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I: General Information 

Commercially available materials were purchased from Alfa Aesar and Sigma-Aldrich. 

Toluene and DCM was dried over Pure Solv solvent purification system. THF was 

distilled over sodium. Other solvents were dried over 4Å molecular sieve prior use. 

Proton nuclear magnetic resonance (
1
H NMR) spectra were recorded on a Bruker (400 

MHz) spectrometer. Chemical shifts were recorded in parts per million (ppm, δ) 

relative to tetramethylsilane (δ 0.00) or chloroform ( = 7.26, singlet). 
1
H NMR 

splitting patterns are designated as singlet (s), doublet (d), triplet (t), quartet (q), dd 

(doublet of doublets), m (multiplets), and etc. 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) or broad (br). Carbon nuclear 

magnetic resonance (
13

C NMR) spectra were recorded on a Bruker (400 MHz) (100 

MHz) spectrometer. High resolution mass spectral analysis (HRMS) was performed 

on a Waters Q–TOF Permier Spectrometer. The determination of enantiomeric excess 

was performed via chiral HPLC analysis using Shimadzu LC-20AD HPLC 

workstation. X-ray crystallography analysis was performed on Bruker X8 APEX 

X-ray diffractionmeter. Optical rotations were measured using a 1 mL cell with a 1 

dm path length on a Jasco P-1030 polarimeter and are reported as follows: [α]
rt

D (c is 

in gm per 100 mL solvent). Analytical thin-layer chromatography (TLC) was carried 

out on Merck 60 F254 pre-coated silica gel plate (0.2 mm thickness).  
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II. General procedure 

a) General procedure for the synthesis of enals 1 

 

1a-1h, 1l, 1n, 1o, 1q, 1s and 1t were purchased. Enals 1i-1k, 1m, 1p, 1r, 1u-1x 

were synthesized according to the literature. 
[1-5]

 To a dried 50 mL flask was added 

formylmethylene)triphenylphosphorane (1.521 g, 5 mmol), aldehydes (7 mmol) and 

25 mL toluene. The mixture was refluxed overnight (detected by TLC), and then the 

solvent was removed under reduced pressure. The residue was purified by silica 

column chromatography to afford the product 1. 

 

b) General procedure for the synthesis of N-Ts diethyl aminomalonate 2 

  

 

2a and 2d were synthesized according to the literature.
[6]

 p-Toluenesulfonyl 

chloride (3.8 g, 20 mmol) was added to a suspension of diethyl aminomalonate 

hydrochloride (4.22 g, 20 mmol) in 10 mL pyridine at 0 ℃. The mixture was warmed 

to room temperature and stirred for 12h (detected by TLC). Upon completion of the 

reaction, to the mixture was poured into 50 mL ice water with stirring. The 

precipitated solid was filtered off and washed with water, and then recrystallization 

from EA/PE afforded the product 2a (5.3g, 80%yield). 

 

2b, 2c and 2e were synthesized according to the literature. 
[7,8]

 Cu(OTf)2 (0.1 

mmol), 1,10-phen (0.1 mmol), and powdered 4Å MS (600 mg) were added to a 

solution of dry CH2Cl2 (5 mL) at 0℃. After stirring for 1 h at the same temperature, 

1,3-dicarbonyl compound (1.0 mmol) and PhI=NTs or PhI=NNs 
[9]

 (2 mmol) was 

added to the mixture and then the reaction mixture was stirred at room temperature 

until the reaction completed (detected by TLC). The crude product was filtered 

through Celite, washed with EtOAc (30 mL), evaporated to dryness, and purified by 

silica gel flash column chromatography (eluent: n-hexane/EtOAc 4:1) to give the 

products 2. 

 

c) Experimental data of other Lewis acids 

 

Table S1. Experimental data of other Lewis acids 
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Entry

a
 Lewis acid Yield[%]

b
 ee[%]

c
 

1 Cu(OTf)2 - - 

2 Zn(OTf)2 15 49 

3 Sc(OTf)3 68 49 

4 Ti(O
i-
Pr)4 45 99 

5 Mg(OTf)2 62 99 

6 / 88 48 

a Standard condition: 1a (0.3 mmol), 2a (0.2 mmol), NHC D (2 mol%), NaOt-Bu (0.047 mmol), K2CO3 (0.093 mmol), [O] (0.24 mmol), 

Lewis acid (0.04 mmol), 4Ǻ MS (100 mg), DCM (1 mL), 0°C to rt (ice water mixture). b Isolated yields after column chromatography. 
c Determined by chiral HPLC.  

 

d) Experimental data of other acyazolium precursors 

 

Scheme S1. Experimental data of other acyazolium precursors 
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e) General procedure for the reactions of 1a with 2a to synthesize product 3 (3a as an 

example) 

 

To a dried 10 mL Schlenk tube equipped with a magnetic stir bar was added 2a 

(0.2 mmol, 65.8 mg), NHC D pre-catalyst (0.004 mmol, 1.7 mg),  

3,3',5,5'-tetra-tert-butyldiphenoquinone (0.24 mmol, 98.0 mg), LiCl (0.2 mmol, 8.4 

mg), NaO
t-
Bu (0.047 mmol, 4.5 mg), K2CO3 (0.093mmol, 13.0 mg) and MS 4Å 

(100.0 mg). To this mixture was added dry DCM (1.0 mL), and 1a (0.3 mmol, 38 uL) 

via a micro syringe, then the reaction mixture was stirred for 12h at ice-water 

(detected by TLC). The solvent was remover under reduced pressure, and then the 

residue was purified by column chromatography (silica gel, Petroleum ether/EtOAc, 

5:1, v/v) to afford the product 3a. 

 

f) General procedure for the reactions of 3ab to synthesize product 4 and 5 
[3]

 

 

To an ovendried, 10-mL round-bottomed flask equipped with a magnetic stir bar 

were added Pd2(dba)3- CHCl3 (16.8 mg, 0.016 mmol, 10 mol%), PPh3 (2.2 mg, 0.008 

mmol, 5 mol%), HCO2NH4 (20.4 mg, 0.32 mmol, 2.0 equiv) and CH3CN (2.0 mL) 

and the mixture was stirred at room temperature for 10 min. Compound 3ab (93.6 mg, 

0.16 mmol, 1.0 equiv) in CH3CN (2 mL) was added to the mixture, and then the 

reaction was heated to 90 °C with vigorous stirring for 2 h (detected by TLC). After 

the reaction was completed, the reaction mixture was concentrated under reduced 

pressure, and then purified by column chromatography (silica gel, Petroleum 

ether/EtOAc, 3:1, v/v) to afford the product 4. The relative stereo-chemistry of 

compound 4 was assigned based on the work of Romo’s group.
[3]

 

 

Under Ar atmosphere, to an 25-mL round-bottomed flask equipped with a 

magnetic stir bar were added SmI2 (5.77 mL of 0.1M in THF, 0.577 mmol, 6.0 equiv) , 

and 4 (48.2 mg, 0.096 mmol, 1.0 equiv) at 0 °C. The reaction mixture was warmed to 

room temperature and stirred for 30 min (detected by TLC). After the reaction was 

completed, the reaction mixture was quenched with saturated NaHCO3 and extracted 
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with EtOAc (3 × 20 mL). The combined organic layers were dried over anhydrous 

Na2SO4, filtered and concentrated under reduced pressure. And then the crude residue 

was purified by column chromatography (silica gel, Petroleum ether/EtOAc, 1:1, v/v) 

to afford the product 5. 

