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(A) General remarks 

1H NMR spectra were recorded on commercial instruments (400 MHz). Chemical 

shifts were recorded in ppm relative to tetramethylsilane and with the solvent 

resonance as the internal standard (CDCl3, δ = 7.262 ppm). Data were reported as 

follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, 

m = multiplet), coupling constants (Hz), integration. 13C NMR data were collected 

on commercial instruments (101 MHz) with complete proton decoupling. 

Chemical shifts were reported in ppm from the tetramethylsilane with the solvent 

resonance as internal standard (CDCl3, δ = 77.160 ppm). Enantiomeric excesses 

were determined by chiral HPLC analysis on Daicel Chiralcel ADH, IA, IB, IE at 23 

oC with UV detector at 254 nm in comparison with the authentic racemates. 

Optical rotations were reported as follows: [α]DT (c: g/100 mL, in CH2Cl2). HRMS 

were recorded on a commercial apparatus (ESI source). All the reactions were 

carried out under air condition. All the solvents were purified by usual methods 

before use. Molecular sieves were activated at 500 oC for 5 h before use. 

Chromatography: Qingdao Haiyang silica gel, HG/T2354-92, H CP. 

(B) General procedure for the synthesis of chiral N,N'-dioxides 

The N,N'-dioxide ligands were prepared by the similar procedure in the 

literatures1. 
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(C) General procedure for the synthesis of cyclic sulfur salts 9. 

9a and 9d were prepared by the similar procedure as following: 

dihydrothiophen-3(2H)-one (1.0 equiv) or 2-methyldihydrothiophen-3(2H)-one 

(1.0 equiv) was added dropwise to CH3I (2.0 equiv) with continuous stirring in 

the dark. When solid was precipitated, it was filtered, washed with petroleum 

ether, dried under vacuum and stored in nitrogen atmosphere at 0 °C. 

9b and 9c were prepared by the similar procedure as following: C2H5I (2.0 equiv) 

or (2-iodoethyl)benzene (2.0 equiv) was added dropwise to the 

dihydrothiophen-3(2H)-one (1.0 equiv) and AgOTf (1.2 equiv) solution of CH3CN 

with continuous stirring in the dark for 2 h at 0 °C. When solid was precipitated, 

it was filtered, washed with petroleum ether, dried under vacuum and stored in 

nitrogen atmosphere at 0 °C. 

 

(D) The analytical and spectral characterization data of cyclic sulfur salts 9  

1-Methyl-3-oxotetrahydro-1H-thiophen-1-ium iodide (9a), 

C5H9IOS. White solid, 1H NMR (400 MHz, d6-DMSO) δ 3.97 (dd, J = 23.2, 

17.8 Hz, 2H), 3.82 – 3.73 (m, 1H), 3.64 – 3.58 (m, 1H), 3.17 – 3.06 (m, 

1H), 2.97 (s, 3H), 2.88 – 2.81 (m, 1H). 

13C NMR (101 MHz, d6-DMSO) δ 205.9, 46.3, 36.3, 33.8, 24.2. 

HRMS (ESI-FT) calcd for C5H9OS+ ([M-I-]) = 117.0369, Found 117.0371. 

 

1-ethyl-3-oxotetrahydro-1H-thiophen-1-ium trifluoromethane- sulfonate 

(9b), C7H11F3O4S2. White solid, 1H NMR (400 MHz, d6-DMSO) 

δ 4.01 (q, J = 18.0 Hz, 2H), 3.82 – 3.62 (m, 2H), 3.44 – 3.38 (m, 

1H), 3.10 – 2.95 (m, 1H), 2.88 – 2.80 (m, 1H), 1.37 (t, J = 7.4 

Hz, 3H). 

13C NMR (101 MHz, d6-DMSO) δ 205.8, 43.8, 35.5, 34.4, 34.1, 9.4. 

19F NMR (376 MHz, d6-DMSO) δ -77.8. 

HRMS (ESI-FT) calcd for C6H11OS+ ([M-OTf-]) = 131.0525, Found 131.0525. 
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3-oxo-1-phenethyltetrahydro-1H-thiophen-1-ium trifluoromethane- 

sulfonate (9c), C13H15F3O4S2. White solid, 1H NMR (400 MHz, 

d6-DMSO) δ 7.91 – 6.93 (m, 5H), 4.06 (dd, J = 46.0, 18.0 Hz, 

2H), 3.90 – 3.52 (m, 4H), 3.23 – 2.96 (m, 3H), 2.89 – 2.81 (m, 

1H). 

13C NMR (101 MHz, d6-DMSO) δ 205.7, 137.4, 128.8, 128.7, 

127.2, 44.0, 41.7, 35.1, 34.1, 29.9. 

19F NMR (376 MHz, d6-DMSO) δ -77.8. 

HRMS (ESI-FT) calcd for C12H15OS+ ([M-OTf-]) = 207.0838, Found 207.0842. 

 

Sulfur salt 9d include three isomers, they are 

syn-1,2-dimethyl-3-oxotetrahydro-1H-thio

phen-1-ium, 

anti-1,2-dimethyl-3-oxotetrahydro-1H-thio

phen-1-ium and 4-hydroxy-1,5-dimethyl-2,3-dihydro-1H-thiophen-1-ium 

iodide, (syn: anti: enolate = 1:1.34: 0.66), C6H11IOS. 1H NMR (400 MHz, d6-DMSO) 

δ 11.22 (s, 0.66H, enolate), 4.48 (q, J = 7.2 Hz, 0.44H, anti), 4.20 (q, J = 7.4 Hz, 

0.33H, syn), 3.95 – 3.62 (m, 1.54H), 3.59 – 3.42 (m, 0.77H), 3.29 – 3.14 (m, 0.66H), 

3.11 (s, 1H), 3.09 – 2.98 (m, 1H), 2.97 – 2.90 (m, 0.66H), 2.88 (s, 0.66H), 2.80 (s, 

1.34H), 1.85 (s, 0.66H, enolate), 1.54 (d, J = 7.6 Hz, 1H, syn), 1.42 (d, J = 7.2 Hz, 

1.34H, anti). 

13C NMR (101 MHz, d6-DMSO) δ 207.1, 163.0, 92.4, 56.3, 53.4, 34.4, 34.0, 33.8, 

32.4, 31.1, 27.4, 25.5, 17.3, 13.2, 9.0, 8.7. 

HRMS (ESI-FT) calcd for C6H11OS+ ([M-I-]) = 131.0525, Found 131.0529. 
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(E) General procedure for the catalytic asymmetric reaction of 10a with 9a. 

Preparation of the catalyst: A dry reaction tube was charged with L2-PiPr3 (0.1 

mmol, 71.9 mg) and Mg(OTf)2 (0.1 mmol, 32.2 mg) under N2 atmosphere. Then, 

CHCl3 (3.0 mL) was added and the resulting solution was stirred at 35 °C for 2 h. 

Then, removing the solvent under vacuo obtained colorless powder, which was 

keeped under N2 atmosphere. Other catalysts were prepared by the similar 

procedure. 

General procedure: To an oven-dried tube was charged with 

L2-PiPr3/Mg(OTf)2 (prep., 1:1, 2 mol %), 10a (0.1 mmol, 30.3 mg), 9a (0.11 

mmol, 24.4 mg), 3 Å MS 20.0 mg, K2CO3 (0.11 mmol, 15.2 mg) and CHCl3 (0.5 mL), 

the reaction mixture was stirred at 35 °C for 4 h under air atmosphere. The 

reaction mixture was then purified directly by flash column chromatography 

(ethyl acetate/petroleum ether = 1:9 – 1:4) to afford the corresponding product 

11aa (96% yield). 

 

(F) General procedure for the catalytic asymmetric reaction of 13a with 9a. 
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General procedure for condition A: To an oven-dried tube was charged with 

L4-PiPr3/Mg(OTf)2 (prep. 1:1, 2 mol %), 13a (0.1 mmol, 32.1 mg), 9a (0.12 mmol, 

26.9 mg), 3 Å MS 20.0 mg, K2CO3 (0.12 mmol, 16.6 mg) and CHCl3 (0.5 mL), the 

reaction mixture was stirred at 35 °C for 17 h under air condition. The reaction 

mixture was then purified directly by flash column chromatography (ethyl 

acetate/petroleum ether = 1:9) to afford the major product (syn,anti)-14aa. 

General procedure for condition B: To an oven-dried tube was charged with 

L2-PiEt2/Mg(OTf)2 (prep. 1:1, 2 mol %), 13a (0.1 mmol), 9a (0.11 mmol, 24.4 

mg), 3 Å MS 20.0 mg, K2CO3 (0.11 mmol, 15.2 mg) and CHCl3 (0.5 mL), the 

reaction mixture was stirred at 35 °C for 17 h under air condition. The reaction 

mixture was then purified directly by flash column chromatography (ethyl 

acetate/petroleum ether = 1:9) to afford the major product (anti,anti)-14aa. 

