2 Hz, 2H), 6.84 (d, J = 8.1 Hz, 2H), 5.51 (s, 1H), 5.50 

(s, 1H), 4.54 (s, 2H), 3.67 - 3.58 (m, 1H), 3.41 (s, 3H), 3.14 – 2.98 (m, 2H), 2.23 (s, 3H); 13C 

NMR (150 MHz, CDCl3) δ 168.4, 150.4, 143.8, 137.8, 137.3, 133.5, 132.9, 132.5, 129.2(2C), 

128.7, 128.4, 127.6, 127.4, 127.0, 126.9(2C), 126.5, 126.2, 125.6, 119.1, 118.5, 55.4, 52.1, 

33.2, 32.7, 21.4; HRMS (ESI-TOF) calcd for C27H25N2O4S [M+H]+: 473.1530, found: 

473.1536. [α]D
20 = -102.5 (c = 0.3, CH2Cl2); HPLC (Chiralpak IC-H, n-hexane/i-propanol = 

80/20, flow rate = 1.0 mL/min, λ = 254 nm) tR= 27.384 min (major), 28.818 min (minor).

N

CN

Ts

MeO2C

O

Methyl (R)-5-cyano-2-(furan-2-yl)-6-methylene-1-tosyl-4,5,6,7-tetrahydro-1H-

azepine-3-carboxylate (3k): Following the general procedure A, compound 3k was obtained 

as a yellow solid in 79% yield (65.1 mg) and 93% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM 

= 6/1/1, v/v/v); m.p.: 93-95 °C; 1H NMR (600 MHz, CDCl3) δ 7.55 (d, J = 8.2 Hz, 2H), 7.34 

(d, J = 1.7 Hz, 1H), 7.30 – 7.27 (m, 2H), 6.55 (d, J = 3.5 Hz, 1H), 6.41 (dd, J = 3.5, 1.7 Hz, 

1H), 5.42 (s, 1H), 5.41 (s, 1H), 4.43 (s, 1H), 4.28 (s, 1H), 3.69 (s, 3H), 3.41 (s, 1H), 2.72 – 2.66 

(m, 1H), 2.62 – 2.50 (m, 1H), 2.45 (s, 3H); 13C NMR (150 MHz, CDCl3) δ 168.1, 148.5, 144.3, 

144.0, 137.8, 137.0, 137.0, 129.7(2C), 127.4(2C), 125.1, 119.5, 118.3, 114.1, 111.7, 54.3, 52.4, 

33.1, 32.3, 21.6; HRMS (ESI-TOF) calcd for C21H21N2O5S [M+H]+: 413.1166, found: 
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413.1173. [α]D
20 = -48.5 (c = 0.6, CH2Cl2); HPLC (Chiralpak IC-H, n-hexane/i-propanol = 

70/30, flow rate = 0.7 mL/min, λ = 254 nm) tR= 27.740 min (major), 31.326 min (minor).

N

CN

Ts

MeO2C

S

Methyl (R)-5-cyano-6-methylene-2-(thiophen-2-yl)-1-tosyl-4,5,6,7-tetrahydro-1H-

azepine-3-carboxylate (3l): Following the general procedure A, compound 3l was obtained as 

a yellow solid in 77% yield (65.9 mg) and 88% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM = 

6/1/1, v/v/v); m.p.: 107-108 °C; 1H NMR (600 MHz, CDCl3) δ 7.40 (d, J = 8.2 Hz, 2H), 7.33 

(dd, J = 5.1, 1.2 Hz, 1H), 7.18 (d, J = 8.0 Hz, 2H), 7.01 (dd, J = 3.7, 1.2 Hz, 1H), 6.90 (dd, J = 

5.0, 3.6 Hz, 1H), 5.44 (s, 1H), 5.42 (s, 1H), 4.41 (br, 1H), 4.29 (br, 1H), 3.56 (s, 3H), 3.48 (s, 