 

g) Stereochemistry determination 3a via X-ray crystallographic analysis 

Product 3a was was crystallized as a colorless crystal via vaporization of a 

hexane/ethyl acetate solution, and its absolute configuration was determined by x-ray 

structure analaysis. CCDC 2061718 contains the supplementary crystallographic data 

that can be obtained free of charge from The Cambridge Crystallographic Data Centre 

via www.ccdc.cam.ac.uk/data request/cif. 

 

 

Figure S1 Crystal structure of compound 3a (displacement ellipsoids are drawn at the 30% probability) 

(grey atom, C; red atom, O; blue atom, N; yellow atom, S) 

 

Flack parameter 

 

Flack x determined using 1844 quotients [(I+)-(I-)]/[(I+)+(I-)] 

 (Parsons, Flack and Wagner, Acta Cryst. B69 (2013) 249-259). 

; 

_refine_ls_abs_structure_Flack     0.02(7) 

_refine_ls_extinction_coef         . 

_refine_ls_extinction_method       none 

_refine_ls_goodness_of_fit_ref     1.031 

_refine_ls_hydrogen_treatment      constr 

_refine_ls_matrix_type             full 

_refine_ls_number_parameters       292 

_refine_ls_number_reflns           5040 

_refine_ls_number_restraints       1 

_refine_ls_R_factor_all            0.0561 
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_refine_ls_R_factor_gt             0.0491 

_refine_ls_restrained_S_all        1.031 

_refine_ls_shift/su_max            0.000 

_refine_ls_shift/su_mean           0.000 

_refine_ls_structure_factor_coef   Fsqd 

_refine_ls_weighting_details       

 'w=1/[\s^2^(Fo^2^)+(0.0485P)^2^+0.1456P] where P=(Fo^2^+2Fc^2^)/3' 

_refine_ls_weighting_scheme        calc 

_refine_ls_wR_factor_gt            0.1202 

_refine_ls_wR_factor_ref           0.1275 

_refine_special_details            ? 

_olex2_refinement_description 
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III. Characterizations of products, reference 

Structure of known compounds 1i,
[1]

 1j,
[2]

 1k,
[2]

 1m,
[2]

 1p,
[3]

 1r,
[4] 

1u- 1w,
[6]

 1x,
[10]

 

2a,
[6]

 2b,
[7]

 2c,
[8]

 2d,
[6]

 2e,
[8]

 3a,
[11]

 3b,
[11]

 3f,
[11]

 3z
[8]

 and 5
[12]

 were confirmed by 

NMR spectral comparison with literature data. The compounds not reported before, 
1
H NMR and 

13
C NMR characterization and the corresponding spectra are provided. 

 

a) Characterizations of Products  

 

Diethyl (R)-5-oxo-3-phenyl-1-tosylpyrrolidine-2,2-dicarboxylate (3a): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:5) gave the 

product (81.7 mg, 89% yield) as a white solid: mp 123.0-125.2 ℃; [α]D 
25

 (c 0.561, 

CHCl3) = -66.8;
 1

H NMR (400 MHz, CDCl3) δ = 8.07 (d, J = 8.4 Hz, 2H), 7.35-7.29 

(m, 5H), 7.13-7.10 (m, 2H), 4.46-4.40 (m, 2H), 4.07 (t, J = 8.4 Hz, 1H), 3.97-3.89 (m, 

1H), 3.84-3.76 (m, 1H), 2.94-2.83 (m, 2H), 2.45 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H), 0.95 

(t, J = 7.2 Hz, 3H); HRMS(ESI) calcd for C23H26NO7S (M+H)
+
: 460.1424, Found: 

460.1411; 94% ee as determined by HPLC (Chiralcel ASH, 90:10 hexanes/i-PrOH, 

0.8 mL/min), tr (major) = 37.0 min, tr (minor) = 41.7 min. 

 

Diethyl (R)-5-oxo-3-(p-tolyl)-1-tosylpyrrolidine-2,2-dicarboxylate (3b): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:5) gave the 

product (87.1 mg, 92% yield) as a white solid: mp 158.4-161.8 ℃;
 
[α]D 

25
 (c 0.726, 

CHCl3) = -41.3; 
1
H NMR (400 MHz, CDCl3) δ = 8.07 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 

8.0 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 6.99 (d, J = 8.0 Hz, 2H), 4.45-4.40 (m, 2H), 

4.03 (t, J = 8.4 Hz, 1H), 3.98-3.92 (m, 1H), 3.88-3.80 (m, 1H), 2.92-2.80 (m, 2H), 

2.45 (s, 3H), 2.32 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H), 0.99 (t, J = 7.2 Hz, 3H); 

HRMS(ESI) calcd for C24H28NO7S (M+H)
+
: 474.1581, Found: 474.1570; 92% ee as 

determined by HPLC (Chiralcel ASH, 90:10 hexanes/i-PrOH, 1.0 mL/min), tr (major) 

= 42.6 min, tr (minor) = 51.4 min. 

 

Diethyl (R)-3-(4-methoxyphenyl)-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3c): 

Flash column chromatography on silica gel (ethyl acetate/petroleum ether, 1:5) gave 

the product (84.1 mg, 86% yield) as a white solid: mp 125.6-128.4 ℃; [α]D 
25

 (c 0.583, 
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CHCl3) = -64.3; 
1
H NMR (400 MHz, CDCl3) δ = 8.07 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 

8.0 Hz, 2H), 7.04 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 4.46-4.38 (m, 2H), 

4.03-3.94 (m, 2H), 3.90-3.82 (m, 1H), 3.78 (s, 3H), 2.91 - 2.80 (m, 2H), 2.45 (s, 3H),  

1.39 (t, J = 7.2 Hz, 3H), 0.99 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 

172.4, 167.3, 165.2, 159.8, 145.4, 135.4, 130.1, 129.6, 129.1, 127.2, 113.9, 77.5, 63.2, 

62.7, 55.4, 46.4, 36.6, 21.8, 14.1, 13.7; HRMS(ESI) calcd for C24H28NO8S (M+H)
+
: 

490.1530, Found: 490.1521; 89% ee as determined by HPLC (Chiralcel ASH, 85:15 

hexanes/i-PrOH, 1.0 mL/min), tr (major) = 32.8 min, tr (minor) = 45.8 min. 