General procedure for condition C: To an oven-dried tube was charged with 

L4-RaPr2/Mg(OTf)2 (prep. 1:1, 2 mol %), 15a (0.1 mmol), 9a (0.15 mmol, 33.6 

mg), 3 Å MS 20.0 mg, K2CO3 (0.15 mmol, 20.7 mg) and CHCl3 (0.5 mL), the 

reaction mixture was stirred at 35 °C for 17 h under air condition. The reaction 

mixture was then purified directly by flash column chromatography (ethyl 

acetate/petroleum ether = 1:9) to afford the major product (anti,syn)-14aa. 

(G) Experimental procedure for the scale-up reaction 

 

General procedure: To an oven-dried flask was charged with 

L2-PiPr3/Mg(OTf)2 (prep., 1:1, 2 mol %, 83.4 mg), 10f (4 mmol, 1.333 g), 9a (4.4 

mmol, 1.074 mg), 3Å MS (800 mg), K2CO3 (4.4 mmol, 669 mg) and CHCl3 (20.0 

mL), the reaction mixture was stirred at 35 °C for 23 h under air atmosphere. 

The reaction mixture was then purified directly by flash column chromatography 

(ethyl acetate/petroleum ether = 1:9 – 1:4) to afford the corresponding product 
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11fa (38% yield, 81/19 dr, 88% ee) and recycled starting material 10f (37% 

yield).  

Note: We assumed that the bad results for the scale-up reaction mainly resulted 

from the low solubility of substrate 9a, 3Å MS, and K2CO3 in chloroform, which 

caused a heterogeneous system under reaction conditions. As you shown above, 

the yield did not improve although we extended the reaction time from 4 h to 23 

h. 

 (H) Experimental procedure for the transformation of 11ia. 

 

To an oven-dried reaction tube was added 11ia (99.6 mg, 0.20 mmol) and CH2Cl2 

(2.0 mL). The mixture was cool to 0 oC, then m-CPBA (3.0 equiv, 0.6 mmol, 103.6 

mg) was added. The reaction mixture was stirred at 0 oC for 30 min, and purified 

directly by flash column chromatography (ethyl acetate/dichloromethane = 1:1) 

to afford the desired product (106.0 mg, 99% yield, 97/3 dr, 93% ee). The 

absolute configuration of 12 was determined to be (1S,2R,3R) by X-ray 

crystallographic analysis (CCDC 1841132). The supplementary crystallographic 

data can be obtained free of charge from The Cambridge Crystallographic Data 

Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 

(I) Optimization of reaction conditions 

 

Table 1: Screening of ligand and metal salt.a 

 

Entry Ligand Metal Yield (%)b d.r. (%)c ee (%)d 

1  L-PiPr2 Mg(OTf)2 87 71/29 90 

https://www.ccdc.cam.ac.uk/mystructures/viewinaccessstructures?structureId=1ca5bf8f-aa4e-e811-93f0-00505686f06e
http://www.ccdc.cam.ac.uk/data_request/cif
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2  L-RaPr2 Mg(OTf)2 97 50/50 70 

3  L-PrPr2 Mg(OTf)2 85 76/24 75 

4  L-PiPr3 Mg(OTf)2 85 78/22 95 

5  L-PiEt2 Mg(OTf)2 88 65/35 90 

6  L-PiBn Mg(OTf)2 85 92/8 66 

7  L-PicH  Mg(OTf)2 90 94/6 64 

8  L-PiAd  Mg(OTf)2 84 93/7 40 

9  L-PimtBu2 Mg(OTf)2 77 88/12 -32 

12  L-PipMeO Mg(OTf)2 81 94/6 35 

13  L2-PiPr3 Mg(OTf)2 79 93/7 88 

14  L2-PiPr2 Mg(OTf)2 78 94/6 86 

15 L2-PiPr3 Ni(OTf)2 89 84/16 88 

16 L2-PiPr3 Mg(NTf2)2 87 91/9 80 

a Unless otherwise noted, all reactions were performed with L-M (1:1, 10 mol %), 10a (0.1 mmol, 30.3 mg) 

9a (0.1 mmol, 22.4 mg), K2CO3 (0.11 mmol, 15.2 mg) in DCE (0.5 mL) under N2 at 35 oC for 14 h. bTotal yield，

the syn,anti isomer couldn’t be isolated with other diastereoisomers. c d.r. is the ratio of syn,anti/other 

diastereoisomers, determined by chiral HPLC analysis. d ee for syn,anti isomer, determined by chiral HPLC 

analysis.  

 

Table 2: Screening of base. a 

 

Entry Base Yield (%)b d.r. (%)c ee (%)d 

1  Na2CO3 18 52/48 60 

2  Cs2CO3 79 93/8 72 

3  DABCO Mess nd nd 

4  DMAP Mess nd nd 

5  K3PO4•7H2O Mess nd nd 

6  Na3PO4•12H2O Mess nd nd 

a Unless otherwise noted, all reactions were performed with L2-PiP3-Mg(OTf)2 (1:1, 10 mol %), 10a (0.1 

mmol, 30.3 mg) 9a (0.1 mmol, 22.4 mg), Base (0.11 mmol) in DCE (0.5 mL) under N2 at 35 oC for 14 h. b Total 
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yield ， the syn,anti isomer couldn’t be isolated with other diastereoisomers. c d.r. is the ratio of 

syn,anti/diastereoisomers, determined by chiral HPLC analysis. d ee for syn,anti isomer, determined by chiral 

HPLC analysis. 

 

Table 3: Screening of solvent. [a] 

 

Entry Solvent Yield (%)b d.r. (%)c ee (%)d 

1[e] DCE 82 85/15 88 

2 CHCl3 90 90/10 90 

3 TCE 90 90/10 90 

4 THF 85 93/7 11 

5 EA 77 93/7 35 

6 DCM 79 96/4 81 

a Unless otherwise noted, all reactions were performed with L2-PiP3-Mg(OTf)2 (1:1, 10 mol %), 10a (0.1 

mmol, 30.3 mg) 9a (0.1 mmol, 22.4 mg), K2CO3 (0.11 mmol, 15.2 mg) in solvent (0.5 mL) under N2 at 35 oC for 

14 h. b Total yield，the syn,anti isomer couldn’t be isolated with other diastereoisomers. c d.r. is the ratio of  

syn,anti/diastereoisomers, determined by chiral HPLC analysis. d ee for syn,anti isomer, determined by chiral 

HPLC analysis. e 1.0 mL of DCE was used. 

 

Table 4: Screening of additive. a 

 

Entry Additive Yield (%)b d.r. (%)c ee (%)d 

1 none 85 91/9 91 

2 3 Å MS (20.0 mg) 77 91/9 92 

3 4 Å MS (20.0 mg) 58 89/11 86 

4 5 Å MS (20.0 mg) 42 91/9 83 

5 NaBArF4 (8.9 mg) 93 90/10 88 

a Unless otherwise noted, all reactions were performed with L2-PiP3-Mg(OTf)2 (1:1, 10 mol %), 10a (0.1 
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mmol, 30.3 mg), 9a (0.11 mmol, 26.8 mg), additive and K2CO3 (0.11 mmol, 15.2 mg) in CHCl3 (0.5 mL) under 

N2 at 35 oC for 4 h. bTotal yield, the syn-anti isomer couldn’t be isolated with other diastereoisomers. c d.r. is the 

ratio of syn,anti/diastereoisomers, determined by chiral HPLC analysis. d ee for Syn,anti isomer, determined 

by chiral HPLC analysis. 

 

Table 5: The screen of catalyst loading. [a] 

 

Entry x Additive Yield (%)b d.r. (%)c ee (%)d 

1 10 none 85 90/10 91 

2 5 none 93 93/7 92 

3 2 none 80 95/5 75 

4 1 none 76 95/5 60 

5e 5 none 88 91/9 92 

6e 5 3 Å MS (20 mg) 99 90/10 92 

7e 2 3 Å MS (20 mg) 96 93/7 92 

8e 1 3 Å MS (20 mg) 84 92/8 86 

9e,f 1 3 Å MS (20 mg) 97 88/12 93 

10e,g 2 3 Å MS (20 mg) 96 93/7 92 

a Unless otherwise noted, all reactions were performed with L2-PiP3-Mg(OTf)2 (1:1, x mol %), 10a (0.1 mmol, 

30.3 mg), 9a (0.11 mmol, 26.8 mg), additive and K2CO3 (0.11 mmol, 15.2 mg) in CHCl3 (0.5 mL) under N2 at 35 

oC for 4 h. b Total yield, the syn-anti isomer couldn’t be isolated with other diastereoisomers. c d.r. is the ratio of 

syn,anti/diastereoisomers, determined by chiral HPLC analysis. d ee for syn,anti isomer, determined by chiral 

HPLC analysis. e the catalyst was prepared in CHCl3 before used, and catalyst, 10a, 9a, additive and K2CO3 

were weighed to reactor, then CHCl3 was added. f at 45 oC for 7 h. g air condition. 

