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General Information

Commercial reagents were used as received, unless otherwise stated. 1H and 13C NMR were 

recorded on 400 MHz spectrometer. Chemical shifts are reported in ppm from tetramethylsilane 

with the solvent resonance as the internal standard. The following abbreviations were used to 

designate chemical shift mutiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = 

multiplet. All first-order splitting patterns were assigned on the basis of the appearance of the 

multiplet. Splitting patterns that could not be easily interpreted are designated as multiplet (m). 

Mass spectra were obtained using electrospray ionization (ESI) or electron impact ionization (EI) 

mass spectrometer. In each case, enantiomeric ratio was determined by chiral HPLC analysis on 

Chiralcel column in comparison with authentic racemates. N-Boc aldimines 1a-o were prepared 

according to previously reported procedures.1 

General experimental reaction procedure:

R1

NBoc
HS CO2R2+

4m(5 % mol)

R1

HN
Boc

S CO2R2CH2Cl2, 3Å MS

1 2 3-78 oC, 20 min

To a 10-mL test-tube were sequentially added catalyst (0.005 equiv), CH2Cl2 (2.0 mL), 80mg 3Å 

molecular sieves and the Boc-protected imine 1 (1.0 equiv). The mixture was cooled to -78 oC and 

stirred for 30 min. Alkyl thioglycolate (0.24 mmol) was then added. The reaction mixture was 

stirred at -78 oC and monitored by TLC. Upon completion, the residual was purified by silica gel 

flash chromatography (petroleum ether: ethyl acetate, 5:1) to afford the desired product.

The title compound was prepared according to general procedure to 

get colorless oil (57.9 mg, 93%). [α]25D = -5.4 (c = 1.00, CHCl3 ); 1H 
HN

Boc

S CO2Me

3a



NMR (400 MHz, Chloroform-d) δ 7.41 (d, J = 7.0 Hz, 2H), 7.37 – 7.33 (m, 2H), 7.31 – 7.26 (m, 

1H), 6.14 (d, J = 9.8 Hz, 1H), 5.65 (d, J = 9.8 Hz, 1H), 3.74 (s, 3H), 3.32 (dd, J = 15.9 Hz, 2H), 

1.45 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 171.23, 154.54, 138.58, 128.70, 128.26, 

126.51, 80.30, 59.05, 52.63, 32.79, 28.29. HRMS (ESI) Exact mass calcd for C15H21NO4S 

[M+Na]+ : 334.1089, found 334.1079. Enantiomeric excess was determined by HPLC with an 

OD-H column at 210 nm (2-propanol: hexane = 3:97),1.0 mL/min; tR = 12.4 min (minor), 13.4 

min (major).

The title compound was prepared according to general procedure to 

get yellow oil (68.3 mg, 97%). [α]25D = -3.8 (c = 1.00, CHCl3 ); 1H 

NMR (400 MHz, Chloroform-d) δ 7.21 (d, J = 7.9 Hz, 2H), 7.07 (d, 

J = 7.8 Hz, 2H), 6.02 (d, J = 9.8 Hz, 1H), 5.56 (d, J = 9.9 Hz, 1H), 

3.66 (s, 3H), 3.31 – 3.15 (dd, 2H), 2.25 (s, 3H), 1.36 (s, 9H). 13C NMR (100 MHz, Chloroform-d) 

δ 171.31, 154.55, 138.07, 135.61, 129.44, 126.49, 80.21, 58.88, 52.72, 32.83, 28.35, 21.21.  

HRMS (ESI) Exact mass calcd for C16H23NO4S [M+ Na]+ : 348.1245, found 348.1239. 

Enantiomeric excess was determined by HPLC with an OD-H column at 210 nm (2-propanol: 

hexane = 3:97),1.0mL/min; tR=11.9min(minor), 9.5 min (major).

