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1. General 

Optical rotations were reported as follows: [α]T
D = (c: g/100 mL, in solvent). 1H NMR spectra were 

recorded on commercial instruments (400 MHz or 600MHz). Chemical shifts were recorded in ppm 

relative to tetramethylsilane and with the solvent resonance as the internal standard. Data were reported 

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

coupling constants (Hz), integration. 13C{1H} NMR data were collected on commercial instruments 

(101 MHz or 151 MHz) with complete proton decoupling. Chemical shifts were reported in ppm from 

the tetramethylsilane with the solvent resonance as internal standard. 19F{1H} NMR spectra were 

collected on commercial instruments (376 MHz or 377 MHz) with complete proton decoupling. IR 

spectra were recorded on BRUKER TENSOR II IR spectrophotometer. Enantiomeric excesses (ee) 

were determined by Ultra Performance Convergence Chromatography (UPCC) on systems on Daicel 

chiralcel in the experimental procedures at 23 °C or Daicel Chiralcel IA, IB, IC, ID, IE at 23 °C with 

UV detector at 210 nm in comparison with the authentic racemates. HRMS was recorded on a 

commercial apparatus (FTMS+c ESI). UV-vis absorbance spectra were recorded on SHIMADZU 

UV-2600 UV-vis spectrophotometer in a 10.0 mm quartz cuvette. Reagents obtained from commercial 

sources were used without further purification. CH2ClCHCl2 was distilled over K2CO3 before use. 

Metal salts were purchased from Strem Chemicals, Inc. The N,N'-dioxides were prepared according to 

the previous reports.1-3 Chromatography: Qingdao Haiyang silica gel, HG/T2354-92, H CP. 

2: General procedure for the preparation of dioxopyrrolidines substrates  

A mixture of benzylamine (7.26 g, 66.0 mmol), ethyl acrylate (7.2 mL, 66.0 mmol) in EtOH (15 mL) 

was stirred at room temperature for 16 h. Diethyl oxalate (9.0 mL, 66 mmol) and freshly-made sodium 

ethoxide solution in EtOH (generated from 2.0 g of sodium metal, 80.0 mmol, in 15 mL EtOH) was 

added. The mixture was heated at reflux in oil bath for 1 h and then solidified. The volatiles were 

removed in vacuo. The crude product was diluted with H2O (80 mL) and adjusted the pH of the 

mixture to 1 by adding conc.HCl. The mixture was subjected to filtration to afford S1 as a white solid 

(12.75 g, yield 75%).  

A mixture of S1 (2.6 g, 9.8 mmol, 1.0 equiv.), benzaldehyde or its derivatives (9.8 mmol, 1.0 equiv.) in 

EtOH (20 mL)/ 20 % aq. HCl (50 mL) was heated at reflux for 14 h in oil bath. After cooling down to 

ambient temperature, the aqueous layer was decanted. The obtained chunky solid was collected and 

further recrystallized from EtOAc to generate A1-A25 as a bright yellow solid (yield: 25% to 70%).  
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Amixture of the carboxylic acid (4 mmol), phenol phenol derivative (4 mmol), DMAP (0.4 mmol), and 

1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide hydrochloride (EDC•HCl, 6 mmol) in DCM (30 mL) 

was stirred overnight at rt. The resulting mixture was filtered, and the filtrate was evaporated in vacuo. 

The residue was purified by flash column chromatography (silica gel, ethyl acetate/petroleum ether = 

1/2 to 1/1 as the eluent), affording the corresponding bright yellow solid. 

3: General procedure for the synthesis of alkenes according to the literature 

procedure. 

 

In a dried flask, methyl triphenylphosphonium bromide (4.29 g, 12 mmol, 1.2 equiv.) was dissolved in 

THF (20 mL). Then t-BuOK (1.35 g, 12 mmol, 1.2 equiv.) was added and the resulting yellow 

suspension was stirred at room temperature for 30 min. Then aldehyde or ketone (10 mmol, 1.0 equiv) 

was added and the resulting mixture was further stirred at room temperature overnight. Water was 

added to the reaction mixture and the aqueous phase was extracted with ethyl acetate. The combined 

organic phases were dried over Na2SO4 and and concentrated in vacuo. The residue was subjected to 

column chromatography on silica gel and eluted with petroleum ether/ethyl acetate (19/1, v/v) to give 

corresponding alkenes.  

Note: All substituted olefins were synthesized by this method or obtained from commercial sources 

without further purification.  

4: General procedure for the preparation of the racemic products (A1 as an 

example) 
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A mixture of (E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 (27.7 mg, 0.1 mmol), Fe(OTf)3 (5.1 

mg, 0.01 mmol, 10 mol %) was added to a test tube under an inert atmosphere. Anhydrous 

CH2ClCHCl2 (1.0 mL) was added, and the solution was stirred at 35 °C for 0.5 h. Subsequently, styrene 

B1 (5 eq, 0.5 mmol) was added at 35 °C, and the reaction mixture was stirred for an additional 24 h. 

The product C1 was purified by flash chromatography (PE/EtOAc = 2:1). 

5: General experimental procedure for the catalytic asymmetric reaction (A1 as 

an example) 

 

A mixture of (E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 (27.7 mg, 0.1 mmol), Fe(OTf)3 (5.1 

mg, 0.01 mmol, 10 mol %), and N,N′-dioxide ligand L3-TQEt2Ad (9.6 mg, 0.01 mmol, 10 mol %) was 

added to a test tube under an inert atmosphere. Anhydrous CH2ClCHCl2 (1.0 mL) was added, and the 

solution was stirred at 35 °C for 0.5 h. Subsequently, styrene B1 (5 eq, 0.5 mmol) was added at 35 °C, 

and the reaction mixture was stirred for an additional 48 h. The product C1 was purified by flash 

chromatography (PE/EtOAc = 2:1). 