 

Table 6: Optimization of reaction conditions for 13a reacting with 9a.a 
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entry cat (prep.) 
[(anti,syn)+(anti,anti)]-14aa (syn,anti)-14aa 

yield (%)b d.r. (%)c ee (%)c yield (%)e ee (%)c 

1 L2-PiPr2/Mg(OTf)2 52 74/26 -47 34 97 

2 L2-PiEt2/Mg(OTf)2 67 9/91 67 19 90 

3 L2-PiMe2/Mg(OTf)2 64 4/96 60 11 88 

4 L2-PiPh/Mg(OTf)2 66 3/97 <5 6 61 

5 L-PiEt3/Mg(OTf)2 27 23/77 -54 36 99 

6 L-PiEt2Me/Mg(OTf)2 32 26/74 -57 49 98 

7 L-PiMe3/Mg(OTf)2 56 11/89 -29 14 96 

8 L-PiMe2tBu/Mg(OTf)2 58 10/90 <5 15 95 

9 L-PiBu2/Mg(OTf)2 23 7/93 <5 <5 Nd 

10 L-PiPr3/Mg(OTf)2 37 53/47 99 51 98 

11 L4-PiPr3/Mg(OTf)2 47 83/17 98 48 99 

12 L-RaEt2Me/Mg(OTf)2 49 80/20 98 34 99 

13 L-RaPr2/Mg(OTf)2 46 81/9 98 33 98 

14 L-RaPh/Mg(OTf)2 21 14/86 47 6 93 

15 L-RacP/Mg(OTf)2 12 6/94 43 8 90 

16 L2-RaPr3/Mg(OTf)2 26 6/94 18 6 94 

17 L3-RaPr3/Mg(OTf)2 51 81/19 98 42 99 

18 L4-RaPr2/Mg(OTf)2 77 90/10 99 19 99 

a Unless otherwise noted, all reactions were performed with cat. (prep. 1:1, 2 mol %), 13a (0.10 mmol), 9a 

(0.11 mmol), 1.1 equiv of K2CO3 in CHCl3 (0.5 mL) under air condition at 35 oC for 17 h. b The isolated total 

yield of anti,anti and anti,syn isomers. c Ratio of (anti,anti)/(anti,syn). d Isolated yield of syn,anti isomer. 

 

(J) The analytical and spectral characterization data of products  

1'-(Tert-butyl) 2-methyl (1S,2R,3R)-3-[3-(methylthio)-propanoyl]- 

2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11aa) 

White solid, m.p. 30 – 34 °C, 40.2 mg, 96% yield, 92/8 d.r. 

(determined by 1H NMR), 92% ee. [α]27D = -214.0 (c = 0.60 

in CH2Cl2). 

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 90/10, flow rate = 1.0 

mL/min, λ = 254 nm, tR (minor) = 7.61 min, tR (major) = 12.09 min. 
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1H NMR (400 MHz, CDCl3) δ 7.91 – 7.82 (m, 1H), 7.34 – 7.28 (m, 1H), 7.16 – 7.05 

(m, 2H), 3.75 (s, 2.76H), 3.72 (s, 0.12H), 3.68 (s, 0.12H), 3.51 (d, J = 8.0 Hz, 1H), 

3.39 (d, J = 8.0 Hz, 1H), 2.95 – 2.85 (m, 1H), 2.71 – 2.52 (m, 3H), 2.07 (s, 0.12H), 

2.05 (s, 0.12H), 1.99 (s, 2.76H), 1.68 (s, 0.72H), 1.64 (s, 8.28H). 

13C NMR (101 MHz, CDCl3) δ 200.2, 170.5, 166.1, 148.9, 140.3, 129.0, 124.6, 

122.8, 122.4, 115.1, 85.1, 52.9, 44.4, 43.1, 39.7, 35.5, 28.2, 27.4, 15.8. 

HRMS (ESI-FT) calcd for C21H25NaNO6S+ ([M+Na+]) = 442.1295, Found 442.1295. 
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1'-(Tert-butyl) 2-methyl (1S,2R,3R)-5'-fluoro-3-[3-(methylthio)-propanoyl]- 

2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11ba) 

White solid, m.p. 72 – 76 °C, 35.1 mg, 80% yield, 98/2 d.r. 

(determined by 1H NMR), 92% ee. [α]25D = -195.6 (c = 0.59 

in CH2Cl2). 

HPLC DAICEL CHIRALCEL IE, n-hexane/2-propanol = 80/20, flow rate = 1.0 



 

S14 
 

mL/min, λ = 254 nm, tR (major) = 9.49 min, tR (minor) = 12.36 min. 

1H NMR (400 MHz, CDCl3) δ 7.87 – 7.83 (m, 1H), 7.03 – 6.98 (m, 1H), 6.95 – 6.92 

(m, 1H), 3.75 (s, 2.91H), 3.71 (s, 0.09), 3.51 (d, J = 8.0 Hz, 1H), 3.35 (d, J = 7.6 Hz, 

1H), 2.98 – 2.89 (m, 1H), 2.76 – 2.56 (m, 3H), 2.06 (s, 0.09), 2.01 (s, 2.91H), 1.62 

(s, 9H). 

13C NMR (101 MHz, CDCl3) δ 200.1, 170.1, 165.8, 161.0, 158.5, 148.8, 136.3 (d, J = 

2.0 Hz), 124.7 (d, J = 9.1 Hz), 116.4 (d, J = 8.1 Hz), 115.6, 115.4, 110.6, 110.3, 85.3, 

53.0, 44.5, 43.1, 39.7, 35.9, 28.2, 27.5, 15.8. 

19F NMR (376 MHz, CDCl3) δ -116.9. 

HRMS (ESI-FT) calcd for C21H24FKNO6S+ ([M+K+]) = 476.0940, Found 476.0939. 
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1'-(Tert-butyl) 2-methyl (1S,2R,3R)-5'-chloro-3-[3-(methylthio)-propanoyl]- 

2'-oxospiro(cyclopropane-1,3'- indoline)- 1',2-dicarboxylate (11ca) 

White solid, m.p. 90 – 92 °C, 42.8 mg, 94% yield, 95/5 d.r. 

(determined by 1H NMR), 88% ee. [α]27D = -150.1 (c = 

0.73 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 95/5, flow rate = 1.0 

mL/min, λ = 254 nm, tR (minor) = 11.17 min, tR (major) = 15.77 min. 

1H NMR (400 MHz, CDCl3) δ 7.83 - 7.81(m, 1H), 7.30 – 7.26 (m, 1H), 7.19 – 7.16 

(m, 1H), 3.74 (s, 3H), 3.51 (d, J = 8.0 Hz, 3H), 3.36 (d, J = 8.0 Hz, 3H), 2.98 – 2.88 

(m, 1H), 2.76 – 2.57 (m, 3H), 2.01 (s, 3H), 1.62 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 200.1, 169.8, 165.8, 148.7, 138.8, 130.2, 128.9, 

124.6, 122.9, 116.3, 85.4, 53.0, 44.5, 43.1, 39.5, 35.9, 28.2, 27.5, 15.8. 

HRMS (ESI-FT) calcd for C21H2435ClNaNO6S+ ([M+Na+]) = 476.0905, Found 

476.0905. C21H2437ClNaNO6S+ ([M+Na+]) = 478.0876, Found 478.0878. 

A
U

0.00

0.05

0.10

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00

1
0
.6

8
4

1
3
.1

9
5

1
5
.6

0
8

1
8
.4

5
3

 

 Retention Time Area % Area 

1 10.684 3985642 44.98 

2 13.195 614071 6.93 

3 15.608 4030159 45.48 

4 18.453 230916 2.61 

A
U

0.00

0.05

0.10

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00

1
1
.1

7
0

1
2
.9

6
3

1
5
.7

6
6

1
8
.6

7
7

 

 Retention Time Area % Area 

1 11.170 286582 5.59 

2 12.963 147587 2.88 

3 15.766 4515607 88.04 

4 18.677 179430 3.50 

 

 



 

S16 
 

1'-(Tert-butyl) 2-methyl (1S,2R,3R)-5'-bromo-3-[3-(methylthio)propanoyl]- 

2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11da) 

White solid, m.p. 60 – 64 °C, 45.5 mg, 91% yield, 94/6 d.r. 