 

Diethyl (R)-3-(2-methoxyphenyl)-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3d): 

Flash column chromatography on silica gel (ethyl acetate/petroleum ether, 1:5) gave 

the product (96.9 mg, 99% yield) as a white solid: mp 153.1-154.2 ℃; [α]D 
25

 (c 0.549, 

CHCl3) = -31.9; 
1
H NMR (400 MHz, CDCl3) δ = 8.09 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 

8.0 Hz, 2H), 7.28-7.24 (m, 1H), 7.00 (dd, J = 7.2, 1.2 Hz, 1H), 6.86 (t, J = 7.6 Hz, 

1H), 6.81 (d, J = 8.0 Hz, 1H), 4.45-4.34 (m, 3H), 3.98-3.90 (m, 1H), 3.73-3.65 (m, 

1H), 3.55 (s, 3H), 2.89-2.76 (m, 2H), 2.44 (s, 3H), 1.39 (t, J = 6.8 Hz, 3H), 0.99 (t, J = 

7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 172.9, 167.3, 165.3, 158.1, 145.1, 

135.7, 130.2, 129.9, 129.1, 128.9, 124.5, 120.4, 110.8, 77.1, 63.0, 62.4, 54.9, 42.6, 

35.8, 21.8, 14.0, 13.6; HRMS(ESI) calcd for C24H28NO8S (M+H)
+
: 490.1530, Found: 

490.1522; 90% ee as determined by HPLC (Chiralcel AD, 85:15 hexanes/i-PrOH, 1.0 

mL/min), tr (major) = 18.4 min, tr (minor) = 25.3 min. 

 

Diethyl (R)-3-(3-chlorophenyl)-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3e): 

Flash column chromatography on silica gel (ethyl acetate/petroleum ether, 1:5) gave 

the product (64.1 mg, 65% yield) as a white solid: mp 157.1-158.4 ℃; [α]D 
25

 (c 0.423, 

CHCl3) = -47.2; 
1
H NMR (400 MHz, CDCl3) δ = 8.07 (d, J = 8.4 Hz, 2H), 7.47-7.44 

(m, 1H), 7.35 (d, J = 8.4 Hz, 2H), 7.27-7.26 (m, 1H), 7.18 (t, J = 8.0 Hz, 1H), 7.05 (d, 

J = 7.6 Hz, 1H), 4.44 (q, J = 7.2 Hz, 2H), 4.06-3.97 (m, 2H), 3.95-3.87 (m, 1H), 2.85 

(d, J = 8.4 Hz, 2H), 2.45 (s, 3H), 1.40 (t, J = 7.2 Hz, 3H), 1.04 (t, J = 7.2 Hz, 3H); 
13

C 

NMR (100 MHz, CDCl3) δ = 171.7, 167.1, 165.0, 145.5, 137.8, 135.3, 131.8, 131.6, 

130.2, 130.0, 129.1, 127.2, 122.6, 77.3, 63.5, 62.9, 46.3, 36.2, 21.9, 14.1, 13.6; 

HRMS(ESI) calcd for C23H25ClNO7S (M+H)
+
: 494.1035, Found: 494.1027; 90% ee 

as determined by HPLC (Chiralcel ODH, 85:Q5 hexanes/i-PrOH, 1.0 mL/min), tr 

(major) = 40.8 min, tr (minor) = 31.5 min. 



S10 

 

Diethyl (R)-3-(4-chlorophenyl)-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3f): 

Flash column chromatography on silica gel (ethyl acetate/petroleum ether, 1:5) gave 

the product (54.3 mg, 55% yield) as a white solid: mp 160.0-161.9 ℃; [α]D 
25

 (c 0.290, 

CHCl3) = -60.3; 
1
H NMR (400 MHz, CDCl3) δ = 8.06 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 

8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 4.43 (q, J = 6.0 Hz, 

2H), 4.05 (t, J = 8.4 Hz, 1H), 4.01-3.95 (m, 1H), 3.91-3.83 (m, 1H), 2.91-2.79 (m, 

2H), 2.45 (s, 3H), 1.40 (t, J = 7.2 Hz, 3H), 1.03 (t, J = 7.2 Hz, 3H); HRMS(ESI) calcd 

for C23H25ClNO7S (M+H)
+
: 494.1035, Found: 494.1027; 93% ee as determined by 

HPLC (Chiralcel AD, 85:15 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 24.2 min, tr 

(minor) = 22.6 min. 

 

Diethyl 

(R)-3-(4-(methoxycarbonyl)phenyl)-5-oxo-1-tosylpyrrolidine-2,2-dicarbox ylate 

(3g): Flash column chromatography on silica gel (ethyl acetate/petroleum ether, 1:5) 

gave the product (88.0 mg, 85% yield) as a white solid: mp 140.9-143.5 ℃;
 
[α]D 

25
 (c 

0.568, CHCl3) = -35.2; 
1
H NMR (400 MHz, CDCl3) δ = 8.07 (d, J = 8.0 Hz, 2H), 7.97 

(d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 4.44 (q, J = 7.2 

Hz, 2H), 4.14 (t, J = 8.0 Hz, 1H), 4.00-3.91 (m, 4H), 3.86-3.78 (m, 1H), 2.89 (d, J = 

8.0 Hz, 2H), 2.46 (s, 3H), 1.40 (t, J = 7.2 Hz, 3H), 0.98 (t, J = 6.8 Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ = 171.8, 167.1, 166.5, 165.0, 145.5, 140.8, 135.3, 130.4, 130.0, 

129.8, 129.1, 128.6, 77.3, 63.5, 62.8, 52.4, 46.6, 36.3, 21.9, 14.1, 13.6; HRMS(ESI) 

calcd for C25H28NO9S (M+H)
+
: 518.1479, Found: 532.1471; 95% ee as determined by 

HPLC (Chiralcel IA, 85:15 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 47.3 min, tr 

(minor) = 33.1 min. 

 

Diethyl (R)-3-(4-nitrophenyl)-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3h): 

Flash column chromatography on silica gel (ethyl acetate/petroleum ether, 1:3) gave 

the product (69.6 mg, 69% yield) as a white solid: mp 53.1-55.2 ℃; [α]D 
25

 (c 0.915, 

CHCl3) = 30.1; 
1
H NMR (400 MHz, CDCl3) δ = 8.16 (d, J = 8.4 Hz, 2H), 8.06 (d, J = 

8.0 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.8 Hz, 2H), 4.45 (q, J = 6.8 Hz, 

2H), 4.20 (t, J = 8.0 Hz, 1H), 4.06-3.98 (m, 1H), 3.93-3.85 (m, 1H), 2.97-2.83 (m, 



S11 

2H), 2.47 (s, 3H), 1.41 (t, J = 7.2 Hz, 3H), 1.03 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 

MHz, CDCl3) δ = 171.3, 167.0, 164.9, 145.7, 143.1, 135.1, 130.0, 129.6, 129.2, 123.7, 

77.1, 63.8, 63.1, 46.2, 36.3, 21.9, 14.0, 13.7; HRMS(ESI) calcd for C23H25N2O9S 

(M+H)
+
: 505.1275, Found: 505.1266; 89% ee as determined by HPLC (Chiralcel AD, 

85:15 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 58.9 min, tr (minor) = 42.6 min. 