 

Figure S1 Chiral N,N’-dioxide used 
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6: Optimization of the reaction conditions. 

Table S1. Ligand effecta 

 

Entry Ligand Yield (%)b Endo/exoc Ee (%)c 

1 L3-RaMe2 37 46/54 4/0 

2 L3-PrMe2 20 52/48 28/22 

3 L3-PiMe2 65 60/40 26/23 

4 L3-PeMe2 48 48/52 9/0 

5 L3-TQMe2 84 56/44 43/44 

6 L3-TQiBu 65 50/50 25/25 

7 L3-TQtBu 59 55/45 5/16 

8 L3-TQAd 48 53/47 13/0 

9 L3-TQCHPh2 60 59/41 55/45 

10 L3-TQCPh3 87 56/44 21/0 

11 L2-TQtBu 72 54/46 3/14 

12 L3-TQ-(S)-Eph 61 55/45 30/5 

13 L3-TQEt2 99 68/32 59/40 

14 L3-TQPr2 92 62/38 45/-5 

15 L3-TQEt2Me 98 73/27 75/53 

aThe reactions were carried out with A1 (0.1 mmol), B1 (10 eq, 1.0 mmol) and Ligand/In(OTf)3 (1:1, 

10 mol %) in CH2Cl2 (1.0 mL) at 35 °C for 24 h. bYield of isolated product. c Determined by chiral 

SFC. 

Table S2. Solvent effecta 
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Entry Solvent Yield (%)b Endo/exoc Ee (%)c 

1 THF Trace - - 

2 CHCl3 50 70/30 58/62 

3 DCE 79 71/29 76/43 

4 acetone Trace - - 

5 CH3CN NR - - 

6 CH2ClCHCl2 91 73/27 84/50 

7 CHCl2CHCl2 49 67/33 79/51 

aThe reactions were carried out with A1 (0.1 mmol), B1 (10 eq, 1.0 mmol) and L3-TQEt2Me/In(OTf)3 

(1:1, 10 mol %) in solvent (1.0 mL) at 35 °C for 24 h. bYield of isolated product. c Determined by 

chiral SFC. 

 

Table S3. Temperature effecta 

 

Entry T (C ) Yield (%)b Endo/exoc Ee (%)c 

1 0 26 78/22 88/53 

2 20 73 76/24 81/45 

3 35 90 73/27 84/50 

4 50 99 66/34 72/39 

5 -20 NR - - 

aThe reactions were carried out with A1 (0.1 mmol), B1 (10 eq, 1.0 mmol) and L3-TQEt2Me/In(OTf)3 

(1:1, 10 mol %) in CH2ClCHCl2 (1.0 mL) at T °C for 24 h. bYield of isolated product. c Determined by 
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chiral SFC. 

 

Table S4. Additive effecta 

 

Entry Additive Yield (%)b Endo/exoc Ee (%)c 

1 3Å MS (20 mg) 31 66/34 67/31 

2 4Å MS (20 mg) 44 66/34 76/37 

3 5Å MS (20 mg) 99 63/37 61/25 

4 NaBArF
4(10 %) 95 61/39 70/48 

5 Na2SO4 (20mg) 79 71/29 81/45 

6 - 90 73/27 84/50 

aThe reactions were carried out with A1 (0.1 mmol), B1 (10 eq, 1.0 mmol) and L3-TQEt2Me/In(OTf)3 

(1:1, 10 mol %) in CH2ClCHCl2 (1.0 mL) at 35 °C for 24 h. bYield of isolated product. c Determined by 

chiral SFC. 

 

Table S5. Metal salts effecta 

 

Entry Metal Yield (%)b Endo/exoc Ee (%)c 

1 Ni(OTf)2 NR - - 

2 Zn(OTf)2 NR - - 

3 Cu(OTf)2 NR - - 

4 Fe(OTf)3 87 83/17 93/19 

5 Sc(OTf)3 NR - - 

6 Y(OTf)3 NR - - 
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7 La(OTf)3 NR - - 

8 Al(OTf)3 58 67/33 68/-9 

9 Bi(OTf)3 NR - - 

10 Ga(OTf)3 NR - - 

11 Fe(OTf)2 NR - - 

12 Fe(ClO4)3XH2O 88 82/18 93/47 

13 In(OTf)3 90 73/27 84/50 

aThe reactions were carried out with A1 (0.1 mmol), B1 (10 eq, 1.0 mmol) and L3-TQEt2Me/Metal 

(1:1, 10 mol %) in CH2ClCHCl2 (1.0 mL) at 35 °C for 24 h. bYield of isolated product. c Determined by 

chiral SFC. 

 

Table S6. Ligand effecta 

 

Entry Ligand Yield (%)b Endo/exoc Ee (%)c 

1 L3-TQEt2Ad 95 90/10 97/72 

2 L3-TQEt2Br 29 78/22 65/0 

3 L4-TQEt2Ad Trace - - 

4 L2-TQEt2Ad 35 78/22 19/22 

5 L3-TQEt2CHPh2 80 84/16 84/35 

6 L3-TQEt2Me 87 83/17 93/19 

7d L3-TQEt2Ad 45 89/11 96/68 

8 L3-PrEt2Ad 44 77/23 39/31 

9 L3-PiEt2Ad 36 87/13 92/69 

10 L3-RaEt2Ad 40 92/18 37/37 

11 L1 86 73/27 0/0 
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12 L2 trace - - 

13 L3 trace - - 

aThe reactions were carried out with A1 (0.1 mmol), B1 (10 eq, 1.0 mmol) and Ligand/Fe(OTf)3 (1:1, 

10 mol %) in CH2ClCHCl2 (1.0 mL) at 35 °C for 24 h. bYield of isolated product. c Determined by 

chiral SFC. dwith 5 mol % Fe(OTf)3/L3-TQEe2Ad as the catalyst. 