(determined by 1H NMR), 91% ee. [α]27D = -132.5 (c = 0.83 

in CH2Cl2). 

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 95/5, flow rate = 1.0 

mL/min, λ = 254 nm, tR (minor) = 11.67 min, tR (major) = 16.88 min. 

1H NMR (400 MHz, CDCl3) δ 7.82 – 7.81 (m, 0.06H), 7.79 – 7.75 (m, 0.94H), 7.51 – 

7.50 (m, 0.06H), 7.45 – 7.42 (m, 0.94H), 7.38 – 7.37 (m, 0.06H), 7.35 –  7.30 (m, 

0.94H), 3.74 (s, 0.94H), 3.72 (s, 0.06H), 3.56 (d, J = 7.2 Hz, 0.06H), 3.50 (d, J = 8.0 

Hz, 0.94H), 3.36 (d, J = 8.0 Hz, 0.94H), 3.31 (d, J = 3.2 Hz, 0.06H), 2.99 – 2.88 (m, 

1H), 2.76 – 2.57 (m, 3H), 2.06 (s, 0.18H), 2.01 (s, 2.82H), 1.68 (s, 0.54H), 1.62 (s, 

8.46H). 

13C NMR (101 MHz, CDCl3) δ 200.1, 169.7, 165.8, 148.7, 139.3, 131.9, 125.7, 

124.9, 117.7, 116.7, 85.4, 53.0, 44.5, 43.2, 39.4, 35.9, 28.2, 27.5, 15.8. 

HRMS (ESI-FT) calcd for C21H2479BrKNO6S+ ([M+K+]) = 536.0139, Found 

536.0136. C21H2481BrKNO6S+ ([M+K+]) = 538.0119, Found 538.0115. 
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1'-(Tert-butyl) 2-methyl (1S,2R,3R)-5'-iodo-3-[3-(methylthio)propanoyl]- 

2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11ea) 

White solid, m.p. 84 – 88 °C, 51.8 mg, 95% yield, >99/1 d.r. 

(determined by 1H NMR), 90% ee. [α]27D = -92.4 (c =1.07 

in CH2Cl2). 

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 95/5, flow rate = 1.0 

mL/min, λ = 254 nm, tR (minor) = 13.12 min, tR (major) = 20.64 min. 

1H NMR (400 MHz, CDCl3) δ 7.68 – 7.60 (m, 1H), 7.49 – 7.41 (s, 1H), 3.74 (s, 3H), 

3.49 (d, J = 7.6 Hz, 1H), 3.35 (d, J = 7.6 Hz, 1H), 2.98 – 2.89 (m, 1H), 2.75 – 2.58 (m, 

3H), 2.01 (s, 3H), 1.62 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 200.0, 169.6, 165.8, 148.6, 140.0, 137.9, 131.3, 

125.1, 117.0, 88.0, 85.4, 53.0, 44.4, 43.2, 39.1, 35.8, 28.2, 27.5, 15.8. 

HRMS (ESI-FT) calcd for C21H24INaNO6S+ ([M+Na+]) = 568.0261, Found 

568.0264. 
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1'-(Tert-butyl) 2-methyl (1S,2R,3R)-5'-methoxy-3-[3-(methylthio)pro- 

panoyl]-2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11fa) 

White solid, m.p. 82 – 86 °C, 43.2 mg, 96% yield, 96/4 

d.r. (determined by 1H NMR), 92% ee. [α]27D = -195.1 (c 

= 0.69 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IE, n-hexane/2-propanol = 80/20, flow rate = 1.0 

mL/min, λ = 254 nm, tR (major) = 16.61 min, tR (minor) = 18.35 min. 

1H NMR (400 MHz, CDCl3) δ 7.83 – 7.71 (m, 1H), 6.95 – 6.93 (m, 0.04H), 6.88 – 

6.80 (m, 1H), 6.77 – 6.60 (m, 0.96H), 3.77 (s, 3H), 3.74 (s, 2.88H), 3.69 (s, 0.12H), 

3.56 (s, 0.04H), 3.50 (d, J = 8.0 Hz, 0.96H), 3.41 (s, 1H), 3.36 (d, J = 8.0 Hz, 0.96H), 

2.96 – 2.87 (m, 1H), 2.72 – 2.55 (m, 3H), 2.04 (s, 0.12H), 1.99 (s, 2.88H), 1.71 (s, 

0.36H), 1.62 (s, 8.64H). 

13C NMR (101 MHz, CDCl3) δ 200.2, 170.6, 166.1, 156.8, 148.9, 133.6, 124.0, 

116.1, 114.4, 108.1, 84.8, 55.8, 52.9, 44.3, 43.1, 39.9, 35.5, 28.2, 27.4, 15.7. 

HRMS (ESI-FT) calcd for C22H27NNaO7S+ ([M+Na+]) = 472.1400, Found 472.1402.  
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1'-(Tert-butyl) 2-methyl (1S,2R,3R)-6'-fluoro-3-(3-(methylthio)propanoyl)- 

2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11ga) 

Pale yellow solid, m.p. 36 – 40 °C, 39.8 mg, 91% yield, 93/7 

d.r. (determined by 1H NMR), 93% ee. [α]27D = -194.9 (c = 

0.64 in CH2Cl2). 

HPLC DAICEL CHIRALCEL ADH, n-hexane/2-propanol = 90/10, flow rate = 1.0 

mL/min, λ = 254 nm, tR (major) = 9.92 min, tR (minor) = 10.63 min. 

1H NMR (400 MHz, CDCl3) δ 7.68 – 7.64 (m, 1H), 7.14 – 7.10 (m, 1H), 6.83 – 6.77 

(m, 1H), 3.75 (s, 3H), 3.49 (d, J = 8.0 Hz, 1H), 3.36 (d, J = 7.6 Hz, 1H), 2.96 – 2.88 

(m, 1H), 2.73 – 2.53 (m, 3H), 2.00 (s, 3H), 1.63 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 200.3, 170.4, 166.0, 164.3, 161.8, 148.6, 141.38 (d, J 

= 12.1 Hz), 123.79 (d, J = 10.1 Hz), 118.27 (d, J = 2.0 Hz), 111.3, 111.1, 104.2, 

103.9, 85.6, 53.0, 44.4, 43.0, 39.6, 35.5, 28.1, 27.5, 15.8. 

19F NMR (376 MHz, CDCl3) δ -109.9. 

HRMS (ESI-FT) calcd for C21H24FNaNO6S+ ([M+Na+]) = 460.1201, Found 

460.1210. 
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1'-(Tert-butyl) 2-methyl (1S,2R,3R)-6'-chloro-3-[3-(methylthio)propanoyl]- 

2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11ha) 

Pale yellow solid, m.p. 38 – 42 °C, 45.0 mg, 99% yield, 

95/5 d.r. (determined by 1H NMR), 88% ee. [α]27D = 

-173.9 (c = 0.88 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 95/5, flow rate = 1.0 

mL/min, λ = 254 nm, tR (minor) = 12.11 min, tR (major) = 21.79 min. 

1H NMR (400 MHz, CDCl3) δ 8.01 – 7.87 (m, 1H), 7.15 – 7.03 (m, 2H), 3.75 (s, 

2.85H), 3.72 (s, 0.09H), 3.69 (s, 0.06H), 3.56 (s, 0.05H), 3.50 (d, J = 7.6 Hz, 0.95H), 

3.37 (d, J = 8.0 Hz, 0.95H), 3.32 (s, 0.05H), 2.97 – 2.87 (m, 1H), 2.74 – 2.54 (m, 3H), 

2.06 (s, 0.06H), 2.05 (s, 0.09H), 2.00 (s, 2.85H), 1.66 (s, 0.45H), 1.63 (s, 8.55H). 

13C NMR (101 MHz, CDCl3) δ 200.2, 1701, 165.9, 148.6, 141.1, 134.9, 124.6, 123.5, 

121.2, 115.9, 85.6, 53.0, 44.4, 43.1, 39.6, 35.7, 28.1, 27.5, 15.8. 

HRMS (ESI-FT) calcd for C21H2435ClNaNO6S+ ([M+Na+]) = 476.0905, Found 

476.0901. C21H2437ClNaNO6S+ ([M+Na+]) = 478.0876, Found 478.0870. 
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1'-(Tert-butyl) 2-methyl (1S,2R,3R)-6'-bromo-3-[3-(methylthio)propanoyl]- 

2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11ia) 

White solid, m.p. 44 – 46 °C, 48.4 mg, 97% yield, 96/4 d.r. 