 

Diethyl 

(R)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-5-oxo-1-tosylpyrrolidine-2,2- 

dicarboxylate (3i): Flash column chromatography on silica gel (ethyl 

acetate/petroleum ether, 1:5) gave the product (91.7 mg, 77% yield) as a colorless oil; 

[α]D 
25

 (c 0.448, CHCl3) = -83.8; 
1
H NMR (400 MHz, CDCl3) δ = 8.08 (d, J = 8.0 Hz, 

2H), 7.33 (d, J = 8.4 Hz, 2H), 6.74 (d, J = 8.4 Hz, 1H), 6.63 (dd, J = 8.4, 2.0 Hz, 1H), 

6.55 (d, J = 2.0 Hz, 1H), 4.52-4.48 (m, 1H), 4.46-4.38 (m, 2H), 4.01-3.93 (m, 2H), 

3.85-3.77 (m, 4H), 2.93 (dd, J = 17.2, 8.8 Hz, 1H), 2.78 (dd, J = 17.2, 7.2 Hz, 1H), 

2.44 (s, 3H), 1.79-1.76 (m, 6H), 1.54 (d, J = 4.8 Hz, 2H), 1.40 (t, J = 7.2 Hz, 3H), 

0.99 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 172.5, 167.5, 165.0, 150.4, 

150.1, 145.3, 142.2, 140.7, 135.6, 134.2, 130.0, 129.1, 127.6, 127.0, 126.9, 123.1, 

123.0, 120.0, 119.5, 77.8, 63.3, 62.5, 56.2, 47.3, 36.8, 32.7, 32.6, 21.9, 14.1, 13.7, 8.5, 

8.4; HRMS(ESI) calcd for C29H35NNaO9S (M+Na)
+
: 596.1925, Found: 596.1933; 

89% ee as determined by HPLC (Chiralcel ODH, 90:10 hexanes/i-PrOH, 1.0 mL/min), 

tr (major) = 26.2 min, tr (minor) = 32.7 min. 

 

Diethyl (R)-3-(naphthalen-2-yl)-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3j): 

Flash column chromatography on silica gel (ethyl acetate/petroleum ether, 1:5) gave 

the product (85.6 mg, 84% yield) as a white solid: mp 128.9-130.6 ℃; [α]D 
25

 (c 0.713, 

CHCl3) = -38.6; 
1
H NMR (400 MHz, CDCl3) δ = 8.09 (d, J = 8.4 Hz, 2H), 7.82-7.72 

(m, 3H), 7.58 (s, 1H), 7.51-7.48 (m, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.23-7.19 (m, 1H), 

4.47 (q, J = 7.2 Hz, 2H), 4.26 (t, J = 8.4 Hz, 1H), 3.89-3.81 (m, 1H), 3.75-3.67 (m, 

1H), 3.06-2.92 (m, 2H), 2.47 (s, 1H), 1.42 (t, J = 7.2 Hz, 3H), 0.78 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 172.3, 167.3, 165.2, 145.4, 135.4, 133.2, 133.1, 

133.0, 130.1, 129.1, 128.4, 127.9, 127.8, 127.7, 126.8, 126.7, 125.9, 77.6, 63.4, 62.7, 

47.1, 36.5, 21.9, 14.1, 13.4; HRMS(ESI) calcd for C27H28NO7S (M+H)
+
: 510.1581, 

Found: 510.1574; 92% ee as determined by HPLC (Chiralcel AsH, 90:10 

hexanes/i-PrOH, 1.0 mL/min), tr (major) = 42.6 min, tr (minor) = 51.4 min. 
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Diethyl (R)-3-(9,9-diethyl-9H-fluoren-3-yl)-5-oxo-1-tosylpyrrolidine-2,2-dicarbox 

ylate (3k): Flash column chromatography on silica gel (ethyl acetate/petroleum ether, 

1:5) gave the product (112.2 mg, 93% yield) as a white solid: mp 143.5-145.9 ℃; [α]D 
25

 (c 0.768, CHCl3) = -48.9; 
1
H NMR (400 MHz, CDCl3) δ = 8.10 (d, J = 8.4 Hz, 2H), 

7.69-7.66 (m, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.36 -7.31 (m, 5H), 7.07 (dd, J = 8.0, 1.6 

Hz, 1H), 7.02 (s, 1H), 4.50-4.40 (m, 2H), 4.16 (t, J = 8.4 Hz, 1H ), 4.03-3.95 (m, 1H), 

3.82-3.74 (m, 1H), 2.95 (d, J = 8.4 Hz, 2H), 2.46 (s, 3H), 2.00-1.86 (m, 4H), 1.41 (t, J 

= 7.2 Hz, 3H), 0.99 (t, J = 7.2 Hz, 3H), 0.27 (q, J = 7.6 Hz, 6H);
 13

C NMR (100 MHz, 

CDCl3) δ = 172.5, 167.5, 165.0, 150.4, 150.1, 145.3, 142.2, 140.7, 135.6, 134.2, 130.0, 

129.1, 127.6, 127.0, 126.9, 123.1, 123.0, 120.0, 119.5, 77.8, 63.3, 62.5, 56.2, 47.3, 

36.8, 32.7, 32.6, 21.9, 14.1, 13.7, 8.6, 8.5; HRMS(ESI) calcd for C34H38NO7S (M+H)
+
: 

604.2363, Found: 604.2360; 89% ee as determined by HPLC (Chiralcel AD, 90:10 

hexanes/i-PrOH, 0.8 mL/min), tr (major) = 23.0 min, tr (minor) = 25.3 min. 