 

Table S7. Effect of the amount of B1 

 

Entry B1（X eq) Yield (%)b Endo/exoc Ee (%)c 

1 1 47 90/10 96/61 

2 2 71 90/10 97/68 

3 3 74 90/10 96/74 

4 5 93 90/10 97/73 

5 10 93 90/10 97/73 

6d 5 27 85/15 0/0 

7e 5 NR - - 

8f 5 trace - - 

9g 5 10 77/23 80/68 

aThe reactions were carried out with A1 (0.1 mmol), B1 (x eq) and L3-TQEt2Ad/Fe(OTf)3 (1:1, 10 

mol %) in CH2ClCHCl2 (1.0 mL) at 35 °C for 48 h. bYield of isolated product. c Determined by chiral 

SFC. dNo ligand added and Sc(OTf)3 instead of Fe(OTf)3. eL3-PiMe2 instead of L3-TQEt2Ad, Sc(OTf)3 

instead of Fe(OTf)3. fL3-PrMe2 instead of L3-TQEt2Ad. gL3-PiMe2 instead of L3-TQEt2Ad. 
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7: The relationship of the ee value of product with the optical purity of the chiral 

ligand 

 

 

entry ee of Ligand (%) ee of product (%) 

1 0 0 

2 20 20 

3 40 39 

4 60 61 

5 80 78 

6 100 98 
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UV-Vis absorption spectra 

  

Figure S2. Lewis acid effects on UV-Vis absorption of 

(E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1. All measurements were carried out at ambient 

temperature at a concentration of 0.05 mM (E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 in 

CH2ClCHCl2. (E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 (red), 

(E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 + Fe(OTf)3 (1:1; blue), 

(E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 + Fe(OTf)3 + L3-TQEt2Ad (1:1:1; black), 

(E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 + Fe(OTf)3 + L3-TQEt2Ad + B1 (1:1:1:1; green), 

(E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 + Fe(OTf)3 + L3-TQEt2Ad + B1 (1:1:1:5; pink). 

 

Figure S3. Lewis acid effects on UV-Vis absorption of 

(E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1. All measurements were carried out at ambient 

temperature at a concentration of 0.05 mM (E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 in 

CH2ClCHCl2. (E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 (red), 

(E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 + Fe(OTf)3 (1:1; blue), 

(E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 + Fe(OTf)3 + L3-TQEt2Ad (1:1:1; black), 

(E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 + Fe(OTf)3 + L3-PrMe2 (1:1:1:1; pink), 

(E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 + Fe(OTf)3 + L3-PiMe2 (1:1:1:5; green). 
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8. Determination of the Absolute Configuration of the products C1, D13 and E1 

via the X-ray crystal analysis 

The absolute configuration of the optically active product C1 was Determinedto be (2S,4R) by X-ray 

crystal analysis. 

The single crystal of C1 was obtained from mixed solvents of CH2Cl2 and Hexane CCDC 2282511 

contains the supplementary crystallographic data which can be obtained free of charge from the 

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 
Figure S4. Crystal structure for C1 

Crystallographic Data for C26H23NO2. 

Formula C26H23NO2 

Formula mass (amu) 381.45 

Space group P 21 21 21 

a (Å) 6.0177(1) 

b (Å) 14.5243(3) 

c (Å) 23.7109(5) 

α (deg) 90 

β (deg) 90 

γ (deg) 90 

V (Å3) 2072.40(7) 

Z 4 

λ (Å) 1.54178 

T (K) 298 K 

calcd (g cm-3) 1.223 

 (mm-1) 0.605 

Transmission factors 0.839,0.993 

 max (deg) 68.216 

No. of unique data, including Fo
2 < 0 3779 

No. of unique data, with Fo
2 > 2(Fo

2) 3550 

No. of variables 262 

http://www.ccdc.cam.ac.uk/data_request/cif
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R(F) for Fo
2 > 2(Fo

2) a 0.0350 

Rw(Fo
2) b 0.0824 

Goodness of fit 1.044 

a R(F) = ∑||Fo| – |Fc|| / ∑|Fo|. 

b Rw(Fo
2) = [∑[w(Fo

2 – Fc
2)2] / ∑wFo

4]1/2; w–1 = [σ2(Fo
2) + (Ap)2 + Bp], where p = [max(Fo

2,0) + 2Fc
2] 

/ 3. 

The colourless crystal in block-shape, with approximate dimensions of 0.148 × 0.223 × 0.249 mm3, 

was selected and mounted for the single-crystal X-ray diffraction. The data set was collected by Bruker 

D8 Venture Photon II diffractometer at 298(2)K equipped with micro-focus Cu radiation source (Kα = 

1.54178Å). Applied with face-indexed numerical absorption correction, the structure solution was 

solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program packagea, b, c, 

d. The structure was analyzed by ADDSYM routine implemented in PLATON suite and no higher 

symmetry was suggestede. 

References: 

a Sheldrick, G. M. Acta Cryst. 2008, A64, 112–122. 

b Sheldrick, G. M. Acta Cryst. 2015, A71, 3–8. 

c Sheldrick, G. M. Acta Cryst. 2015, C71, 3–8. 

d Dolomanov, O.V., Bourhis, L.J., Gildea, R.J., Howard, J. A. K., Puschmann, H. J. Appl. Cryst. 2009, 

42, 339-341. 

e Spek, A. L. J. Appl. Cryst. 2003, 36, 7–13. 

 

The absolute configuration of the optically active product D13 was Determinedto be (2S,4R) by X-ray 

crystal analysis. 

The single crystal of D13 was obtained from mixed solvents of CH2Cl2 and Hexane CCDC 2282510 

contains the supplementary crystallographic data which can be obtained free of charge from the 

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 

Figure S5. Crystal structure for D13 

http://www.ccdc.cam.ac.uk/data_request/cif
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Crystallographic Data for C27H25NO2. 