(determined by 1H NMR), 92% ee. [α]27D = -177.1 (c = 

0.80 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IE, n-hexane/2-propanol = 90/10, flow rate = 1.0 

mL/min, λ = 254 nm, tR (major) = 18.36 min, tR (minor) = 19.74 min. 

1H NMR (400 MHz, CDCl3) δ 8.20 – 8.03 (m, 1H), 7.32 – 7.20 (m, 1H), 7.13 – 7.10 

(m, 0.04H), 7.10 – 6.89 (m, 0.96H), 3.76 (s, 2.88H), 3.70 (s, 0.12H), 3.57 (d, J = 1.2 

Hz, 0.04H), 3.52 (d, J = 8.0 Hz, 0.96H), 3.45 (d, J = 1.2 Hz, 2H), 3.38 (d, J = 8.0 Hz, 

0.96H), 2.99 – 2.88 (m, 1H), 2.76 – 2.54 (m, 3H), 2.07 (s, 0.12H), 2.02 (s, 2.88H), 

1.68 (s, 0.36H), 1.64 (s, 8.64H). 

13C NMR (101 MHz, CDCl3) δ 200.2, 169.9, 165.8, 148.6, 141.2, 127.5, 123.8, 

122.8, 121.8, 118.6, 85.6, 53.0, 44.4, 43.1, 39.6, 35.6, 28.1, 27.5, 15.8. 

HRMS (ESI-FT) calcd for C21H2479BrKNO6S+ ([M+K+]) = 536.0139, Found 

536.0131. C21H2481BrKNO6S+ ([M+K+]) = 538.0119, Found 538.0106. 
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1'-(Tert-butyl) 2-methyl (1S,2R,3R)-6'-methyl-3-[3-(methylthio)propanoyl]- 

2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11ja) 

White solid, m.p. 34 – 38 °C, 41.9 mg, 97% yield, 96/4 d.r. 

(determined by 1H NMR), 88% ee. [α]27D = -209.7 (c = 0.65 

in CH2Cl2). 

HPLC DAICEL CHIRALCEL IE, n-hexane/2-propanol = 80/20, flow rate = 1.0 

mL/min, λ = 254 nm, tR (major) = 13.17 min, tR (minor) = 15.37 min. 

1H NMR (400 MHz, CDCl3) δ 7.78 – 7.70 (m, 1H), 7.22 – 7.19 (m, 0.04H), 7.12 – 

7.09 (m, 0.04H), 7.02 – 6.97 (m, 0.96H), 6.93 – 6.87 (m, 0.96H), 3.74 (s, 2.88H), 

3.68 (s, 0.12H), 3.55 (s, 0.04H), 3.48 (d, J = 7.6 Hz, 0.96H), 3.40 (s, 0.04H), 3.35 (d, 

J = 7.6 Hz, 0.96H), 2.97 – 2.86 (m, 1H), 2.69 – 2.52 (m, 3H), 2.39 (s, 0.12H), 2.36 (s, 

2.88H), 2.05 (s, 0.12H), 2.00 (s, 2.88H), 1.67 (s, 0.36H), 1.63 (s, 8.64H). 

13C NMR (101 MHz, CDCl3) δ 200.2, 170.8, 166.2, 149.1, 140.3, 139.3, 125.2, 

122.1, 119.8, 115.9, 85.0, 52.9, 52.8, 44.4, 43.0, 39.8, 35.3, 28.2, 27.4, 22.1, 15.8. 

HRMS (ESI-FT) calcd for C22H27NNaO6S+([M+Na+]) = 456.1451, Found 456.1459. 
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1'-(Tert-butyl) 2-methyl (1S,2R,3R)-6'-methoxy-3-[3-(methylthio)pro- 

panoyl]-2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11ka) 

Pale yellow oil, 40.0 mg, 89% yield, 97/3 d.r. (determined 

by 1H NMR), 97% ee. [α]26D = -193.8 (c = 0.64 in 

CH2Cl2). 

HPLC DAICEL CHIRALCEL IE, n-hexane/2-propanol = 90/10, flow rate = 1.0 

mL/min, λ = 254 nm, tR (major) = 30.89 min, tR (minor) = 38.01 min. 

1H NMR (400 MHz, CDCl3) δ 7.53 – 7.46 (m, 1H), 7.08 – 7.00 (m, 1H), 6.65 – 6.56 

(m, 1H), 3.81 (s, 3H), 3.74 (s, 3H), 3.55 (s, 0.03H), 3.46 (d, J = 8.0 Hz, 0.97H), 3.42 

(s, 0.03H), 3.32 (d, J = 8.0 Hz, 0.97H), 2.95 – 2.84 (m, 1H), 2.71 – 2.52 (m, 3H), 

2.06 (s, 0.12H), 2.00 (s, 2.88H), 1.63 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 200.4, 171.0, 166.3, 160.5, 148.8, 141.4, 123.2, 

114.5, 110.0, 102.2, 85.0, 55.7, 52.9, 44.4, 42.8, 39.8, 35.2, 28.2, 27.5, 15.8. 

HRMS (ESI-FT) calcd for C22H27NNaO7S+ ([M+Na+]) = 472.1400, Found 472.1401. 
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1'-(Tert-butyl) 2-methyl (1S,2R,3R)-5',6'-difluoro-3-[3-(methylthio)pro- 

panoyl]-2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11la) 

White solid, m.p. 34 – 38 °C, 41.8 mg, 92% yield, 97/3 d.r. 

(determined by 1H NMR), 90% ee. [α]27D = -188.0 (c = 

0.65 in CH2Cl2). 

HPLC DAICEL CHIRALCEL ADH, n-hexane/2-propanol = 90/10, flow rate = 1.0 

mL/min, λ = 254 nm, tR (major) = 6.38 min, tR (minor) = 7.47 min. 

1H NMR (400 MHz, CDCl3) δ 7.85 – 7.79 (m, 1H), 7.12 – 7.07 (m, 1H), 3.75 (s, 

2.91H), 3.72 (s, 0.09H), 3.56 (s, 0.03H), 3.49 (d, J = 8.0 Hz, 0.97H), 3.46 (s, 0.03H), 

3.33 (d, J = 7.6 Hz, 0.97H), 3.00 – 2.88 (m, 1H), 2.79 – 2.57 (m, 3H), 2.07 (s, 0.09H), 

2.02 (s, 2.91H), 1.62 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 200.4, 169.8, 165.7, 151.7 (d, J = 13.1 Hz), 149.2 (d, J 

= 13.1 Hz), 148.7 (d, J = 13.1 Hz), 148.5, 146.3 (d, J = 13.1 Hz), 136.4 (d, J = 3.0 Hz), 

136.3 (d, J = 3.0 Hz), 118.7, 112.4, 112.2, 106.0, 105.8, 85.7, 53.0, 44.5, 42.9, 39.5, 

36.0, 28.1, 27.5, 15.8. 

19F NMR (376 MHz, CDCl3) δ -134.6, -141.5. 

HRMS (ESI-FT) calcd for C21H23F2NaNO6S+ ([M+Na+]) = 478.1106, Found 

478.1107. 
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1 5.617 34827 0.71 

2 6.375 4531847 92.21 

3 7.469 216913 4.41 

4 10.133 131120 2.67 

 

1'-(Tert-butyl) 2-methyl (1S,2R,3R)-7'-fluoro-3-[3-(methylthio)propanoyl]- 

2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11ma) 

Pale yellow oil, 41.5 mg, 95% yield, 90/10 d.r. (determined 

by 1H NMR), 89% ee. [α]25D = -185.0 (c = 0.67 in CH2Cl2). 

HPLC DAICEL CHIRALCEL ADH, n-hexane/2-propanol = 

90/10, flow rate = 1.0 mL/min, λ = 254 nm, tR (minor) = 

11.56 min, tR (major) = 13.58 min. 

1H NMR (400 MHz, CDCl3) δ 7.36 – 7.29 (m, 0.10H), 7.18 – 7.15 (m, 0.10H), 7.12 – 

7.10 (m, 0.10H), 7.10 – 7.03 (m, 1.80H), 6.99 – 6.90 (m, 0.90H), 3.74 (s, 2.70H), 

3.70 (s, 0.30H), 3.53 (d, J = 8.0 Hz, 0.90H), 3.39 (d, J = 8.0 Hz, 0.90H), 3.34 (d, J = 

2.4 Hz, 0.10H), 3.00 – 2.85 (m, 1.10H), 2.78 – 2.54 (m, 3H), 2.06 (s, 0.30H), 2.00 (s, 

2.70H), 1.60 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 200.1, 167.0, 165.7, 149.9, 147.4, 147.2, 127.1 (d, J = 

10.1 Hz), 126.1 (d, J = 2.0 Hz), 125.6 (d, J = 7.1 Hz), 118.6 (d, J = 4.0 Hz), 117.4, 

117.2, 85.7, 53.0, 44.4, 43.1, 39.9, 35.9, 27.8, 27.5, 15.8. 