 
Diethyl (S)-3-(furan-2-yl)-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3l): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:5) gave the 

product (81.8 mg, 91% yield) as a white solid: mp 108.3-109.4 ℃; [α]D 
25

 (c 0.414, 

CHCl3) = -96.6; 
1
H NMR (400 MHz, CDCl3) δ = 8.05 (d, J = 8.4 Hz, 2H), 7.36-7.35 

(m, 1H), 7.33 (d, J = 8.0 Hz, 2H), 6.33 (dd, J = 3.2, 2.0 Hz, 1H), 6.19 (d, J = 3.2 Hz, 

1H), 4.43 (q, J = 7.2 Hz, 2H), 4.19 (t, J = 9.2 Hz, 1H), 4.22-4.10 (m, 1H), 4.06-3.98 

(m, 1H), 2.92 (dd, J = 17.2, 10.0 Hz, 1H), 2.76 (dd, J = 16.8, 8.4 Hz, 1H), 2.44 (s, 3H), 

1.40 (t, J = 7.2 Hz, 3H), 1.14 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 

171.2, 166.8, 165.1, 148.6, 145.4, 143.0, 135.3, 130.0, 129.1, 110.8, 109.2, 76.2, 63.4, 

63.0, 41.3, 34.3, 21.8, 14.0, 13.7; HRMS(ESI) calcd for C21H24NO8S (M+H)
+
: 

450.1217, Found: 450.1210; 87% ee as determined by HPLC (Chiralcel ASH, 90:10 

hexanes/i-PrOH, 1.0 mL/min), tr (major) = 36.6 min, tr (minor) = 42.5 min. 

 

Diethyl (S)-5-oxo-3-(thiophen-2-yl)-1-tosylpyrrolidine-2,2-dicarboxylate (3m): 

Flash column chromatography on silica gel (ethyl acetate/petroleum ether, 1:5) gave 
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the product (77.2 mg, 83% yield) as a white solid: mp 113.6-115.9 ℃; [α]D 
25

 (c 0.493, 

CHCl3) = -81.2; 
1
H NMR (400 MHz, CDCl3) δ = 8.05 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 

8.4 Hz, 2H), 7.26-7.27 (m, 1H), 6.92-6.98 (m, 2H), 4.41-4.48 (m, 2H), 4.30 (t, J = 9.2 

Hz, 1H), 3.94-4.11 (m, 2H), 2.98 (dd, J = 16.8, 10.4 Hz, 1H), 2.89 (dd, J = 16.8, 8.8 

Hz, 1H), 2.44 (s, 3H), 1.41 (t, J = 7.2 Hz, 3H), 1.07 (t, J = 7.2 Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ = 171.2, 167.0, 165.1, 145.5, 137.4, 135.2, 130.0, 129.0, 127.3, 

127.1, 126.0, 77.0, 63.4, 62.9, 42.5, 37.6, 21.9, 14.1, 13.7; HRMS(ESI) calcd for 

C21H24NO7S2(M+H)
+
: 466.0989, Found: 466.0979; 88% ee as determined by HPLC 

(Chiralcel ASH, 90:10 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 36.2 min, tr (minor) 

= 41.9 min. 

 

Diethyl (S)-3-methyl-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3n): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:10) gave the 

product (56.4 mg, 71% yield) as a white solid: mp 95.5-97.3 ℃; [α]D 
25

 (c 0.379, 

CHCl3) = -343.0; 
1
H NMR (400 MHz, CDCl3) δ = 8.04 (d, J = 7.6 Hz, 2H), 7.31 (d, J 

= 8.0 Hz, 2H), 4.40-4.30 (m, 4H), 2.78-2.69 (m, 1H), 2.55 (dd, J = 16.8, 8.0 Hz, 1H), 

2.42 (s, 3H), 2.32 (dd, J = 16.8, 10.4 Hz, 1H), 1.37-1.32 (m, 6H), 1.19 (d, J = 6.8 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3) δ = 172.5, 167.4, 165.8, 145.3, 135.4, 129.9, 129.0, 

76.2, 62.9, 62.8, 38.2, 36.9, 21.8, 15.7, 14.2; HRMS(ESI) calcd for C18H24NO7S 

(M+H)
+
: 398.1268, Found: 398.1259; 98% ee as determined by HPLC (Chiralcel AD, 

85:15 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 12.1 min, tr (minor) = 14.6 min. 

 

Diethyl (S)-5-oxo-3-propyl-1-tosylpyrrolidine-2,2-dicarboxylate (3o): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:10) gave the 

product (62.9 mg, 74% yield) as a white solid: mp 136.0-137.5 ℃; [α]D 
25

 (c 0.390, 

CHCl3) = -89.7; 
1
H NMR (400 MHz, CDCl3) δ = 8.04 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 

8.0 Hz, 2H), 4.41-4.33 (m, 4H), 2.63-2.52 (m, 2H), 2.43 (s, 3H), 2.33 (td, J = 14.4, 

4.4 Hz, 1H), 1.85-1.80 (m, 1H), 1.36 (td, J = 7.2, 2.8 Hz, 7H), 1.29-1.20 (m, 2H), 0.90 

(t, J = 6.8 Hz, 3H);
 13

C NMR (100 MHz, CDCl3) δ = 172.4, 167.4, 165.9, 145.3, 135.4, 

129.9, 129.0, 75.8, 62.9, 62.8, 42.0, 36.5, 32.5, 21.8, 20.8, 14.1, 14.0, 13.9; 

HRMS(ESI) calcd for C20H27NNaO7S (M+Na)
+
: 448.1400, Found: 448.1454; 99% ee 

as determined by HPLC (Chiralcel ASH, 85:15 hexanes/i-PrOH, 1.0 mL/min), tr 

(major) = 16.7 min, tr (minor) = 19.5 min. 
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Diethyl (R)-3-isopropyl-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3p): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:10) gave the 

product (49.3 mg, 58% yield) as a white solid: mp 79.2-80.4 ℃; [α]D 
25

 (c 0.346, 

CHCl3) = -28.9; 
1
H NMR (400 MHz, CDCl3) δ = 7.96 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 

8.4 Hz, 2H), 4.43-4.27 (m, 4H), 2.61-2.54 (m, 1H), 2.48 (dd, J = 16.8, 7.6 Hz, 1H), 

2.41 (s, 3H), 2.23 (dd, J = 16.8, 12.4 Hz, 1H), 1.77-1.70 (m, 1H), 1.34 (td, J = 11.2, 

7.2 Hz, 6H), 1.02 (d, J = 6.4 Hz, 3H), 0.83 (d, J = 6.4 Hz, 3H);
 13

C NMR (100 MHz, 

CDCl3) δ = 172.1, 167.8, 165.6, 145.3, 135.4, 129.6, 129.1, 75.9, 63.2, 62.9, 50.8, 

35.3, 29.5, 21.8, 21.3, 21.1, 14.0, 13.9; HRMS(ESI) calcd for C20H28NO7S (M+H)
+
: 

426.1581, Found: 426.1589; 98% ee as determined by HPLC (Chiralcel AD, 85:15 

hexanes/i-PrOH, 1.0 mL/min), tr (major) = 12.7 min, tr (minor) = 11.5 min. 