Formula C27H25NO2 

Formula mass (amu) 395.48 

Space group P 21 

a (Å) 10.8789(2) 

b (Å) 8.8689(1) 

c (Å) 11.6944(2) 

α (deg) 90 

β (deg) 110.898(1) 

γ (deg) 90 

V (Å3) 1054.10(3) 

Z 2 

λ (Å) 1.54178 

T (K) 298 K 

calcd (g cm-3) 1.246 

 (mm-1) 0.612 

Transmission factors 0.729,1.000 

 max (deg) 68.323 

No. of unique data, including Fo
2 < 0 3810 

No. of unique data, with Fo
2 > 2(Fo

2) 3743 

No. of variables 273 

R(F) for Fo
2 > 2(Fo

2) a 0.0317 

Rw(Fo
2) b 0.0842 

Goodness of fit 1.039 

a R(F) = ∑||Fo| – |Fc|| / ∑|Fo|. 

b Rw(Fo
2) = [∑[w(Fo

2 – Fc
2)2] / ∑wFo

4]1/2; w–1 = [σ2(Fo
2) + (Ap)2 + Bp], where p = [max(Fo

2,0) + 2Fc
2] 

/ 3. 

The colourless crystal in flake-shape, with approximate dimensions of 0.058 × 0.335 × 0.600 mm3, was 

selected and mounted for the single-crystal X-ray diffraction. The data set was collected by Bruker D8 

Venture Photon II diffractometer at 298(2)K equipped with micro-focus Cu radiation source (Kα = 

1.54178Å). Applied with face-indexed numerical absorption correction, the structure solution was 

solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program packagea, b, c, 

d. The structure was analyzed by ADDSYM routine implemented in PLATON suite and no higher 

symmetry was suggestede. 
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References: 

a Sheldrick, G. M. Acta Cryst. 2008, A64, 112–122. 

b Sheldrick, G. M. Acta Cryst. 2015, A71, 3–8. 

c Sheldrick, G. M. Acta Cryst. 2015, C71, 3–8. 

d Dolomanov, O.V., Bourhis, L.J., Gildea, R.J., Howard, J. A. K., Puschmann, H. J. Appl. Cryst. 2009, 

42, 339-341. 

e Spek, A. L. J. Appl. Cryst. 2003, 36, 7–13. 

 

The absolute configuration of the optically active product E1 was Determinedto be (7R,9S) by X-ray 

crystal analysis. 

The single crystal of E1 was obtained from mixed solvents of CH2Cl2 and Hexane CCDC 2321465 

contains the supplementary crystallographic data which can be obtained free of charge from the 

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 
Figure S6. Crystal structure for E1 

Crystallographic Data for C26H23NO4. 

Formula C26H23NO4 

Formula mass (amu) 413.45 

Space group P 21 21 21 

a (Å) 8.7506(2) 

b (Å) 9.9990(2) 

c (Å) 25.0270(6) 

α (deg) 90 

β (deg) 90 

γ (deg) 90 

V (Å3) 2189.79(8) 

Z 4 

λ (Å) 1.54178 

T (K) 173 K 

calcd (g cm-3) 1.254 

 (mm-1) 0.683 

Transmission factors 0.612,0.936 

http://www.ccdc.cam.ac.uk/data_request/cif


16 
 

 max (deg) 79.473 

No. of unique data, including Fo
2 < 0 4660 

No. of unique data, with Fo
2 > 2(Fo

2) 4580 

No. of variables 280 

R(F) for Fo
2 > 2(Fo

2) a 0.0364 

Rw(Fo
2) b 0.0958 

Goodness of fit 1.054 

a R(F) = ∑||Fo| – |Fc|| / ∑|Fo|. 

b Rw(Fo
2) = [∑[w(Fo

2 – Fc
2)2] / ∑wFo

4]1/2; w–1 = [σ2(Fo
2) + (Ap)2 + Bp], where p = [max(Fo

2,0) + 2Fc
2] / 

3. 

The colourless crystal in rod-shape, with approximate dimensions of 0.167 × 0.185 × 0.866 mm3, was 

selected and mounted for the single-crystal X-ray diffraction. The data set was collected by Bruker D8 

Venture Photon II diffractometer at 173(2)K equipped with micro-focus Cu radiation source (Kα = 

1.54178Å). Applied with face-indexed numerical absorption correction, the structure solution was 

solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program packagea, b, c, 

d. The structure was analyzed by ADDSYM routine implemented in PLATON suite and no higher 

symmetry was suggestede. 

References: 

a Sheldrick, G. M. Acta Cryst. 2008, A64, 112–122. 

b Sheldrick, G. M. Acta Cryst. 2015, A71, 3–8. 

c Sheldrick, G. M. Acta Cryst. 2015, C71, 3–8. 

d Dolomanov, O.V., Bourhis, L.J., Gildea, R.J., Howard, J. A. K., Puschmann, H. J. Appl. Cryst. 2009, 

42, 339-341. 

e Spek, A. L. J. Appl. Cryst. 2003, 36, 7–13. 
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9. Substrates Scope Limitation 
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10. Gram-Scale Synthesis and Further Transformation of C1 

 

A mixture of (E)-1-benzyl-4-benzylidenepyrrolidine-2,3-dione A1 (871 mg, 3.2 mmol), Fe(OTf)3 

(160.1 mg, 0.32 mmol, 10 mol %), and N,N′-dioxide ligand L3-TQEt2Ad (307.2 mg, 0.32 mmol, 10 

mol %) was added to a test tube under an inert atmosphere. Anhydrous CH2ClCHCl2 (32.0 mL) was 

added, and the solution was stirred at 35 °C for 12 h. Subsequently, styrene B1 (1.84 mL, 16.0 mmol) 

was added at 35 °C, and the reaction mixture was stirred for an additional 168 h. The product C1 was 

purified by flash chromatography (PE/EtOAc = 2:1). 

further transformations. 