19F NMR (376 MHz, CDCl3) δ -119.86. 

HRMS (ESI-FT) calcd for C21H24FKNO6S+ ([M+K+]) = 476.0940, Found 476.0949. 
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 Retention Time Area % Area 

1 10.787 384420 2.70 

2 12.989 6746008 47.43 

3 14.182 419806 2.95 

4 15.706 6671824 46.91 
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 Retention Time Area % Area 

1 10.897 4413 0.21 

2 13.160 103516 4.97 

3 14.244 191738 9.21 

4 15.749 1782321 85.61 

 

1'-(Tert-butyl) 2-methyl (1S,2R,3R)-7'-methyl-3-(3-(methylthio)propanoyl)- 

2'-oxospiro[cyclopropane-1,3'-indoline]-1',2-dicarboxylate (11na) 

Pale yellow oil, 37.6 mg, 87% yield, 97/3 d.r. (determined 

by 1H NMR), 94% ee. [α]19D = -233.9 (c = 0.65 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IE, n-hexane/2-propanol = 

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

10.38 min, tR (minor) = 11.91 min. 

1H NMR (400 MHz, CDCl3) δ 7.15 – 7.08 (m, 1H), 7.04 – 6.89 (m, 2H), 3.73 (s, 

2.91H), 3.69 (s, 0.09H), 3.55 (s, 0.03H), 3.51 (d, J = 8.0 Hz, 0.97H), 3.42 (s, 0.03H), 

3.36 (d, J = 8.0 Hz, 0.97H), 2.95 – 2.86 (m, 1H), 2.74 – 2.63 (m, 2H), 2.61 – 2.52 (m, 

1H), 2.24 (s, 3H), 2.05 (s, 0.09H), 2.00 (s, 2.91H), 1.67 (s, 0.27H), 1.62 (s, 8.73H). 

13C NMR (101 MHz, CDCl3) δ 200.3, 171.2, 166.2, 149.0, 138.7, 132.0, 124.4, 

124.0, 123.6, 120.0, 85.4, 52.9, 44.3, 42.9, 39.9, 35.5, 27.9, 27.5, 19.6, 15.8. 

HRMS (ESI-FT) calcd for C22H27NKO6S+([M+K+]) = 472.1191, Found 472.1195. 
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 Retention Time Area % Area 

1 10.744 4595934 47.94 

2 12.263 4613251 48.12 

3 13.948 176721 1.84 

4 15.424 200908 2.10 
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1 10.377 10268781 93.60 

2 11.905 349627 3.19 

3 13.476 149537 1.36 

4 15.115 202934 1.85 

 

Tert-butyl (1S,2R,3R)-2-[3-(methylthio)propanoyl]-2'-oxo-3-(piperidine- 

1-carbonyl)spiro(cyclopropane-1,3'-indoline)-1'-carboxylate (11oa) 

Pale yellow oil, 16.0 mg, 34% yield, 99/1 d.r. 

(determined by 1H NMR), 96% ee. [α]27D = -151.0 (c = 

0.51 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IE, n-hexane/2-propanol = 

80/20, flow rate = 1.0 mL/min, λ = 254 nm, tR (major) = 33.60 min, tR (minor) = 

48.31 min. 

1H NMR (400 MHz, CDCl3) δ 7.1 – 7.86 (m, 1H), 7.35 – 7.30 (m, 1H), 7.14 – 7.09 

(m, 2H), 3.74 – 3.65 (m, 1H), 3.51 – 3.45 (m, 2H), 3.33 – 3.17 (m, 3H), 2.98 – 2.88 

(m, 1H), 2.81 – 2.70 (m, 3H), 2.06 (s, 3H), 1.63 (s, 9H), 1.55 – 1.32 (m, 6H). 

13C NMR (101 MHz, CDCl3) δ 199.4, 170.4, 162.6, 149.0, 140.0, 128.8, 124.7, 

124.0, 121.2, 115.1, 85.1, 46.8, 43.5, 43.2, 43.1, 38.3, 36.9, 28.2, 27.8, 26.2, 25.7, 

24.3, 15.8. 

HRMS (ESI-FT) calcd for C25H32N2NaO5S+([M+Na+]) = 495.1924, Found 495.1921. 
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 Retention Time Area % Area 

1 33.872 145736 0.52 

2 35.138 13459443 48.19 
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6 59.721 177798 0.64 
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1 33.600 173412278 97.08 

2 48.306 3872808 2.17 

3 50.571 1351325 0.76 

Tert-butyl (1R,2R,3R)-2-acetyl-3-[3-(methylthio)propanoyl]-2'-oxospiro- 

(cyclopropane-1,3'-indoline)-1'-carboxylate (11pa) 

Pale yellow oil, 37.9 mg, 94% yield, 99/1 d.r. (determined by 

1H NMR), 92% ee. [α]27D = -270.2 (c = 0.58 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 95/5, 

flow rate = 1.0 mL/min, λ = 254 nm, tR (major) = 11.50 min, 

tR (minor) = 12.45 min. 

1H NMR (400 MHz, CDCl3) δ 7.94 – 7.80 (m, 1H), 7.36 – 7.29 (m, 1H), 7.19 – 7.05 

(m, 2H), 3.54 (d, J = 8.4 Hz, 1H), 3.41 (d, J = 8.4 Hz, 1H), 2.97 – 2.85 (m, 1H), 2.71 – 

2.52 (m, 3H), 2.26 (s, 3H), 1.99 (s, 3H), 1.63 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 200.4, 198.5, 170.3, 148.9, 140.2, 129.0, 124.6, 

123.0, 122.3, 115.1, 85.2, 44.3, 43.3, 42.7, 40.8, 30.4, 28.2, 27.5, 15.7. 

HRMS (ESI-FT) calcd for C21H25NNaO5S+([M+Na+]) = 426.1346, Found 426.1343. 
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1 11.499 1919401 96.22 
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2-Methyl 1'-vinyl (1S,2R,3R)-3-[3-(methylthio)propanoyl]-2'-oxospiro- 

(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11qa) 

Pale yellow oil, 33.3 mg, 85% yield, 91/9 d.r. (determined by 

1H NMR), 88% ee. [α]27D = -206.4 (c = 0.56 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IE, n-hexane/2-propanol = 

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

17.30 min, tR (minor) = 20.80min. 

1H NMR (400 MHz, CDCl3) δ 8.02 – 7.89 (m, 1H), 7.38 – 7.29 (m, 1H), 7.25 – 7.08 

(m, 2H), 6.12 – 5.92 (m, 1H), 5.51 (d, J = 17.2 Hz, 1H), 5.34 (d, J = 10.4 Hz, 1H), 

4.96 – 4.84 (m, 2H), 3.75 (s, 2.73H), 3.69 (s, 0.27H), 3.53 (d, J = 8.0 Hz, 0.91H), 

3.42 (d, J = 8.0 Hz, 0.91H), 3.35 (s, 0.09H), 3.05 (d, J = 8.4 Hz, 0.09H), 2.96 – 2.85 

(m, 1H), 2.74 – 2.52 (m, 3H), 2.06 (s, 0.27H), 1.98 (s, 2.73H). 

13C NMR (101 MHz, CDCl3) δ 200.0, 170.4, 166.0, 150.4, 139.8, 131.0, 129.1, 

125.0, 122.9, 122.5, 119.9, 115.3, 68.0, 53.0, 44.4, 43.3, 39.7, 35.7, 27.5, 15.8. 

HRMS (ESI-FT) calcd for C19H19NNaO6S+([M+Na+]) = 412.0821, Found 412.0825. 
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1 17.304 29852942 85.39 

2 20.800 1891385 5.41 

3 24.250 1923162 5.50 

4 25.744 1291787 3.70 
 

1'-(Tert-butyl) 2-methyl 

(1S,2R,3R)-3-(3-(ethylthio)propanoyl)-2'-oxospiro- 

[cyclopropane-1,3'-indoline]-1',2-dicarboxylate (11ab) 

Pale yellow oil, 37.8 mg, 87% yield, 93/7 d.r. (determined 

by 1H NMR), 96% ee. [α]25D = -142.9 (c = 0.72 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IB, n-hexane/2-propanol = 

95/5, flow rate = 1.0 mL/min, λ = 254 nm, tR (minor) = 

9.45 min, tR (major) = 16.99 min. 