 

Diethyl (S)-5-oxo-3-pentyl-1-tosylpyrrolidine-2,2-dicarboxylate (3q): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:10) gave the 

product (77.0 mg, 85% yield) as a white solid: mp 71.6-74.6 ℃; [α]D 
25

 (c 0.142, 

CHCl3) = -228.9; 
1
H NMR (400 MHz, CDCl3) δ = 8.04 (d, J = 8.4 Hz, 2H), 7.32 (d, J 

= 8.0 Hz, 2H), 4.41-4.32 (m, 4H), 2.59-2.52 (m, 2H), 2.43 (s, 3H), 2.33 (dd, J = 19.2, 

13.6 Hz, 1H), 1.85 (s, 1H), 1.35 (td, J = 7.2, 1.6 Hz, 6H), 1.28-1.23 (m, 7H), 0.86 (t, J 

= 6.4 Hz, 3H);
 13

C NMR (100 MHz, CDCl3) δ = 172.4, 167.5, 165.9, 145.3, 135.4, 

129.9, 129.0, 75.8, 62.9, 62.8, 42.2, 36.5, 31.5, 30.3, 27.2, 22.4, 21.8, 14.2, 14.1, 14.0; 

HRMS(ESI) calcd for C22H31NNaO7S (M+Na)
+
: 476.1713, Found: 476.1702; 96% ee 

as determined by HPLC (Chiralcel AD, 85:15 hexanes/i-PrOH, 1.0 mL/min), tr (major) 

= 11.1 min, tr (minor) = 12.5 min. 

 

Diethyl (S)-3-isobutyl-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3r): Flash column 

chromatography on silica gel (ethyl acetate/petroleum ether, 1:10) gave the product 

(61.5 mg, 70% yield) as a white solid: mp 79.2-80.4 ℃; [α]D 
25

 (c 0.457, CHCl3) = -60.2; 
1
H NMR (400 MHz, CDCl3) δ = 8.03 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 4.35 (q, J = 7.2 

Hz, 4H), 2.68-2.59 (m, 1H), 2.53 (dd, J = 16.8, 8.4 Hz, 1H), 2.41 (s, 3H), 2.32 (dd, J = 16.8, 11.6 

Hz, 1H), 1.67-1.60 (m, 1H), 1.54-1.45 (m, 1H), 1.34 (td, J = 7.2, 4.0 Hz, 6H), 1.24-1.17 (m, 1H), 

0.89 (d, J = 6.4 Hz, 3H), 0.81 (d, J = 6.4 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 172.5, 167.4, 
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165.9, 145.3, 135.4, 129.9, 129.0, 75.7, 62.8, 40.1, 39.3, 36.6, 26.0, 23.6, 21.8, 21.3, 14.1, 14.0; 

HRMS(ESI) calcd for C21H30NO7S (M+H)
+
: 440.1737, Found: 440.1729; 95% ee as determined 

by HPLC (Chiralcel ODH, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 14.8 min, tr (minor) 

= 18.0 min. 

 

Diethyl (S)-3-hexyl-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3s): Flash column 

chromatography on silica gel (ethyl acetate/petroleum ether, 1:10) gave the product 

(78.5 mg, 84% yield) as a colorless oil; [α]D 
25

 (c 0.579, CHCl3) = -64.8; 
1
H NMR 

(400 MHz, CDCl3) δ = 8.00 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 4.37-4.29 

(m, 4H), 2.56-2.49 (m, 2H), 2.39 (s, 3H), 2.34-2.25 (m, 1H), 1.85-1.82 (m, 1H), 1.32 

(td, J = 6.8, 1.2 Hz, 6H), 1.25-1.20 (m, 9H), 0.83 (td, J = 6.8 Hz, 3H);
 13

C NMR (100 

MHz, CDCl3) δ = 172.5, 167.4, 165.9, 145.3, 135.4, 129.9, 129.0, 75.8, 62.9, 62.8, 

42.1, 36.5, 31.6, 30.4, 29.0, 27.5, 22.6, 21.8, 14.2, 14.1, 14.0; HRMS(ESI) calcd for 

C23H34NO7S (M+H)
+
: 468.2050, Found: 468.2055; 93% ee as determined by HPLC 

(Chiralcel IA, 85:15 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 9.9 min, tr (minor) = 

10.8 min. 

 

Diethyl (S)-3-heptyl-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3t): Flash column 

chromatography on silica gel (ethyl acetate/petroleum ether, 1:10) gave the product 

(78.9 mg, 82% yield) as a colorless oil; [α]D 
25

 (c 0.628, CHCl3) = -63.7; 
1
H NMR 

(400 MHz, CDCl3) δ = 8.02 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 4.41-4.27 

(m, 4H), 2.57-5.51 (m, 2H), 2.41 (s, 3H), 2.31 (dd, J = 19.6, 14.0 Hz, 1H), 1.86-1.73 

(m, 1H), 1.35-1.31 (m, 6H), 1.27-1.22 (m, 11H), 0.85 (t, J = 6.4 Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ = 172.4, 167.4, 165.8, 145.3, 135.4, 129.9, 129.0, 75.8, 62.9, 

62.8, 42.2, 36.5, 31.9, 31.8, 31.7, 30.4, 29.2, 29.1, 27.5, 22.6, 21.8, 14.1, 14.0; 

HRMS(ESI) calcd for C24H36NO7S (M+H)
+
: 482.2207, Found: 482.2210; 95% ee as 

determined by HPLC (Chiralcel IB, 90:10 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 

11.0 min, tr (minor) = 12.6 min. 

 

Diethyl (S)-5-oxo-3-phenethyl-1-tosylpyrrolidine-2,2-dicarboxylate (3u): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:10) gave the 

product (76.0 mg, 78% yield) as a colorless oil;
 
[α]D 

25
 (c 0.542, CHCl3) = -83.0; 

1
H 
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NMR (400 MHz, CDCl3) δ = 8.03 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 

7.27-7.24 (m, 2H), 7.20-7.16 (m, 1H), 7.11-7.09 (m, 2H), 4.40-4.18 (m, 4H), 

2.76-2.69 (m, 1H), 2.58-2.48 (m, 3H), 2.44-2.34 (m, 4H), 2.29-2.20 (m, 1H), 

1.64-1.55 (m, 1H), 1.35 (t, J = 7.2 Hz, 3H), 1.25 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 

MHz, CDCl3) δ = 172.2, 167.2, 165.9, 145.3, 140.0, 135.4, 129.9, 129.0, 128.7, 128.3, 

126.6, 75.6, 63.0, 62.9, 40.9, 36.3, 33.4, 31.8, 21.8, 14.2, 14.0; HRMS(ESI) calcd for 

C25H30NO7S (M+H)
+
: 488.1737, Found: 488.1746; 99% ee as deterined by HPLC 

(Chiralcel ID, 85:15 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 48.2 min, tr (minor) = 

36.3 min. 