The title compound was prepared according to general procedure to 

get yellow oil (62.4 mg, 96%). [α]25D = 1.0 (c = 1.00, CHCl3 ); 1H 

NMR (400 MHz, Chloroform-d) δ 7.28 – 7.18 (m, 3H), 7.12 – 7.08 (m, 

1H), 6.09 (d, J = 9.8 Hz, 1H), 5.60 (d, J = 9.8 Hz, 1H), 3.75 (s, 3H), 

3.43 – 3.25 (dd, 2H), 2.35 (s, 3H), 1.45 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 171.24, 

154.54, 138.48, 135.28, 129.06, 128.60, 127.17, 123.48, 80.26, 59.07, 52.62, 32.89, 28.29, 21.42. 

HRMS (ESI) Exact mass calcd for C16H23NO4S [M+Na]+ : 348.1245, found 348.1239. 

Enantiomeric excess was determined by HPLC with an OD-H column at 210 nm (2-propanol: 

hexane = 1:19), 1.0 mL/min; tR = 8.6 min (minor), 7.4 min (major).

The title compound was prepared according to general procedure to 

HN
Boc

S CO2Me

3b

HN
Boc

S CO2Me

3c

HN
Boc

S CO2Me

3dCl



get colorless oil (63.5 mg, 92%). [α]25D = -3.8 (c = 1.00, CHCl3 ); 1H NMR (400 MHz, 

Chloroform-d) δ 7.41 (d, J = 2.1 Hz, 1H), 7.30 – 7.25 (m, 3H), 6.10 (d, J = 9.6 Hz, 1H), 5.77 (d, J 

= 9.6 Hz, 1H), 3.75 (s, 3H), 3.38 – 3.25 (dd, 2H), 1.45 (s, 9H). 13C NMR (100 MHz, Chloroform-d) 

δ 171.17, 154.54, 140.68, 134.57, 129.97, 128.40, 126.75, 124.84, 80.55, 58.35, 52.74, 32.72, 

28.28. HRMS (ESI) Exact mass calcd for C15H20ClNO4S [M+Na]+ : 368.0699, found 368.0696. 

Enantiomeric excess was determined by HPLC with an AD-H column at 210 nm (2-propanol: 

hexane = 1:19), 1.0 mL/min; tR = 11.1 min (minor), 11.8 min (major).

The title compound was prepared according to general procedure to 

get yellow oil (52.6 mg, 91%). [α]25D = -6.6 (c = 1.00, CHCl3 ); 1H 

NMR (400 MHz, Chloroform-d) δ 7.49 (t, J = 1.9 Hz, 1H), 7.34 (dt, J 

= 7.9, 1.4 Hz, 1H), 7.27 (dt, J = 7.9, 1.2 Hz, 1H), 7.14 (t, J = 7.8 Hz, 

1H), 6.01 (d, J = 9.6 Hz, 1H), 5.67 (d, J = 9.7 Hz, 1H), 3.68 (s, 3H), 3.31 – 3.14 (dd, 2H), 1.38 (s, 

9H). 13C NMR (100 MHz, Chloroform-d) δ 171.17, 154.52, 140.89, 131.41, 130.30, 129.68, 

125.32, 122.72, 80.56, 58.27, 52.86, 32.74, 28.33. HRMS (ESI) Exact mass calcd for 

C15H20BrNO4S [M+NH4]+ : 407.0640, found 407.0626. Enantiomeric excess was determined by 

HPLC with an AD-H column at 210 nm (2-propanol: hexane = 1:9),1.0 mL/min; tR = 7.7 min 

(minor), 8.2 min (major).