 

C1 was dissolved in 1,2-dichloroethane (5.50 ml per mmol substrate). Water (4.50 ml per mmol 

substrate was added, followed by a solution of RuCl3 (0.035 M in water, 3.5 mol%). Neat NaIO4 (2.00 

equiv.) was added in one portion, and the resulting biphasic mixture was stirred until the reaction was 

judged complete by TLC analysis of a reaction aliquot (quenched with satd aq Na2S2O3, extracted with 

EtOAc). Satd aqueous Na2S2O3 was added, and the resulting mixture was stirred for 10 min and then 

extracted with CH2Cl2. The combined organic extracts were washed with water and then brine, and 

then they were dried (MgSO4) and the solvents were removed by rotary evaporation. Purification by 

silica flash chromatography (PE:EA = 3:1). 

 

C1 (38.1 mg, 0.10 mmol) and Pd/C (100 g%, 34.9 mg) were added into a dry reaction tube, and then 

methanol (2.0 mL) was added; the mixture was stirred under H2 at 0 °C for 24 h, which could be 

monitored by TLC. Upon completion of the reaction, Pd/C was removed by suction filtration, and the 

solvent was evaporated off under reduced pressure; the crude material was purified by silica gel 

chromatography to give the compound E2 (99% yield, 70% ee) as a colorless oil. 
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11. Characterization of the substrates 

A26: (E)-4-((1-benzyl-4,5-dioxopyrrolidin-3-ylidene)methyl) phenyl (S)-2-(4-isobutylphenyl) 

propanoate 

Yellow solid, m.p. 120–122 C. 

1H NMR (400 MHz, Chloroform-d) δ 7.64 (d, J = 2.0 Hz, 1H), 7.42 – 

7.31 (m, 7H), 7.27 (d, J = 8.4 Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 7.09 

(d, J = 8.4 Hz, 2H), 4.79 (s, 2H), 4.36 (d, J = 1.8 Hz, 2H), 3.94 (q, J = 

7.2 Hz, 1H), 2.47 (d, J = 7.2 Hz, 2H), 1.90 – 1.82 (m, 1H), 1.60 (d, J = 

7.2 Hz, 3H), 0.91 (d, J = 6.6 Hz, 6H) ppm. 

13C NMR (101 MHz, CDCl3) δ 186.4, 172.8, 160.5, 153.2, 141.1, 

137.1, 136.8, 134.6, 132.5, 130.9, 129.6, 129.4, 129.2, 128.6, 128.5, 

127.2, 124.6, 122.6, 48.1, 46.3, 45.3, 45.0, 30.2, 22.4, 18.4 ppm. 

ESI-HRMS calcd for [C31H31NO4+Na+] = 504.2145, found 504.2137. 

IR ṽ (cm-1) 2954, 2360, 1755, 1709, 1630, 1596, 1506, 1454, 1419, 1281, 1210, 1155, 1067, 894, 738, 

529. 

 

A27: (E)-4-((1-benzyl-4,5-dioxopyrrolidin-3-ylidene)methyl) phenyl 2-(4-(4-chlorobenzoyl) 

phenoxy)-2-methylpropanoate 

Yellow solid, m.p. 160–163 C. 

1H NMR (400 MHz, Chloroform-d) δ 7.79 (d, J = 8.8 Hz, 

2H), 7.71 (d, J = 8.8 Hz, 2H), 7.64 (m, 1H), 7.50 – 7.40 

(m, 4H), 7.39 – 7.31 (m, 5H), 7.09 (d, J = 8.8 Hz, 2H), 

6.98 (d, J = 8.8 Hz, 2H), 4.80 (s, 2H), 4.46 – 4.20 (m, 

2H), 1.83 (s, 6H) ppm. 

13C NMR (101 MHz, CDCl3) δ 194.2, 186.4, 172.1, 160.4, 159.4, 152.5, 138.6, 136.7, 136.2, 134.5, 

132.6, 132.2, 131.5, 131.2, 130.8, 129.2, 128.8, 128.7, 128.6, 128.5, 127.9, 124.9, 122.4, 117.2, 79.4, 

48.1, 46.3, 25.4 ppm. 

ESI-HRMS calcd for [C35H28ClNO6+Na+] = 616.1497, found 616.1493. 

IR ṽ (cm-1) 2360, 1757, 1712, 1632, 1596, 1504, 1275, 1250, 1157, 1110, 927, 852, 762, 701, 531. 

A28: (E)-4-((1-benzyl-4,5-dioxopyrrolidin-3-ylidene)methyl)phenyl 2-(1-(4-chlorobenzoyl)-2- 

methyl-1H-indol-3-yl)acetate 

Yellow solid, m.p. 125–128 C. 
1H NMR (600 MHz, Chloroform-d) δ 7.66 (d, J = 8.4 Hz, 2H), 7.62 (s, 1H), 

7.47 (d, J = 8.4 Hz, 2H), 7.41 – 7.39 (m, 2H), 7.38 – 7.35 (m, 2H), 7.34 – 

7.32 (m, 2H), 7.16 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 2.8 Hz, 1H), 6.88 (s, 1H), 

6.69 (dd, J = 9.0, 2.8 Hz, 1H), 4.78 (s, 2H), 4.35 (d, J = 1.8 Hz, 2H), 3.92 (s, 

2H), 3.82 (s, 3H), 2.45 (s, 3H) ppm. 