 

Diethyl (R)-3-cyclopropyl-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3v): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:10) gave the 

product (66.9 mg, 79% yield) as a white solid: mp 132.1-134.6 ℃; [α]D 
25

 (c 0.503, 

CHCl3) = -84.5; 
1
H NMR (400 MHz, CDCl3) δ = 8.05 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 

8.0 Hz, 2H), 4.43-4.27 (m, 4H), 2.57 (dd, J = 17.2, 8.4 Hz. 1H), 2.41-2.35 (m, 4H), 

2.18 (dd, J = 17.6, 8.4 Hz, 1H), 1.35 (td, J = 7.2, 1.6 Hz, 6H), 0.92-0.84 (m, 1H), 

0.59-0.49 (m, 2H), 0.32-0.26 (m, 1H), 0.14-0.08 (m, 1H); 
13

C NMR (100 MHz, 

CDCl3) δ = 172.2, 167.6, 165.6, 145.3, 135.6, 130.0, 129.0, 76.4, 63.1, 62.9, 46.9, 

36.4, 21.8, 14.1, 14.0, 12.2, 4.8, 3.4; HRMS(ESI) calcd for C20H26NO7S (M+H)
+
: 

424.1424, Found: 424.1416; 96% ee as determined by HPLC (Chiralcel IB, 90:10 

hexanes/i-PrOH, 1.0 mL/min), tr (major) = 16.6 min, tr (minor) = 19.9 min. 

 

Diethyl (R)-3-cyclohexyl-5-oxo-1-tosylpyrrolidine-2,2-dicarboxylate (3w): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:10) gave the 

product (67.9 mg, 73% yield) as a white solid: mp 99.8-103.6 ℃; [α]D 
25

 (c 0.523, 

CHCl3) = -52.6; 
1
H NMR (400 MHz, CDCl3) δ = 7.94 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 

8.0 Hz, 2H), 4.40-4.30 (m, 4H), 2.68-2.60 (m, 1H), 2.46 (dd, J = 16.8, 7.6 Hz, 1H), 

2.41 (s, 3H), 2.21 (dd, J = 16.8, 12.8 Hz, 1H), 2.08 (d, J = 12.4 Hz, 1H), 1.68-1.41 (m, 

5H), 1.34 (q, J = 6.8 Hz, 6H), 1.20-1.06 (m, 3H), 0.84 (qd, J = 12.0, 2.8 Hz, 2H); 
13

C 

NMR (100 MHz, CDCl3) δ = 172.1, 167.8, 165.7, 145.3, 135.4, 129.6, 129.1, 75.8, 

63.2, 62.8, 49.7, 38.7, 34.9, 31.3, 31.0, 26.0, 25.9, 25.7, 21.8, 14.1, 13.9; HRMS(ESI) 

calcd for C23H32NO7S (M+H)
+
: 466.1894, Found: 466.1985; 99% ee as determined by 

HPLC (Chiralcel IA, 90:10 hexanes/i-PrOH, 0.8 mL/min), tr (major) = 22.5 min, tr 

(minor) = 21.5 min. 
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Triethyl (S)-5-oxo-1-tosylpyrrolidine-2,2,3-tricarboxylate (3x): Flash column 

chromatography on silica gel (ethyl acetate/petroleum ether, 1:10) gave the product 

(57.4 mg, 63% yield) as a white solid: mp 177.2-179.3 ℃; [α]D 
25

 (c 0.243, CHCl3) = 

-123.5; 
1
H NMR (400 MHz, CDCl3) δ = 8.00 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 

2H), 4.47-4.29 (m, 4H), 4.17 (q, J = 7.2 Hz, 2H), 3.69 (dd, J = 11.2, 8.0 Hz, 1H), 2.79 

(dd, J = 17.2, 10.8 Hz, 1H), 2.53 (dd, J = 17.6, 8.0 Hz, 1H), 2.41 (s, 3H), 1.38 (t, J = 

7.2 Hz, 3H), 1.33 (t, J = 7.2 Hz, 3H), 1.23 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, 

CDCl3) δ = 170.2, 167.8, 166.6, 165.5, 145.5, 135.3, 129.8, 129.3, 74.9, 63.8, 63.6, 

62.0, 47.1, 32.6, 21.8, 14.0, 13.9, 13.9; HRMS(ESI) calcd for C20H25NNaO9S 

(M+Na)
+
: 478.1142, Found: 478.1134; 99% ee as determined by HPLC (Chiralcel 

ODH, 85:15 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 14.3 min, tr (minor) = 17.9 

min. 

 

Dibenzyl (R)-5-oxo-3-phenyl-1-tosylpyrrolidine-2,2-dicarboxylate (3y): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:3) gave the 

product (72.3 mg, 62% yield) as a white solid: mp 104.8-106.6 ℃;
 
[α]D 

25
 (c 0.258, 

CHCl3) = -94.2; 
1
H NMR (400 MHz, CDCl3) δ = 7.98 (d, J = 8.0 Hz, 2H), 7.35-7.19 

(m, 11H), 7.12 (t, J = 7.2 Hz, 2H), 7.02 (d, J = 6.4 Hz, 2H), 6.87 (d, J = 7.6 Hz, 2H), 

5.36 (dd, J = 28.8, 12.0 Hz, 2H), 4.93 (d, J = 12.4 Hz, 1H), 4.71 (d, J = 12.4 Hz, 1H), 

3.97 (t, J = 8.8 Hz, 1H), 2.88 (dd, J = 17.2, 9.6 Hz, 1H), 2.77 (dd, J = 17.2, 8.8 Hz, 

1H), 2.42 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 172.1, 167.1, 165.2, 145.5, 135.1, 

134.7, 134.6, 134.4, 130.1, 129.9, 129.1, 128.9, 128.8, 128.7, 128.6, 128.5, 128.4, 

128.3, 127.4, 68.9, 68.4, 58.8, 47.2, 36.2, 21.9; HRMS(ESI) calcd for C33H29NNaO7S 

(M+Na)
+
: 606.1557, Found: 606.1548; 91% ee as determined by HPLC (Chiralcel 

ASH, 85:15 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 32.4 min, tr (minor) = 45.8 

min. 
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Dimethyl (R)-5-oxo-3-phenyl-1-tosylpyrrolidine-2,2-dicarboxylate (3z): Flash 

column chromatography on silica gel (ethyl acetate/petroleum ether, 1:3) gave the 

product (73.3 mg, 85% yield) as a white solid: mp 185.4-186.9 ℃;
 
[α]D 

25
 (c 0.183, 

CHCl3) = -73.2; 
1
H NMR (400 MHz, CDCl3) δ = 8.04 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 

8.4 Hz, 2H),7.31-729 (m, 3H), 7.09-7.07 (m, 2H), 4.03 (t, J = 8.8 Hz, 1H), 3.95 (s, 

3H), 3.40 (s, 3H), 2.95-2.84 (m, 2H), 2.44 (s, 3H); HRMS(ESI) calcd for C21H22NO7S 

(M+H)
+
: 432.1111, Found: 432.1097; 90% ee as determined by HPLC (Chiralcel AD, 

70:30 hexanes/i-PrOH, 0.5 mL/min), tr (major) = 14.4 min, tr (minor) = 34.0 min. 