The title compound was prepared according to general procedure to 

get colorless oil (69.0 mg, 91%). [α]25D = -3.6 (c = 1.00, CHCl3 ); 1H 

NMR (400 MHz, Chloroform-d) δ 7.67 (s, 1H), 7.62 (d, J = 7.8 Hz, 

1H), 7.56 (d, J = 7.8 Hz, 1H), 7.48 (t, J = 7.7 Hz, 1H), 6.17 (d, J = 9.5 

Hz, 1H), 5.77 (d, J = 9.5 Hz, 1H), 3.76 (s, 3H), 3.32 (dd, J = 3.9 Hz, 2H), 1.46 (s, 9H). 13C NMR 

HN
Boc

S CO2Me

3eBr

HN
Boc

S CO2Me

3fCF3



(100 MHz, Chloroform-d) δ 171.13, 154.59, 139.76, 130.89, 130.09, 129.24, 125.11, 123.36, 

122.51, 80.71, 58.45, 52.80, 32.77, 28.26. HRMS (ESI) Exact mass calcd for C16H20F3NO4S [M+ 

Na]+ : 402.0963, found 402.0958. Enantiomeric excess was determined by HPLC with an AD-H 

column at 210 nm (2-propanol: hexane = 3:97), 1.0 mL/min; tR = 10.8 min (minor), 11.9 min 

(major).

The title compound was prepared according to general procedure to 

get colorless oil (64.8 mg, 95%). [α]25D = 3.6 (c = 0.50, CHCl3 ); 1H 

NMR (400 MHz, Chloroform-d) δ 7.22 – 7.14 (m, 1H), 6.95 – 6.89 (m, 

1H), 6.87 (t, J = 2.1 Hz, 1H), 6.75 (dd, J = 8.2, 2.6 Hz, 1H), 6.02 (d, J 

= 9.8 Hz, 1H), 5.64 (d, J = 9.8 Hz, 1H), 3.71 (s, 3H), 3.66 (s, 3H), 3.25 (dd, J = 15.9 Hz, 2H), 1.37 

(s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 171.28, 159.78, 154.57, 140.11, 129.77, 118.77, 

113.84, 112.15, 80.29, 58.97, 55.28, 52.65, 32.80, 28.30.HRMS (ESI) Exact mass calcd for 

C16H23NO5S [M+Na]+ : 364.1195, found 364.1194. Enantiomeric excess was determined by 

HPLC with an AD-H column at 210 nm (2-propanol: hexane = 1:9), 1.0 mL/min; tR = 11.8 min 

(minor), 14.8 min (major).

The title compound was prepared according to general procedure to 

get white solid (57.2 mg, 88%). [α]25D = -13.4 (c = 0.50, CHCl3 ); 1H 

NMR (400 MHz, Chloroform-d) δ 7.29 – 7.25 (m, 1H), 7.16 – 7.04 (m, 

3H), 6.17 (d, J = 9.7 Hz, 1H), 5.65 (d, J = 9.7 Hz, 1H), 3.68 (s, 3H), 

3.37 – 3.14 (dd, 2H), 2.39 (s, 3H), 1.36 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 171.24, 

154.59, 136.82, 135.21, 130.90, 128.22, 126.24, 125.55, 80.22, 55.91, 52.64, 32.94, 28.31, 19.07. 

HRMS (ESI) Exact mass calcd for C16H23NO4S [M+Na]+ : 348.1245, found 348.1242. 

Enantiomeric excess was determined by HPLC with an OD-H column at 210 nm (2-propanol: 

hexane = 1:9), 1.0 mL/min; tR = 7.0 min (minor), 6.4 min (major).

HN
Boc

S CO2Me

3gOMe

HN
Boc

S CO2Me

3h



The title compound was prepared according to general procedure to 

get yellow oil (64.2 mg, 93%). [α]25

D = 7.4 (c = 1.00, CHCl3 ); 1H NMR (400 MHz, Chloroform-d) δ 7.44 

(d, J = 7.4 Hz, 1H), 7.38 (dd, J = 7.3, 1.8 Hz, 1H), 7.26 (qd, J = 7.1, 

2.1 Hz, 2H), 6.39 (d, J = 9.3 Hz, 1H), 5.93 (d, J = 9.4 Hz, 1H), 3.76 (s, 3H), 3.48 – 3.27 (dd, 2H), 

1.44 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 171.24, 154.38, 136.28, 132.44, 130.24, 

129.46, 127.77, 127.05, 80.41, 56.60, 52.75, 33.18, 28.29. HRMS (ESI) Exact mass calcd for 

C15H20ClNO4S [M+Na]+ : 368.0699, found 368.0696. Enantiomeric excess was determined by 

HPLC with an OD-H column at 210 nm (2-propanol: hexane = 1:4), 1.0 mL/min; tR = 6.0 min 

(minor), 5.5 min (major).