1H), 2.83 (dd, J = 14.4, 3.3 Hz, 1H), 2.73 (br, 1H), 2.40 (s, 3H); 13C NMR (150 MHz, CDCl3) 

δ 168.3, 144.1, 142.0, 138.3, 137.2, 129.9, 129.6(2C), 128.8, 127.2(2C), 126.8, 126.6, 119.5, 

118.3, 54.5, 52.4, 33.0, 32.6, 21.6; HRMS (ESI-TOF) calcd for C21H21N2O4S2 

[M+H]+:429.0937, found: 429.0944. [α]D
20 = -51.6 (c = 0.2, CH2Cl2); HPLC (Chiralpak IC-H, 

n-hexane/i-propanol = 80/20, flow rate = 1.0 mL/min, λ = 254 nm) tR= 31.441 min (major), 

35.151 min (minor).

N

CN

Ts
Ph

EtO2C

Ethyl (R)-5-cyano-6-methylene-2-phenyl-1-tosyl-4,5,6,7-tetrahydro-1H-azepine-3-

carboxylate (3m): Following the general procedure A, compound 3m was obtained as a white 

solid in 88% yield (76.8 mg) and 95% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM = 6/1/1, 

v/v/v); m.p.: 128-129 °C; 1H NMR (600 MHz, CDCl3) δ 7.35 – 7.30 (m, 1H), 7.25 – 7.17 (m, 

4H), 7.14 – 7.09 (m, 4H), 5.47 (d, J = 1.3 Hz, 1H), 5.44 (d, J = 1.0 Hz, 1H), 4.52 – 4.34 (m, 

2H), 3.96 – 3.86 (m, 2H), 3.56 (d, J = 6.7 Hz, 1H), 3.06 – 2.86 (m, 2H), 2.40 (s, 3H), 0.84 (t, J 

= 7.1 Hz, 3H); 13C NMR (150 MHz, CDCl3) δ 168.1, 149.9, 143.9, 137.7, 137.1, 136.2, 

129.5(2C), 129.4, 129.1(2C), 127.8(2C), 127.2(2C), 126.0, 119.0, 118.6, 61.3, 55.2, 33.2, 32.6, 

21.6, 13.5; HRMS (ESI-TOF) calcd for C24H25N2O4S [M+H]+: 437.1530, found: 437.1535. 

[α]D
20 = -76.1 (c = 0.3, CH2Cl2); HPLC (Chiralpak IC-H, n-hexane/i-propanol = 80/20, flow 

rate = 1.0 mL/min, λ = 254 nm) tR= 33.345 min (major), 37.913 min (minor).

N

CN

Ts
Ph

t-BuO2C
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tert-Butyl (R)-5-cyano-6-methylene-2-phenyl-1-tosyl-4,5,6,7-tetrahydro-1H-azepine-

3-carboxylate (3n): Following the general procedure A, compound 3n was obtained as a white 

solid in 86% yield (79.9 mg) and 96% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM = 6/1/1, 

v/v/v); m.p.: 107-109 °C; 1H NMR (600 MHz, CDCl3) δ 7.31 – 7.27 (m, 1H), 7.20 – 7.14 (m, 

4H), 7.10 – 7.05 (m, 4H), 5.41 (s, 1H), 5.40 (s, 1H), 4.45 – 4.21 (m, 2H), 3.62 – 3.44 (m, 1H), 

3.02 – 2.76 (m, 2H), 2.36 (s, 3H), 1.09 (s, 9H); 13C NMR (150 MHz, CDCl3) δ 167.1, 148.8, 

143.7, 138.0, 137.3, 136.5, 129.4(2C), 129.3(2C), 129.1, 127.8(2C), 127.7, 127.1(2C), 118.9, 

118.6, 81.9, 55.1, 33.2, 32.6, 27.4(3C), 21.6; HRMS (ESI-TOF) calcd for C26H29N2O4S 

[M+H]+: 465.1843, found: 465.1840. [α]D
20 = -138.2 (c = 0.7, CH2Cl2); HPLC (Chiralpak IC-

H, n-hexane/i-propanol = 80/20, flow rate = 1.0 mL/min, λ = 254 nm) tR= 20.162 min (major), 

26.798 min (minor).