1H NMR (400 MHz, CDCl3) δ 7.94 – 7.81 (m, 1H), 7.34 – 7.28 (m, 1H), 7.18 – 7.02 

(m, 2H), 3.75 (s, 2.79H), 3.68 (s, 0.21H), 3.51 (d, J = 7.6 Hz, 0.93H), 3.45 (d, J = 6.8 

Hz, 0.07H), 3.39 (d, J = 7.6 Hz, 0.93H), 3.03 (d, J = 9.3 Hz, 0.07H), 2.95 – 2.85 (m, 

1H), 2.73 – 2.55 (m, 3H), 2.51 – 2.48 (m, 0.14H), 2.41 (q, J = 7.6 Hz, 1.86H), 1.68 

(s, 0.63H), 1.64 (s, 8.37H), 1.22 – 1.20 (m, 0.21H), 1.15 (t, J = 7.2 Hz, 2.79H). 

13C NMR (101 MHz, CDCl3) δ 200.2, 170.5, 166.1, 148.9, 140.3, 128.9, 124.6, 

122.8, 122.4, 115.1, 85.1, 52.9, 44.7, 43.2, 39.8, 35.4, 28.2, 26.2, 24.9, 14.6. 

HRMS (ESI-FT) calcd for C22H27NNaO6S+([M+Na+]) = 456.1451, Found 456.1451. 
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1 9.454 32141 2.14 

2 10.909 75001 4.99 
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4 16.985 1360125 90.51 
 

1'-(Tert-butyl) 2-methyl (1S,2R,3R)-2'-oxo-3-[3-(phenethylthio)propanoyl] 

spiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (11ac) 

Pale yellow oil, 43.2 mg, 85% yield, 90/10 d.r. 

(determined by 1H NMR), 94% ee. [α]25D = -186.9 

(c = 0.79 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IB, 

n-hexane/2-propanol = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tR (minor) = 

15.52 min, tR (major) = 52.95 min. 

1H NMR (400 MHz, CDCl3) δ 7.92 – 7.84 (m, 1H), 7.37 – 7.23 (m, 3H), 7.21 – 7.06 

(m, 5H), 3.74 (s, 2.73H), 3.68 (s, 0.27H), 3.49 (d, J = 7.6 Hz, 0.90H), 3.45 (d, J = 8.0 

Hz, 0.10H), 3.38 (d, J = 7.6 Hz, 0.90H), 3.01 (d, J = 3.2 Hz, 0.10H), 2.90 – 2.83 (m, 

1H), 2.83 – 2.70 (m, 3H), 2.68 – 2.58 (m, 4H), 1.66 (s, 0.90H), 1.63 (s, 8.10H). 

13C NMR (101 MHz, CDCl3) δ 200.1, 170.5, 166.1, 148.9, 140.3, 140.2, 129.0, 

128.6, 126.5, 124.6, 122.8, 122.4, 115.1, 85.1, 52.9, 44.7, 43.1, 39.7, 36.2, 35.4, 

34.0, 28.2, 25.5. 

HRMS (ESI-FT) calcd for C28H31NNaO6S+([M+Na+]) = 532.1764, Found 532.1766. 
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1'-(Tert-butyl) 3-methyl (1S,2R,3R)-2-methyl-2-[3-(methylthio)propanoyl]- 

2'-oxospiro(cyclopropane-1,3'-indoline)-1',3-dicarboxylate (11ad) 

Pale yellow oil, 19.9 mg, 55% yield, >95/5 d.r. (determined 

by 1H NMR), 68% ee. [α]19D = -102.9 (c = 0.24 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol = 

90/10, flow rate = 1.0 mL/min, λ = 254 nm, tR (major) = 

5.17 min, tR (minor) = 9.03 min. 

1H NMR (400 MHz, CDCl3) δ 7.95 – 7.92 (m, 1H), 7.57 – 7.54 (m, 1H), 7.40 – 7.34 

(m, 1H), 7.19 – 7.15 (m, 1H), 3.70 (s, 3H), 3.29 (s, 1H), 3.02 – 2.91 (m, 1H), 2.86 – 

2.61 (m, 3H), 2.11 (s, 2.88H), 2.10 (s, 0.12H), 1.79 (s, 0.12H), 1.75 (s, 2.88H), 1.61 

(s, 9H). 

13C NMR (101 MHz, CDCl3) δ 204.2, 171.6, 167.5, 148.8, 141.0, 128.6, 125.1, 

124.2, 121.7, 115.1, 85.0, 52.3, 48.2, 42.0, 40.3, 37.9, 28.2, 28.1, 15.9, 10.7. 

HRMS (ESI-FT) calcd for C22H27KNO6S+ ([M+K+]) = 472.1191, Found 472.1195. 
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Time 

1 5.172 19145098 47.52 

2 5.989 2006372 4.98 

3 8.943 19135110 47.50 
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 Retention 

Time 

Area % Area 

1 5.171 3473116 80.58 

2 5.975 176375 4.09 

3 9.031 660398 15.32 

 

1'-(Tert-butyl) 2-methyl (1S,2R,3R)-6'-bromo-3-[3-(methylsulfonyl)pro- 

panoyl]-2'-oxospiro(cyclopropane-1,3'-indoline)-1',2-dicarboxylate (12) 

White solid, m.p. 90 – 96 °C, 106.0 mg, 99% yield, 

97/3 d.r. (determined by 1H NMR), 93% ee, [α]27D = 

-168.4 (c = 0.82 in CH2Cl2). 

HPLC DAICEL CHIRALCEL IA, n-hexane/2-propanol 

= 80/20, flow rate = 1.0 mL/min, λ = 254 nm, tR (minor) = 18.85 min, tR (major) = 

20.43 min. 

1H NMR (400 MHz, CDCl3) δ 8.16 – 8.07 (m, 1H), 7.26 – 7.22 (m, 1H), 7.03 – 6.94 

(m, 1H), 3.75 (s, 2.91H), 3.70 (s, 0.09H), 3.55 (d, J = 8.0 Hz, 1H), 3.38 (d, J = 7.6 Hz, 

1H), 3.34 – 3.15 (m, 3H), 3.01 – 2.90 (m, 1H), 2.86 (s, 3H), 1.63 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 198.0, 169.6, 165.5, 148.5, 141.4, 127.5 123.6, 123.1, 

121.3, 118.9, 85.7, 53.1, 48.4, 42.9, 41.5, 39.9, 36.9, 35.7, 28.1. 

HRMS (ESI-FT) calcd for C21H2479BrNaNO8S+ ([M+Na+]) = 552.0298, Found 

552.0308. C21H2481BrNaNO8S+ ([M+Na+]) = 554.0278, Found 554.0290. 
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2 15.066 160311 3.83 
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 Retention Time Area % Area 

1 15.120 196295 1.06 

2 17.205 458848 2.49 

3 18.847 589995 3.20 

4 20.425 17195921 93.25 

 

Tert-butyl-2-[(1,1'-biphenyl)-4-yl]-3-[3-(methylthio)propanoyl]-2'-oxospiro

(cyclopropane-1,3'-indoline)-1'-carboxylate (14aa) 

Condition A: [(anti-syn)+(anti-anti)]/syn-anti = 1/1, 

isolated syn-anti isomer, white solid, m.p. 48 – 50 °C, 

24.5 mg, 48% yield, 99% ee, [α]19D = -227.3 (c = 0.34 in 

CH2Cl2). HPLC DAICEL CHIRALCEL IA, 

n-hexane/2-propanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm, tR (minor) = 

11.84 min, tR (major) = 12.93 min. 

1H NMR (400 MHz, CDCl3) δ 7.94 – 7.82 (m, 1H), 7.64 – 7.51 (m, 4H), 7.46 – 7.42 

(m, 2H), 7.37 – 7.33 (m, 1H), 7.27 – 7.19 (m, 3H), 6.88 – 6.75 (m, 1H), 6.16 – 5.98 

(m, 1H), 4.02 (d, J = 8.8 Hz, 1H), 3.16 (d, J = 8.8 Hz, 1H), 3.13 – 3.02 (m, 1H), 2.94 – 

2.74 (m, 3H), 2.12 (s, 3H), 1.66 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 201.2, 171.7, 149.2, 141.0, 140.3, 140.0, 131.7, 

130.3, 129.0, 128.0, 127.7, 127.4, 127.1, 124.6, 124.0, 120.9, 115.1, 84.8, 45.0, 

42.9, 39.9, 28.3, 28.0, 15.9. 

HRMS (ESI-FT) calcd for C31H31NaNO4S+([M+Na+]) = 536.1866, Found 536.1863. 
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1 11.843 9407 0.07 

2 12.934 14435636 99.93 

 

Condition B: [(anti,syn)+(anti,anti)]/syn,anti = 3.7/1, 

isolated (anti,syn)+(anti,anti) isomers, White solid, m.p. 