 

Diethyl (R)-1-((4-nitrophenyl)sulfonyl)-5-oxo-3-phenylpyrrolidine-2,2-dicarboxy 

late (3aa): Flash column chromatography on silica gel (ethyl acetate/petroleum ether, 

1:5) gave the product (87.3 mg, 89% yield) as a white solid: mp 166.7-169.8 ℃;
 
[α]D 

25
 (c 0.284, CHCl3) = -114.4; 

1
H NMR (400 MHz, CDCl3) δ = 8.43-8.36 (m, 4H), 

7.33-7.27 (m, 3H), 7.10-7.07 (m, 2H), 4.44 (q, J = 7.2 Hz, 2H), 4.08 (t, J = 8.4 Hz, 

1H), 3.98-3.90 (m, 1H), 3.83-3.75 (m, 1H), 2.97-2.85 (m, 2H), 1.40 (t, J = 6.8 Hz, 

3H), 0.963 (t, J = 6.8 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 172.4, 167.2, 165.1, 

150.9, 143.7, 135.4, 131.6, 129.0, 128.8, 128.4, 123.6, 78.0, 63.7, 63.1, 46.8, 36.5, 

14.1, 13.6; HRMS(ESI) calcd for C22H23N2O9S  (M+H)
+
: 491.1124, Found: 

491.1131; 94% ee as determined by HPLC (Chiralcel ADH, 90:10 hexanes/i-PrOH, 

1.0 mL/min), tr (major) = 57.5 min, tr (minor) = 45.9 min. 

 

Ethyl (3R)-2-(but-3-enoyl)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-5-oxo-1-tosyl 

pyrrolidine-2-carboxylate (3ab): Flash column chromatography on silica gel (ethyl 

acetate/petroleum ether, 1:5) gave the product (93.6 mg, 80% yield) as a colorless oil;
 

[α]D 
25

 (c 0.167, CHCl3) = -22.1; 
1
H NMR (400 MHz, CDCl3) δ = 8.05 (d, J = 2.0 Hz, 

2H), 7.30 (d, J = 2.0 Hz, 2H), 6.71 (d, J = 5.6 Hz, 1H), 6.63-6.59 (m, 1H), 6.51 (d, J = 

2.4 Hz, 1H), 5.62-5.52 (m, 1H), 5.33-5.29 (m, 1H), 5.19-5.11 (m, 1H), 4.86-4.82 (m, 

1H), 4.46-4.40 (m, 2H), 4.01-3.97 (m, 2H), 3.86-3.81 (m, 1H), 3.79 (s, 3H), 2.97-2.87 

(m, 1H), 2.82-2.74 (m, 1H), 2.43 (s, 3H), 1.79-1.74 (m, 6H), 1.55-1.51 (m, 2H), 1.39 

(t, J = 6.8 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ = 172.6, 167.2, 165.0, 150.2, 

147.7, 145.3, 135.5, 130.9, 130.1, 129.1, 128.0, 120.7, 118.9, 114.5, 111.4, 80.5, 77.7, 

67.6, 67.1, 63.4, 62.7, 56.1, 46.6, 37.0, 32.9, 24.3, 24.2, 21.8, 14.1, 13.7; HRMS(ESI) 

calcd for C30H36NO9S (M+H)
+
: 586.2105, Found: 586.2115; 89% ee as determined by 
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HPLC (Chiralcel ASH, 98:2 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 62.2 min, tr 

(minor) = 5.8 min. 

 

Ethyl (2S, 3R)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-5-oxo-1-tosylpyrrolidine- 

2-carboxylate (4):  Flash column chromatography on silica gel (ethyl 

acetate/petroleum ether, 1:3) gave the product (48.2 mg, 60% yield) as a colorless oil;
 

[α]D 
25

 (c 0.173, CHCl3) = +63.4; 
1
H NMR (400 MHz, CDCl3) δ = 7.95-7.91 (m, 2H), 

7.33-7.30 (m, 2H), 6.78-6.74 (m, 1H), 6.65-6.62 (m, 2H), 4.77 (q, J = 2.8 Hz, 1H), 

4.66-4.62 (m, 1H), 4.35-4.21 (m, 2H), 3.82 (t, J = 2.8 Hz, 3H), 3.45 (dt, J = 8.8, 3.2 

Hz, 1H), 3.01-2.93 (m, 1H), 2.56-2.49 (m, 1H), 2.44 (t, J = 2.8 Hz, 3H), 1.89-1.80 (m, 

6H), 1.60-1.56 (m, 2H), 1.51 (dt, J = 6.8, 3.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 

= 172.2, 170.3, 149.7, 148.3, 145.5, 134.9, 133.3, 129.5, 129.1, 118.4, 112.3, 112.2, 

80.5, 67.2, 62.4, 56.2, 41.2, 38.6, 32.9, 32.8, 24.2, 21.9, 14.2; HRMS(ESI) calcd for 

C26H32NO7S (M+H)
+
: 502.1894, Found: 502.1895; 90% ee as determined by HPLC 

(Chiralcel ODH, 80:20 hexanes/i-PrOH, 1.0 mL/min), tr (major) = 12.5 min, tr (minor) 

= 15.9 min. 

 

Ethyl (2S, 3R)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-5-oxopyrrolidine-2-carb 

oxylate (5): Flash column chromatography on silica gel (ethyl acetate/petroleum ether, 

1:1) gave the product (25.0 mg, 75% yield) as a colorless oil;
 
[α]D 

25
 (c 0.150, CHCl3) 

= +74.0; 
1
H NMR (400 MHz, CDCl3) δ = 6.83-6.77 (m, 3H), 6.51 (br, 1H), 4.77-4.73 

(m, 1H), 4.24-4.14 (m, 3H), 3.82 (s, 3H), 3.65-3.59 (m, 1H), 2.83 (dd, J = 17.6, 9.6 

Hz, 1H), 2.49 (dd, J = 17.6, 6.8 Hz, 1H), 1.93-1.79 (m, 6H), 1.63-1.55 (m, 2H), 1.24 

(t, J = 7.2 Hz, 3H); HRMS(ESI) calcd for C19H26NO5 (M+H)
+
: 348.1805, Found: 

348.1813; 89% ee as determined by HPLC (Chiralcel ODH,80:20 hexanes/i-PrOH, 

1.0 mL/min), tr (major) = 9.2 min, tr (minor) = 11.0 min. 
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(5) Ⅳ: 
1
H, 

13
C NMR and HPLC dates of products   
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