N

CN

Ts
Ph

PhO2C

Phenyl (R)-5-cyano-6-methylene-2-phenyl-1-tosyl-4,5,6,7-tetrahydro-1H-azepine-3-

carboxylate (3o): Following the general procedure A, compound 3o was obtained as a white 

solid in 68% yield (65.9 mg) and 93% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM = 6/1/1, 

v/v/v); m.p.: 126-128 °C; 1H NMR (600 MHz, CDCl3) δ7.40 – 7.36 (m, 1H), 7.28 – 7.22 (m, 

8H), 7.17 – 7.11 (m, 3H), 6.70 – 6.64 (m, 2H), 5.50 (d, J = 1.2 Hz, 1H), 5.49 (s, 1H), 4.55 (d, 

J = 14.7 Hz, 1H), 4.45 (d, J = 14.7 Hz, 1H), 3.67 (dd, J = 7.1, 3.5 Hz, 1H), 3.17 – 3.02 (m, 2H), 

2.41 (s, 3H); 13C NMR (150 MHz, CDCl3) δ 166.8, 151.6, 150.3, 144.1, 137.5, 137.2, 136.1, 

129.9, 129.6(2C), 129.5(2C), 129.3(2C), 128.2(2C), 127.2(2C), 126.0, 124.9, 121.1(2C), 119.7, 

118.5, 55.2, 33.3, 33.0, 21.6; HRMS (ESI-TOF) calcd for C28H25N2O4S [M+H]+: 485.1530, 

found: 485.1533. [α]D
20 = -66.7 (c = 0.3, CH2Cl2); HPLC (Chiralpak IC-H, n-hexane/i-propanol 

= 80/20, flow rate = 1.0 mL/min, λ = 254 nm) tR= 35.724 min (major), 40.839 min (minor).

N

CN

Ms
Ph

MeO2C

Methyl (R)-5-cyano-6-methylene-1-(methylsulfonyl)-2-phenyl-4,5,6,7-tetrahydro-1H-

azepine-3-carboxylate (3p): Following the general procedure A, compound 3p was obtained as 

a white solid in 40% yield (27.7 mg) and 93% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM = 

6/1/1, v/v/v); m.p.: 83-85 °C; 1H NMR (600 MHz, CDCl3) δ 7.41 – 7.38 (m, 3H), 7.32 – 7.29 (m, 

2H), 5.48 (s, 1H), 5.40 (s, 1H), 4.42 – 4.30 (m, 2H), 3.71 – 3.63 (m, 1H), 3.46 (s, 3H), 3.20 – 3.16 

(m, 1H), 3.16 – 3.12 (m, 1H), 2.49 (s, 3H); 13C NMR (150 MHz, CDCl3) δ 167.9, 149.8, 137.9, 

136.0, 129.9, 128.9(2C), 128.3(2C), 126.2, 118.9, 118.4, 54.8, 52.1, 41.8, 33.3, 32.8; HRMS (ESI-
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TOF) calcd for C17H19N2O4S [M+H]+: 347.1060, found: 347.1062. [α]D
20 = -77.0 (c = 0.1, CH2Cl2); 

HPLC (Chiralpak IC-H, n-hexane/i-propanol = 80/20, flow rate = 1.0 mL/min, λ = 254 nm) 

tR=28.455 min (major), 30.833 min (minor).