The title compound was prepared according to general procedure to 

get white solid (73.1 mg, 94%). [α]25D = 5.8 (c = 1.00, CHCl3 ); 1H 

NMR (400 MHz, Chloroform-d) δ 7.57 (dd, J = 8.0, 1.2 Hz, 1H), 7.43 

(d, J = 7.8 Hz, 1H), 7.32 (td, J = 7.6, 1.2 Hz, 1H), 7.16 (td, J = 7.7, 1.7 

Hz, 1H), 6.35 (d, J = 9.2 Hz, 1H), 5.88 (d, J = 9.2 Hz, 1H), 3.77 (s, 3H), 3.37 (dd, J = 6.3 Hz, 2H), 

1.44 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 171.22, 154.30, 137.94, 133.56, 129.69, 

127.84, 122.65, 80.45, 59.02, 52.75, 33.25, 29.70, 28.29. HRMS (ESI) Exact mass calcd for 

C15H20BrNO4S [M+Na]+ : 412.0194, found 412.0184. Enantiomeric excess was determined by 

HPLC with an OD-H column at 210 nm (2-propanol: hexane = 1:4), 1.0 mL/min; tR = 6.9 min 

(minor), 6.0 min (major).

The title compound was prepared according to general procedure 

HN
Boc

S CO2Me

3i
Cl

HN
Boc

S CO2Me

3j
Br

HN
Boc

S CO2Me

3k
Cl



to get colorless oil (62.1 mg, 90%). [α]25D = 6.0 (c = 0.50, CHCl3 ); 1H NMR (400 MHz, 

Chloroform-d) δ 7.37 – 7.30 (m, 4H), 6.10 (d, J = 9.6 Hz, 1H), 5.71 (d, J = 9.7 Hz, 1H), 3.75 (s, 

3H), 3.37 – 3.20 (dd, 2H), 1.45 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 171.25, 154.52, 

137.18, 134.02, 128.84, 127.96, 80.52, 58.33, 52.75, 32.69, 28.29. HRMS (ESI) Exact mass calcd 

for C15H20ClNO4S [M+Na]+ : 368.0699, found 368.0696. Enantiomeric excess was determined by 

HPLC with an OD-H column at 210 nm (2-propanol: hexane = 3:97), 1.0 mL/min; tR = 10.7 min 

(minor), 9.7 min (major).

The title compound was prepared according to general procedure 

to get colorless oil (66.4 mg, 94%). [α]25D = -2.4 (c = 1.00, 

CHCl3 ); 1H NMR (400 MHz, Chloroform-d) δ 7.44 (d, J = 7.4 

Hz, 1H), 7.38 (dd, J = 7.3, 1.8 Hz, 1H), 7.26 (qd, J = 7.1, 2.1 Hz, 

2H), 6.39 (d, J = 9.3 Hz, 1H), 5.93 (d, J = 9.4 Hz, 1H), 3.76 (s, 3H), 3.44 – 3.27 (dd, 2H), 1.44 (s, 

9H).13C NMR (100 MHz, Chloroform-d) δ 171.29, 154.55, 149.03, 135.94, 126.78, 126.46, 80.22, 

58.95, 52.63, 33.82, 32.89, 28.31, 23.92. HRMS (ESI) Exact mass calcd for C18H27NO4S [M+Na]+ : 

376.1558, found 376.1555. Enantiomeric excess was determined by HPLC with an OD-H column 

at 210 nm (2-propanol: hexane = 3:97), 1.0 mL/min; tR = 9.0 min (minor), 7.7 min (major).