54 – 58 °C, 34.4 mg, 67% yield, 91/9 dr 

(anti-anti/anti-syn, determined by 1H NMR), 67% ee, 

[α]19D = +174.5 (c = 0.47 in CH2Cl2). HPLC DAICEL CHIRALCEL IA, 

n-hexane/2-propanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm, tR (minor) = 

7.55 min, tR (major) = 8.81 min. 

1H NMR (400 MHz, CDCl3) δ 7.97 – 7.95 (m, 0.09H), 7.91 – 7.85 (m, 0.91H), 7.71 – 

7.69 (m, 0.18H), 7.62 – 7.49 (m, 4.55H), 7.39 – 7.33 (m, 4H), 7.20 – 7.14 (m, 

0.91H), 7.06 – 7.01 (m, 0.18H), 6.97 – 6.93 (m, 0.09H), 6.84 – 6.80 (m, 0.09H), 

3.94 (d, J = 8.4 Hz, 0.91H), 3.75 (d, J = 9.6 Hz, 0.09H), 3.71 (d, J = 8.4 Hz, 0.91H), 

3.32 (d, J = 9.6 Hz, 0.09H), 3.00 (m, 1H), 2.77 (m, 2H), 2.71 – 2.62 (m, 1H), 2.07 (s, 

0.27H), 2.06 (s, 2.73H), 1.71 (s, 0.81H), 1.61 (s, 8.19H). 

13C NMR (101 MHz, CDCl3) δ 201.6, 170.2, 149.1, 140.8, 140.6, 139.9, 131.3, 

129.7, 128.9, 128.1, 127.4, 127.2, 127.0, 124.9, 124.5, 122.1, 114.9, 84.8, 45.3, 

44.6, 42.0, 41.1, 28.2, 27.7, 15.8. 

HRMS (ESI-FT) calcd for C31H31NaNO4S+([M+Na+]) =536.1866, Found 536.1867. 
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1 5.850 1099047 8.19 
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Condition C: [(anti,syn)+(anti,anti)]/syn,anti = 5.1/1, 

isolated (anti,syn)+(anti,anti) isomers, White solid, 

m.p. 65 – 68 °C, 39.6 mg, 77% yield, 90/10 dr 

(anti,syn/anti,anti, determined by 1H NMR), 98% ee, 

[α]19D = +99.6 (c = 0.78 in CH2Cl2). HPLC DAICEL CHIRALCEL IA, 

n-hexane/2-propanol = 90/10, flow rate = 1.0 mL/min, λ = 254 nm, tR (major) = 

5.82 min, tR (minor) = 6.78 min. 

1H NMR (400 MHz, CDCl3) δ 7.99 – 7.92 (m, 0.90H), 7.89 – 7.86 (m, 0.10H), 7.62 – 

7.56 (m, 2.10H), 7.52 – 7.47 (m, 1.90H), 7.46 – 7.39 (m, 2.10H), 7.38 – 7.26 (m, 

2.30H), 7.06 – 7.00 (m, 1.80H), 6.98 – 6.92 (m, 0.90H), 6.85 – 6.78 (m, 0.90H), 

3.93 (d, J = 8.4 Hz, 0.10H), 3.75 (d, J = 9.6 Hz, 0.90H), 3.71 (d, J = 8.8 Hz, 0.10H), 

3.31 (d, J = 9.6 Hz, 0.90H), 3.11 – 3.01 (m, 1H), 2.87 – 2.71 (m, 2H), 2.66 – 2.55 (m, 

1H), 2.07 (s, 2.70H), 2.06 (s, 0.30H), 1.70 (s, 8.10H), 1.61 (s, 0.90H). 

13C NMR (101 MHz, CDCl3) δ 201.7, 174.0, 149.1, 140.7, 140.4, 140.2, 131.5, 

129.1, 128.9, 128.1, 127.5, 127.2, 127.1, 126.7, 123.7, 121.8, 114.6, 85.0, 45.8, 
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42.6, 40.6, 38.8, 28.2, 27.7, 15.9. 

HRMS (ESI-FT) calcd for C31H31NaNO4S+ ([M+Na+]) =536.1866, Found 536.1864. 
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Tert-butyl-2-(3-bromophenyl)-3-(3-(methylthio)propanoyl)-2'-oxospiro[cyc

lopropane-1,3'-indoline]-1'-carboxylate (14ba) 

Condition A, [(anti,syn)+(anti,anti)]/syn,anti = 1.2/1, 

isolated syn,anti isomer. White solid, m.p. 135 – 140 °C, 

21.2 mg, 70% yield, 86/14 dr (anti,syn/anti,anti, 

determined by 1H NMR), 99% ee, [α]19D = -200.8 (c = 0.37 

in CH2Cl2). 

HPLC DAICEL CHIRALCEL ID, n-hexane/2-propanol = 90/10, flow rate = 1.0 

mL/min, λ = 254 nm, tR (minor) = 15.95 min, tR (major) = 17.92 min. 

1H NMR (400 MHz, CDCl3) δ 7.94 – 7.81 (m, 1H), 7.47 – 7.40 (m, 1H), 7.37 – 7.31 

(m, 1H), 7.26 – 7.20 (m, 1H), 7.19 – 7.12 (m, 1H), 7.09 – 7.00 (m, 1H), 6.92 – 6.78 

(m, 1H), 6.09 – 5.94 (m, 1H), 3.93 (d, J = 8.8 Hz, 1H), 3.71 (d, J = 7.6 Hz, 1H), 3.09 

(d, J = 8.8 Hz, 1H), 3.06 – 2.97 (m, 1H), 2.89 – 2.71 (m, 3H), 2.10 (s, 3H), 1.65 (s, 

9H). 

13C NMR (101 MHz, CDCl3) δ 200.6, 171.3, 149.1, 140.1, 135.1, 132.8, 131.5, 

130.3, 128.7, 128.3, 124.1, 124.0, 122.8, 120.8, 115.2, 85.0, 58.6, 44.7, 42.9, 39.7, 

39.1, 28.2, 28.0, 18.6, 15.9. 

HRMS (ESI-FT) calcd for C25H2679BrNNaO4S+ ([M+Na+]) = 538.0658, Found 

538.0663. C25H2681BrNNaO4S+ ([M+Na+]) = 540.0638, Found 540.0641. 
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Condition C, [(anti,syn)+(anti,anti)]/syn,anti = 4.6/1, 

isolated (anti,syn)+(anti,anti) isomers. White solid, m.p. 

50 – 54 °C, 36.2 mg, 70% yield, 86/14 dr 

(anti,syn/anti,anti, determined by 1H NMR), 82% ee, 

[α]19D = +117.7 (c = 0.64 in CH2Cl2). 

HPLC DAICEL CHIRALCEL ID, n-hexane/2-propanol = 90/10, flow rate = 1.0 

mL/min, λ = 254 nm, tR (major) = 7.64 min, tR (minor) = 8.31 min. 

1H NMR (400 MHz, CDCl3) δ 8.01 – 7.89 (m, 0.86H), 7.89 – 7.84 (m, 0.14H), 7.44 – 

7.36 (m, 1.14H), 7.33 – 7.27 (m, 1H), 7.23 – 7.07 (m, 2.28H), 7.00 – 6.92 (m, 

0.86H), 6.91 – 6.83 (m, 0.86H), 6.80 – 6.69 (m, 0.86H), 3.84 (d, J = 8.8 Hz, 0.14H), 

3.64 (d, J = 9.6 Hz, 0.86H), 3.61 (d, J = 8.8 Hz, 0.14H), 3.26 (d, J = 9.6 Hz, 0.86H), 

3.04 – 2.94 (m, 1H), 2.81 – 2.67 (m, 2H), 2.66 – 2.54 (m, 1H), 2.05 (s, 2.48H), 2.04 

(s, 0.52H), 1.69 (s, 7.74H), 1.61 (s, 1.26H). 

13C NMR (101 MHz, CDCl3) (for major) δ 201.4, 173.8, 149.0, 140.3, 134.0, 132.4, 

130.8, 129.8, 129.5, 128.3, 126.8, 123.8, 121.9, 121.4, 114.7, 85.1, 45.7, 42.3, 40.2, 
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37.9, 28.2, 27.7, 15.9. 

HRMS (ESI-FT) calcd for C25H2679BrNNaO4S+ ([M+Na+]) = 538.0658, Found 

538.0660. C25H2681BrNNaO4S+ ([M+Na+]) = 540.0638, Found 540.0638. 
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(L) Copies of NMR spectra. 
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Syn,anti-14aa (Condition A) 
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anti,anti-14aa (Condition B) 
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anti,syn-14aa (Condition C) 
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Syn-anti-14ba (Condition A) 
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Anti-syn-14ba (Condition C) 

 

 