N
Ts

Ph

MeO2C

Ph
O

Methyl (R)-5-benzoyl-6-methylene-2-phenyl-1-tosyl-4,5,6,7-tetrahydro-1H-azepine-

3-carboxylate (3q): Following the general procedure A, compound 3q was obtained as a 

yellow solid in 72% yield (77.2 mg) and 87% ee; Rf = 0.4 (petroleum ether/EtOAc/DCM = 

6/1/1, v/v/v); m.p.: 99-100 °C; 1H NMR (400 MHz, CDCl3) δ 8.02 – 7.94 (m, 2H), 7.61 – 7.56 (m, 

1H), 7.48 (dd, J = 8.3, 7.0 Hz, 2H), 7.30 – 7.27 (m, 3H), 7.24 – 7.18 (m, 2H), 7.16 – 7.12 (m, 4H), 5.29 

(s, 1H), 5.02 (s, 1H), 4.66 – 4.46 (m, 3H), 3.38 (s, 3H), 2.97 – 2.85 (m, 2H), 2.40 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 199.4, 169.0, 146.2, 143.5, 133.4, 129.5, 129.4(2C), 129.2, 129.0(2C), 

128.9, 128.8(2C), 128.7(2C), 128.1, 127.8(2C), 127.5, 127.2(2C), 126.5, 110.9, 51.8, 47.7, 

42.4, 37.4, 21.6; HRMS (ESI-TOF) calcd for C29H28NO5S [M+H]+: 502.1683, found: 

502.1689; [α]D
20 = -30.7 (c = 0.2, CH2Cl2); HPLC (Chiralpak IC-H, n-hexane/i-propanol = 

70/30, flow rate = 0.7 mL/min, λ = 254 nm) tR=12.445 min (major), 18.648 min (minor).

N

N

Ts
Ph

MeO2C Ph

Ph

Methyl (R)-5-((diphenylmethylene)amino)-6-methylene-2-phenyl-1-tosyl-4,5,6,7-

tetrahydro-1H-azepine-3-carboxylate (3r): Following the general procedure A, compound 3r 

was obtained as a yellow solid in 68% yield (72 mg) and 87% ee;, Rf = 0.4 (petroleum 

ether/EtOAc/DCM = 12/1/1, v/v/v and tol:acetone=20:1,v/v); m.p.: 78-81 °C; 1H NMR (600 

MHz, CDCl3) δ 7.56 – 7.53 (m, 2H), 7.49 – 7.44 (m, 3H), 7.39 – 7.36 (m, 2H), 7.36 – 7.30 (m, 2H), 

7.30 – 7.24 (m, 4H), 7.22 (d, J = 7.1 Hz, 2H), 7.14 (dd, J = 7.5, 1.9 Hz, 4H), 5.17 (s, 1H), 4.91 (s, 

1H), 4.69 (br, 1H), 4.40 (br, 1H), 4.08 – 3.98 (m, 1H), 3.35 (s, 3H), 2.68 (dd, J = 13.4, 7.1 Hz, 1H), 

2.44 (dd, J = 13.3, 3.1 Hz, 1H), 2.40 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 167.2, 147.4, 144. 7, 

143.4, 134.0, 137.7, 136.4, 130.2, 129.4(2C), 128.9(3C), 128.6(4C), 128.6, 128.1(3C), 127.8(2C), 

127.6(2C), 127.4(2C), 117.0, 62.1, 54.2, 51.7, 36.3, 21.7. HRMS (ESI-TOF) calcd for C35H33N2O4S 

[M+H]+: 577.2156, found: 577.2157. [α]D
20 = -59.3 (c = 0.4, CH2Cl2); HPLC (Chiralpak IC-H, n-

hexane/i-propanol = 80/20, flow rate = 1.0 mL/min, λ = 254 nm) tR=17.435 min (major), 19.757 

min (minor). 
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N

N

Ts

MeO2C Ph

Ph

O

Methyl (R)-5-((diphenylmethylene)amino)-2-(furan-2-yl)-6-methylene-1-tosyl-

4,5,6,7-tetrahydro-1H-azepine-3-carboxylate (3s): Following the general procedure A, 

compound 3s was obtained as a colorless oil in 53% yield (60 mg) and 84% ee; Rf = 0.4 