The title compound was prepared according to general procedure to 

get yellow oil (69.3 mg, 96%). [α]25D = -1.2 (c = 1.00, CHCl3 ); 1H 

NMR (400 MHz, Chloroform-d) δ 8.30 (d, J = 8.6 Hz, 1H), 7.84 (d, J 

= 8.1 Hz, 1H), 7.79 (d, J = 8.2 Hz, 1H), 7.57 (t, J = 8.2 Hz, 2H), 7.49 

(t, J = 7.5 Hz, 1H), 7.42 (t, J = 7.7 Hz, 1H), 6.87 (d, J = 9.6 Hz, 1H), 5.95 (d, J = 9.6 Hz, 1H), 3.75 

(s, 3H), 3.35 (dd, J = 16.2 Hz, 2H), 1.45 (s, 9H). 13C NMR (100 MHz, Chloroform-d) δ 171.36, 

154.69, 134.18, 133.93, 129.80, 129.22, 128.82, 126.66, 126.10, 125.02, 124.05, 123.48, 80.39, 

HN
Boc

S CO2Me

3l

HN
Boc

S CO2Me

3m



55.91, 52.73, 33.06, 28.34. HRMS (ESI) Exact mass calcd for C19H23NO4S [M+Na]+ : 384.1245, 

found 384.1242. Enantiomeric excess was determined by HPLC with an OD-H column at 210 nm 

(2-propanol: hexane = 3:97), 1.0 mL/min; tR = 15.3 min (minor), 18.4 min (major).

The title compound was prepared according to general procedure to get 

colorless oil (68.2 mg, 98%). [α]25D = -1.2 (c = 1.00, CHCl3 ); 1H 

NMR (400 MHz, Chloroform-d) δ 7.37 – 7.29 (m, 2H), 7.24 – 7.15 (m, 

2H), 6.11 (d, J = 9.8 Hz, 1H), 5.61 (d, J = 9.9 Hz, 1H), 3.74 (s, 3H), 

3.42 – 3.22 (dd, 2H), 2.95 – 2.81 (m, 1H), 1.44 (s, 9H), 1.23 (d, J = 6.9 Hz, 6H). 13C NMR (100 

MHz, Chloroform-d) δ 170.82, 154.57, 138.61, 128.68, 128.21, 126.54, 80.24, 61.69, 58.92, 32.93, 

28.31, 14.14. HRMS (ESI) Exact mass calcd for C16H23NO4S [M+Na]+ : 348.1245 found 

348.1240. Enantiomeric excess was determined by HPLC with an OD-H column at 210 nm (2-

propanol: hexane = 3:97), 1.0 mL/min; tR = 19.7 min (minor), 18.6 min (major).

The title compound was prepared according to general procedure to get 

colorless oil (51.5 mg, 93%). [α]25D = -22.0 (c = 1.00, CHCl3 ); 1H NMR 

(400 MHz, Chloroform-d) δ 4.88 (s, 2H), 3.74 (s, 3H), 3.53 – 3.21 (dd, 

2H), 1.98 (s, 1H), 1.45 (s, 9H), 1.00 (d, J = 6.7 Hz, 6H). 13C NMR (100 

MHz, Chloroform-d) δ 171.01, 155.27, 79.85, 63.02, 52.46, 33.72, 32.47, 28.24, 19.30, 18.27. 

HRMS (ESI) Exact mass calcd for C12H23NO4S [M+Na]+ : 300.1240, found 300.1245. 

Enantiomeric excess was determined by HPLC with an AD-H column at 210 nm (2-propanol: 

hexane = 1:19), 1.0 mL/min; tR = 7.9 min (minor), 8.9 min (major).