13C NMR (151 MHz, CDCl3) δ 186.4, 168.8, 168.3, 160.5, 156.1, 152.9, 

139.5, 136.9, 136.4, 134.5, 133.7, 132.5, 131.2, 131.1, 130.8, 130.4, 129.2, 129.1, 128.5, 128.4, 124.7, 
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122.6, 115.1, 111.7, 111.5, 101.2, 60.4, 55.8, 48.1, 46.3, 30.6, 14.2, 13.5 ppm. 

ESI-HRMS calcd for [C37H29ClN2O6+Na+] = 655.1606, found 655.1609. 

IR ṽ (cm-1) 2360, 1756, 1711, 1629, 1596, 1504, 1476, 1357, 1320, 1213, 1155, 926, 834, 754, 701. 

 

A29: (E)-4-((1-benzyl-4,5-dioxopyrrolidin-3-ylidene)methyl)phenyl 2-acetoxybenzoate 

 Yellow solid, m.p. 130–133 C. 

1H NMR (400 MHz, Chloroform-d) δ 8.19 (d, J = 7.6 Hz, 1H), 7.66 (d, 

J = 12.0 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 14.0 Hz, 6H), 

7.27 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 1H), 4.79 (s, 2H), 4.41 (s, 

2H), 2.29 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 186.5, 169.7, 162.4, 160.5, 152.8, 151.3, 

136.9, 135.1, 134.6, 132.7, 132.2, 131.3, 129.2, 128.6, 128.4, 126.4, 

124.9, 124.2, 122.9, 121.9, 48.0, 46.3, 21.0 ppm. 

ESI-HRMS calcd for [C27H21NO6+Na+] = 478.1261, found 478.1255. 

IR ṽ (cm-1) 2360, 1756, 1710, 1711, 1629, 1597, 1506, 1452, 1368, 1284, 1207, 1156, 916, 750, 700, 

529. 

 

A30: (E)-4-((1-benzyl-4,5-dioxopyrrolidin-3-ylidene)methyl)phenyl (R)-2-(6-methoxynaphthalen 

-2-yl)propanoate 

Yellow solid, m.p. 149–152 C. 

1H NMR (400 MHz, Chloroform-d) δ 7.73 (t, J = 9.8 Hz, 

3H), 7.61 (m, 1H), 7.46 (dd, J = 8.6, 1.6 Hz, 1H), 7.39 – 

7.29 (m, 7H), 7.18 – 7.12 (m, 2H), 7.10 – 7.03 (m, 2H), 

4.77 (s, 2H), 4.32 (d, J = 1.8 Hz, 2H), 4.09 (q, J = 7.2 Hz, 

1H), 3.92 (s, 3H), 1.68 (d, J = 7.2 Hz, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 186.4, 172.7, 160.5, 157.9, 153.2, 137.1, 134.6, 134.6, 133.9, 132.5, 

130.9, 129.3, 129.2, 128.9, 128.5, 128.4, 127.5, 126.2, 125.9, 124.6, 122.6, 119.3, 105.6, 55.4, 48.1, 

46.3, 45.6, 18.4 ppm. 

ESI-HRMS calcd for [C32H27NO5+Na+] = 528.1781, found 528.1776. 

IR ṽ (cm-1) 2936, 2360, 1754, 1711, 1630, 1599, 1505, 1454, 1213, 1156, 1069, 892, 747, 701, 529. 

 

A31: 4-((E)-(1-benzyl-4,5-dioxopyrrolidin-3-ylidene)methyl)phenyl 6-(3-((3s)-adamantan-1-yl) 

-4-methoxyphenyl)-2-naphthoate 

Yellow solid, m.p. 270–273 C. 
1H NMR (400 MHz, Chloroform-d) δ 8.77 (s, 1H), 

8.21 – 8.13 (m, 1H), 8.07 – 7.98 (m, 3H), 7.87 – 

7.83 (m, 1H), 7.73 (s, 1H), 7.62 (d, J = 2.0 Hz, 1H), 

7.57 (dd, J = 8.4, 2.0 Hz, 1H), 7.53 (d, J = 8.4 Hz, 

2H), 7.41 – 7.39 (m, 2H), 7.37 (d, J = 6.8 Hz, 3H), 

7.31 (dd, J = 13.0, 7.8 Hz, 2H), 7.02 (d, J = 8.4 Hz, 1H), 4.83 (s, 2H), 4.44 (s, 2H), 3.92 (s, 3H), 2.19 

(m, 5H), 2.11 (m, 3H), 1.81 (m, 5H), 1.59 (m, 2H) ppm. 

13C NMR (101 MHz, CDCl3) δ 186.0, 164.9, 159.1, 139.1, 137.2, 134.6, 132.7, 132.3, 132.0, 131.2, 
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129.9, 129.2, 128.9, 128.7, 128.6, 127.9, 126.9, 126.0, 125.8, 125.7, 124.8, 124.6, 123.0, 112.1, 55.2, 

48.2, 46.4, 40.6, 37.2, 37.1, 29.7, 29.1 ppm. 

ESI-HRMS calcd for [C46H41NO5+Na+] = 710.2877, found 710.2879. 

IR ṽ (cm-1) 2902, 2361, 1726, 1708, 1627, 1596, 1505, 1472, 1277, 1205, 1156, 1058, 883, 810, 741, 

700, 529. 

 

A32: 4-((E)-(1-benzyl-4,5-dioxopyrrolidin-3-ylidene)methyl)phenyl ((R)-2,5,6,8-tetramethyl-2- 

((4S,8S)-4,8,12-trimethyltridecyl)chroman-7-yl) succinate 

yellow liquid. 