(petroleum ether/EtOAc/DCM = 12/1/1, v/v/v); 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.2 Hz, 

2H), 7.58 – 7.52 (m, 2H), 7.49 – 7.43 (m, 3H), 7.43 – 7.33 (m, 2H), 7.27 (dd, J = 16.4, 8.2 Hz, 4H), 7.16 

– 7.06 (m, 2H), 6.56 (dd, J = 3.4, 0.8 Hz, 1H), 6.45 (dd, J = 3.4, 1.9 Hz, 1H), 5.11 (s, 1H), 4.85 (s, 1H), 

4.63 (d, J = 14.0 Hz, 1H), 4.38 (br, 1H), 3.92 (dd, J = 7.3, 2.6 Hz, 1H), 3.56 (s, 3H), 2.48 (dd, J = 13.6, 

7.3 Hz, 1H), 2.42 (s, 3H), 2.15 (dd, J = 13.6, 2.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 169.7, 167.2, 

150.2, 144.5, 143.7, 143.4, 139.4, 137.8, 136.4, 136.0, 130.3, 129.6(2C), 128.6(4C), 128.6, 128.0(2C), 

127.6(2C), 127.6(2C), 127.3, 116.8, 112.5, 111.7, 61.8, 53.5, 51.9, 36.2, 21.7. HRMS (ESI-TOF) 

calcd for C33H31N2O5S [M+H]+: 567.1948, found: 567.1979. [α]D
20 = -113.1 (c = 0.6, CH2Cl2); 

HPLC (Chiralpak IA, n-hexane/i-propanol = 80/20, flow rate = 0.9 mL/min, λ = 254 nm) 

tR=7.970 min (major), 19.937 min (minor). 
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3 Gram-scale preparation of compound 3a

2a (4.5 mmol)1a (3 mmol) 3a, 1.16 g
89% yield, 93% ee

+

Pd2dba3 (5 mol%)
L5 (11 mol%)

2-MeTHF, 0 oC, 2 h
CO2Me

Ph

NTs
NC OBoc

N

CN

Ts
Ph

MeO2C

To a flame-dried and N2-purged round-bottom flask was added ligand L5 (162 mg, 0.33 

mmol, 11 mol%), and Pd2(dba)3 (138 mg, 0.15 mmol, 5 mol%) and anhydrous 2-Me-THF (30.0 

mL). The resulting solution was stirred for 0.5 h at room temperature. Then the reaction tube 

was moved to 0 ℃. After 5 minutes, α,β-unsaturated imine 1a (3 mmol, 1.0 equiv) and 

trimethylenemethane（TMM）donor 2a ( 4.5 mmol, 1.5 equiv) was added sequentially. The 

resulting solution was stirred vigorously at 0 ℃. Once starting material was consumed 

(monitored by TLC), the mixture was concentrated and purified by column chromatography 

(PE/EA/DCM = 6:1:1, v/v/v) to give the desired product 3a as a light yellow solid (1.16 g, 89%, 

93% ee).

4, 80% yield, 88% ee3r, 87% ee

N

N

Ts
Ph

MeO2C

Ph

Ph

N

NH2

Ts
Ph

MeO2C

6 M HCl

MeOH/DCM

To a solution of 3r (27.8 mg, 0.05 mmol, 87% ee) in DCM (1 mL) and MeOH (1 mL) was 

added 6M HCl (20 eq.) at 0 oC, the resulting solution was stirred for 2 h at room temperature. 