Cyclization of compound 3a into compound 5.2

HN
Boc

S CO2Et

3n

HN
Boc

S CO2Me

3o



Ph

HN
Boc

S CO2Me

3a

Al
H

toluene
-70oC,2h

S

N
Boc

OH

5
yield=76%
dr=4:1
ee=88%(85%)

To the solution of the compound 3a (622 mg) in dry toluene (12 ml), diisobutylaluminum hydride 

(1.01 N toluene solution; 2 ml) was slowly added at -70 °C. The mixture was stirred for 2 hours. A 

saturated aqueous solution of sodium sulfate was added to the reaction mixture, and then the 

mixture was filtrated at room temperature. The filtrate was concentrated in vacuo, the residue was 

purified by flash column chromatography (silica gel, ethyl acetate/petroleum ether 1:5) to give 5 

(828mg, 76% yield, 88% ee) as a colorless oil.

 The title compound was prepared according to general procedure to get 

olorless oil (828 mg, 76%). [α]25D = -186.0 (c = 1.00, CHCl3 ); 1H NMR 

(400 MHz, Chloroform-d) δ 7.44 (dd, J = 7.2, 1.9 Hz, 2H), 7.32 (dd, J = 

8.2, 6.4 Hz, 2H), 7.28 – 7.25 (m, 1H), 5.93 (d, J = 59.9 Hz, 2H), 4.18 (s, 

1H), 3.29 (dd, J = 12.0, 4.9 Hz, 1H), 3.09 (dd, J = 12.0, 3.3 Hz, 1H), 1.19 (s, 9H). 13C NMR (100 

MHz, Chloroform-d) δ 153.37, 141.80, 128.34, 127.73, 126.40, 84.59, 81.49, 65.02, 36.84, 27.98. 

HRMS (ESI) Exact mass calcd for C14H19NO3S [M+Na]+ : 304.0983, found 304.0975. 

Enantiomeric excess was determined by HPLC with an AD-H column at 210 nm (2-propanol: 

hexane = 3:97), 1.0 mL/min; tR = 11.2 min (minor), 14.3 min (major).

ORTEP Drawing of Compound 3j:

S

N
Boc

OH

5



Crystal data and structure refinement for 3j 

  Identification code               shelx 

  Empirical formula                 C15 H20 Br N O4 S 

  Formula weight                    390.29 

  Temperature                       113(2) K 

  Wavelength                        0.71073 A 

  Crystal system, space group       Orthorhombic,  P2(1)2(1)2(1) 

  Unit cell dimensions              a = 5.1680(5) A   alpha = 90 deg. 

                                        b = 10.0269(12) A    beta = 90 deg. 

                                        c = 32.073(4) A   gamma = 90 deg. 

  Volume                            1662.0(3) A^3 

  Z, Calculated density             4,  1.560 Mg/m^3 

  Absorption coefficient            2.615 mm^-1 

  F(000)                            800 

  Crystal size                      0.20 x 0.18 x 0.12 mm 

  Theta range for data collection   3.25 to 27.49 deg. 

  Limiting indices                  -6<=h<=6, -13<=k<=12, -41<=l<=41 

  Reflections collected / unique    16927 / 3804 [R(int) = 0.0424] 

  Completeness to theta = 27.49     99.8 % 



  Absorption correction             Semi-empirical from equivalents 

  Max. and min. transmission        0.7443 and 0.6228 

  Refinement method                 Full-matrix least-squares on F^2 

  Data / restraints / parameters    3804 / 1 / 207 

  Goodness-of-fit on F^2            1.024 

  Final R indices [I>2sigma(I)]     R1 = 0.0186, wR2 = 0.0443 

  R indices (all data)              R1 = 0.0198, wR2 = 0.0444 

  Absolute structure parameter      0.007(5) 

  Largest diff. peak and hole       0.264 and -0.621 e.A^-3



NMR Spectra ( 1H NMR, 13C NMR)
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HPLC Spectrum
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