1H NMR (600 MHz, Chloroform-d) 

δ 7.65 (s, 1H), 7.42 (d, J = 8.4 Hz, 

2H), 7.40 – 7.36 (m, 2H), 7.34 (d, J = 

7.2 Hz, 3H), 7.19 (d, J = 8.4 Hz, 2H), 

4.80 (s, 2H), 4.38 (s, 2H), 3.11 – 2.98 

(m, 4H), 2.58 (t, J = 5.4 Hz, 2H), 

2.08 (d, J = 3.6 Hz, 3H), 2.00 (s, 3H), 

1.96 (s, 3H), 1.83 – 1.79 (m, 1H), 

1.77 – 1.72 (m, 1H), 1.53 (dq, J = 

13.2, 6.8 Hz, 4H), 1.46 – 1.42 (m, 1H), 1.40 – 1.36 (m, 3H), 1.30 – 1.23 (m, 10H), 1.15 – 1.11 (m, 3H), 

1.09 – 1.05 (m, 3H), 0.86 (dd, J = 11.8, 6.6 Hz, 12H) ppm. 

13C NMR (151 MHz, CDCl3) δ 186.4, 170.9, 170.5, 160.6, 152.9, 149.6, 140.4, 137.1, 134.6, 132.6, 

131.1, 129.2, 128.6, 128.5, 126.6, 124.9, 124.8, 124.7, 123.2, 123.1, 122.7, 117.5, 75.1, 48.1, 46.3, 39.4, 

37.5, 37.5, 37.3, 32.8, 32.7, 29.3, 28.7, 28.0, 24.8, 24.5, 22.8, 22.7, 21.1, 20.6, 19.8, 19.7, 13.0, 12.2, 

11.9 ppm. 

ESI-HRMS calcd for [C51H67NO7+Na+] = 828.4810, found 828.4800. 

IR ṽ (cm-1) 2925, 2360, 1752, 1712, 1630, 1596, 1506, 1456, 1361, 1205, 1155, 1126, 927, 736, 701, 

528. 

 

A33: 4-((E)-(1-benzyl-4,5-dioxopyrrolidin-3-ylidene)methyl)phenyl (4S)-4-((2S,8R,9S,10S,13R, 

14S,17R)-2-acetoxy-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoa

te 

yellow liquid. 

1H NMR (400 MHz, Chloroform-d) δ 7.67 (s, 1H), 7.44 (d, J = 

8.4 Hz, 2H), 7.39 – 7.33 (m, 4H), 7.30 – 7.26 (m, 1H), 7.18 (d, 

J = 8.4 Hz, 2H), 4.81 (s, 2H), 4.72 (dt, J = 10.8, 6.4 Hz, 1H), 

4.39 (s, 2H), 2.62 (ddd, J = 14.0, 9.2, 4.0 Hz, 1H), 2.49 (dt, J = 

15.6, 7.8 Hz, 1H), 2.28 (m, 1H), 2.03 (s, 5H), 1.85 (m, 5H), 

1.69 (d, J = 9.4 Hz, 2H), 1.61 – 1.51 (m, 3H), 1.47 – 1.37 (m, 

8H), 1.33 – 1.22 (m, 5H), 1.10 (m, 6H), 0.98 (d, J = 5.8 Hz, 3H), 0.93 (s, 3H), 0.86 (d, J = 7.0 Hz, 1H), 

0.67 (m, 4H) ppm. 

13C NMR (101 MHz, CDCl3) δ 186.4, 172.2, 170.6, 160.5, 153.1, 137.1, 134.6, 132.5, 130.9, 129.2, 

128.8, 128.5, 128.4, 127.9, 124.6, 122.7, 74.4, 56.5, 56.0, 48.1, 46.3, 42.8, 41.9, 40.4, 40.2, 35.8, 35.4, 

35.1, 34.6, 32.3, 31.4, 30.9, 28.3, 27.0, 26.7, 26.3, 24.2, 23.3, 21.5, 20.9, 18.3, 12.1 ppm. 

ESI-HRMS calcd for [C44H55NO6+Na+] = 716.3922, found 716.3925. 
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IR ṽ (cm-1) 2931, 2360, 1758, 1714, 1630, 1597, 1506, 1453, 1361, 1241, 1155, 1116, 829, 733, 700, 

528. 

 

A34: 4-((E)-(1-benzyl-4,5-dioxopyrrolidin-3-ylidene)methyl)phenyl (2S,4aS,6aS,6bR,8aR,10S, 

12aS,12bR,14bR)-10-acetoxy-2,4a,6a,6b,9,9,12a-heptamethyl-13-oxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,

10,11,12,12a,12b,13,14b-icosahydropicene-2-carboxylate 

Yellow solid, m.p. 253–256 C. 

1H NMR (400 MHz, Chloroform-d) δ 7.69 (s, 

1H), 7.46 (d, J = 8.4 Hz, 2H), 7.37 (q, J = 7.2, 6.4 

Hz, 5H), 7.15 (d, J = 8.4 Hz, 2H), 5.65 (s, 1H), 

4.82 (s, 2H), 4.54 – 4.49 (m, 1H), 4.40 (s, 2H), 

2.78 (d, J = 13.6 Hz, 1H), 2.37 (s, 1H), 2.23 – 

2.16 (m, 1H), 2.06 (s, 6H), 1.86 (dt, J = 14.8, 7.4 Hz, 1H), 1.79 (d, J = 13.6 Hz, 1H), 1.73 – 1.57 (m, 

6H), 1.52 – 1.43 (m, 4H), 1.40 (d, J = 7.4 Hz, 3H), 1.35 (s, 3H), 1.27 – 1.21 (m, 1H), 1.15 (d, J = 10.2 

Hz, 6H), 1.07 (d, J = 13.6 Hz, 2H), 0.87 (m, 10H) ppm. 