Once starting material was consumed (monitored by TLC), the sodium bicarbonate saturated 

solution was added at 0 oC to adjust pH > 8. Then the mixture extracted with EA (3 times). The 

organic phase was concentrated and residue was purified by column chromatography (EA, Rf 

= 0.1) to give the desired product 4 as a yellow oil (16 mg, 80% yield, 88% ee). 1H NMR (400 

MHz, CDCl3) δ 7.32 – 7.24 (m, 3H), 7.22 – 7.17 (m, 2H), 7.15 – 7.08 (m, 4H), 5.21 – 5.14 (m, 

2H), 4.52 (d, J = 13.9 Hz, 1H), 4.26 (d, J = 13.9 Hz, 1H), 3.66 – 3.57 (m, 1H), 3.42 (s, 3H), 

2.68 (dd, J = 14.0, 3.6 Hz, 1H), 2.53 (dd, J = 13.9, 8.1 Hz, 1H), 2.38 (s, 3H), 1.97 (br, 2H). 13C 

NMR (100 MHz, CDCl3) δ 169.6, 147.2, 143.4, 137.4, 136.9, 129.3(2C), 128.9, 128.8(2C), 

127.7(2C), 127.67, 127.2(2C), 115.6, 53.5, 51.9, 51.6, 37.0, 21.5. HRMS (ESI-TOF) calcd for 

C22H24N2O4S [M+H]+: 413.1530, found: 413.1526. [α]D
20 = -100.8 (c = 0.1, CH2Cl2); HPLC 

(Chiralpak IF, n-hexane/i-propanol = 70/30, flow rate = 0.7 mL/min, λ = 254 nm) tR=27.238 

min (major), 35.031 min (minor).
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4 The X-Ray crystal structure

The crystal of enantiopure 3a was obtained through slow vapor diffusion of n-hexane into 

the ethyl acetate solution of 3a. The structure and absolute configuration (R) of 3a were then 

determined by X-ray crystallographic analysis (Figure S1).

Fig S1. The X-ray structure of (R)-3a with thermal ellipsoids at the 30% probability level 
(CCDC 2322002)

Table S1. Crystal data and structure refinement for 2023042501_0m.
Identification code data_2023042501_0m

Empirical formula C23 H22 N2 O4 S

Formula weight 494.04

Temperature 120(2) K

Wavelength 1.54178 Å

Crystal system monoclinic

Space group P 1 21 1

Unit cell dimensions a = 6.4786(6) Å a = 90°.

b = 13.3933(12) Å b = 101.591(3)°.

c = 12.7182(12) Å g = 90°.

Volume 1081.05(17) Å3

Z 2

Density (calculated) 1.298 Mg/m3

Absorption coefficient 1.594 mm-1

F(000) 444
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Crystal size 0.260 x 0.250 x 0.23 mm3

Theta range for data collection 3.547 to 68.492°.

Index ranges -7<=h<=7, -14<=k<=16, -15<=l<=14

Reflections collected 14460

Independent reflections 3873 [R(int) = 0.0337]

Completeness to theta = 67.679° 99.5 % 

Absorption correction multi-scan

Max. and min. transmission 0.7531 and 0.6189

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3873 / 25 / 291

Goodness-of-fit on F2 1.107

Final R indices [I>2sigma(I)] R1 = 0.0295, wR2 = 0.0839

R indices (all data) R1 = 0.0301, wR2 = 0.0849

Extinction coefficient 0.041(6)

Largest diff. peak and hole 0.278 and -0.420 e.Å-3

5 References
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6 1H NMR and 13C NMR spectra

1H NMR of 3a in CDCl3 (600 MHz)
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1H NMR of 3b in CDCl3 (600 MHz)
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1H NMR of 3c in CDCl3 (600 MHz)
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1H NMR of 3d in CDCl3 (600 MHz) 
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1H NMR of 3e in CDCl3 (600 MHz) 
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1H NMR of 3f in CDCl3 (600 MHz) 
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1H NMR of 3g in CDCl3 (600 MHz) 
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19F NMR of 3g in CDCl3 (565 MHz)
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1H NMR of 3h in CDCl3 (400 MHz) 
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1H NMR of 3i in CDCl3 (600 MHz) 
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1H NMR of 3j in CDCl3 (600 MHz) 
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1H NMR of 3k in CDCl3 (600 MHz) 
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1H NMR of 3l in CDCl3 (600 MHz) 
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1H NMR of 3m in CDCl3 (600 MHz) 
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1H NMR of 3n in CDCl3 (600 MHz)
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1H NMR of 3o in CDCl3 (400 MHz) 
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1H NMR of 3p in CDCl3 (600 MHz) 
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1H NMR of 3q in CDCl3 (400 MHz) 
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1H NMR of 3r in CDCl3 (600 MHz) 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1(ppm)

3.
00

1.
00

1.
16

3.
00

1.
00

1.
00

1.
00

1.
00

1.
00

4.
00

2.
00

4.
55

2.
00

2.
00

3.
00

2.
00

2.
37
5

2.
40
4

2.
40
9

2.
42
6

2.
43
1

3.
32
4

3.
99
3

4.
00
2

4.
00
7

4.
88
8

5.
15
0

7.
11
3

7.
11
6

7.
11
8

7.
12
5

7.
12
9

7.
18
6

7.
18
9

7.
20
1

7.
22
4

7.
22
8

7.
23
7

7.
23
9

7.
25
0

7.
25
2

7.
26
0

7.
26
5

7.
28
7

7.
28
9

7.
29
2

7.
30
1

7.
31
4

7.
32
7

7.
34
6

7.
34
9

7.
35
7

7.
36
0

7.
36
3

7.
43
0

7.
43
4

7.
43
6

7.
43
9

7.
44
2

7.
44
8

7.
45
0

7.
51
6

7.
51
8

7.
53
1

13C NMR of 3r in CDCl3 (150 MHz)

-100102030405060708090100110120130140150160170180190
f1(ppm)

21
.6
77

36
.3
29

51
.6
60

54
.2
17

62
.0
58

11
6.
98
7

12
7.
37
2

12
7.
60
2

12
7.
83
4

12
8.
04
7

12
8.
59
6

12
8.
64
0

12
8.
89
3

12
9.
41
8

13
0.
22
7

13
6.
42
0

13
7.
70
4

13
9.
50
1

14
3.
43
2

14
4.
67
2

14
7.
34
7

16
7.
21
6

N

N

Ts
Ph

MeO2C Ph

Ph

N

N

Ts
Ph

MeO2C Ph

Ph



34

1H NMR of 3s in CDCl3 (400 MHz) 
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1H NMR of 4 in CDCl3 (400 MHz)
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7 HPLC chromatograms

HPLC chromatogram of compound 3a (96% ee)
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HPLC chromatogram of compound 3b (96% ee)
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HPLC chromatogram of compound 3c (97% ee)
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HPLC chromatogram of compound 3d (95% ee)
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HPLC chromatogram of compound 3e (97% ee)
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HPLC chromatogram of compound 3f (97% ee)
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HPLC chromatogram of compound 3g (95% ee)
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HPLC chromatogram of compound 3h (89% ee)
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HPLC chromatogram of compound 3i (90% ee)
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HPLC chromatogram of compound 3j (91%ee)
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HPLC chromatogram of compound 3k (93% ee)
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HPLC chromatogram of compound 3l (88% ee)
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HPLC chromatogram of compound 3m (95% ee)
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HPLC chromatogram of compound 3n (96% ee)
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HPLC chromatogram of compound 3o (93% ee)

N

CN

Ts
Ph

PhO2C



51

HPLC chromatogram of compound 3p (93% ee)
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HPLC chromatogram of compound 3q (87% ee)
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HPLC chromatogram of compound 3r (87% ee)
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HPLC chromatogram of compound 3s (84% ee)
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HPLC chromatogram of compound 4 (88% ee)
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