13C NMR (101 MHz, CDCl3) δ 200.1, 186.4, 174.6, 171.1, 168.8, 160.5, 153.1, 137.1, 134.5, 132.6, 

131.0, 129.2, 128.7, 128.6, 128.5, 124.7, 122.7, 80.6, 61.8, 55.0, 48.7, 48.1, 46.3, 45.5, 44.5, 43.2, 41.1, 

38.77, 38.1, 37.7, 36.9, 32.7, 31.9, 31.1, 28.6, 28.1, 28.0, 26.5, 26.4, 23.6, 23.4, 21.4, 18.7, 17.4, 16.7, 

16.4 ppm. 

ESI-HRMS calcd for [C50H61NO7+Na+] = 810.4340, found 810.4345. 

IR ṽ (cm-1) 2947, 2360, 1725, 1656, 1631, 1597, 1507, 1455, 1247, 1205, 1156, 1120, 1069, 985, 750, 

700, 531. 

 

A35: (E)-4-((1-benzyl-4,5-dioxopyrrolidin-3-ylidene)methyl)phenyl 5-(2,5-dimethylphenoxy) 

-2,2-dimethylpentanoate 

yellow liquid. 
1H NMR (400 MHz, Chloroform-d) δ 7.65 (s, 1H), 7.50 – 

7.27 (m, 7H), 7.11 (d, J = 8.4 Hz, 2H), 7.00 (m, 1H), 6.64 (d, 

J = 18.6 Hz, 2H), 4.80 (s, 2H), 4.37 (s, 2H), 3.98 (d, J = 5.2 

Hz, 2H), 2.29 (s, 3H), 2.15 (s, 3H), 1.87 (s, 4H), 1.37 (s, 6H) 

ppm. 

13C NMR (101 MHz, CDCl3) δ 186.4, 175.9, 160.5, 156.8, 

153.4, 137.1, 136.6, 134.6, 132.5, 130.9, 130.4, 129.2, 128.6, 128.5, 124.6, 123.6, 122.8, 120.8, 111.9, 

67.6, 48.1, 46.3, 42.6, 37.1, 25.3, 25.1, 21.5, 15.9 ppm. 

ESI-HRMS calcd for [C33H35NO5+Na+] = 548.2407, found 548.2400. 

IR ṽ (cm-1) 2923, 2360, 1749, 1709, 1630, 1596, 1507, 1417, 1264, 1210, 1155, 1103, 1046, 806, 701, 

531. 
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12. Characterization of the products 

C1: (2S,4R)-6-benzyl-2,4-diphenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

C1: 93% yield, endo/exo = 90/10, 97%/73% ee; Colorless liquid, [α]25
D = 

-38.2 (c = 1.43, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 6.06 min, t2 = 6.47 min, t3 = 7.96 min, t4 = 8.36 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.43 (d, J = 7.0 Hz, 2H), 7.35 – 7.31 

(m, 2H), 7.28 (ddd, J = 7.0, 5.2, 1.4 Hz, 4H), 7.25 – 7.17 (m, 5H), 7.13 (t, J 

= 8.8 Hz, 2H), 5.14 (d, J = 10.4 Hz, 1H), 4.81 (d, J = 15.0 Hz, 1H), 4.38 (d, J 

= 15.0 Hz, 1H), 3.89 (dd, J = 10.4, 6.0 Hz, 1H), 3.66 – 3.31 (m, 2H), 2.50 – 2.33 (m, 1H), 2.21 – 2.05 

(m, 1H) ppm. 

Endo C1: 13C NMR (101 MHz, CDCl3) δ 165.5, 146.8, 141.3, 139.7, 137.1, 129.0, 128.8, 128.5, 128.3, 

128.2, 128.1, 128.0, 127.9, 127.8, 127.7, 127.6, 127.4, 123.6, 80.2, 47.4, 46.5, 40.8, 39.9 ppm. 

Exo C1: 13C NMR (101 MHz, CDCl3) δ 165.5, 146.7, 143.0, 139.7, 137.1, 129.0, 128.8, 128.6, 128.4, 

128.3, 128.2, 128.1, 128.0, 127.9, 127.7, 127.6, 127.4, 121.1, 75.6, 48.1, 46.6, 38.5, 36.9 ppm. 

ESI-HRMS calcd for [C26H23NO2+Na+] = 404.1621, found 404.1615. 

IR ṽ (cm-1) 3029, 2360, 1692, 1493, 1452, 1392, 1240, 1110, 1046, 819, 750, 698. 
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C2: (2S,4R)-6-benzyl-2-phenyl-4-(p-tolyl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

C2: 98% yield, endo/exo = 91/9, 98%/75% ee; Colorless liquid, [α]24
D = 

-39.0 (c = 0.70, in CH2Cl2). 

HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 80/20, 1.0 mL/ min,  = 

210 nm), t1 = 11.04 min, t2 = 12.53 min, t3 = 13.39 min, t4 = 27.79 min. 
1H NMR (400 MHz, Chloroform-d) δ 7.51 – 7.25 (m, 8H), 7.24 – 7.17 (m, 

2H), 7.10 (d, J = 7.7 Hz, 2H), 7.02 (d, J = 7.8 Hz, 2H), 5.21 – 5.06 (m, 1H), 

4.83 (d, J = 15.0 Hz, 1H), 4.53 – 4.35 (d, J = 15.0 Hz, 1H), 3.87 (dd, J = 11.0, 

6.0 Hz, 1H), 3.63 – 3.33 (m, 2H), 2.41 (m, 1H), 2.32 (s, 3H), 2.14 (m, 1H) 

ppm. 

Endo C2: 13C NMR (101 MHz, Chloroform-d) δ 165.4, 146.7, 139.7, 138.2, 137.2, 137.0, 129.6, 128.7, 

128.4, 128.2, 128.1, 127.7, 127.6, 127.4, 126.4, 123.7, 80.3, 47.3, 46.5, 40.8, 39.6, 21.6 ppm. 

Exo C2: 13C NMR (101 MHz, Chloroform-d) δ 165.4, 146.6, 139.8, 138.2, 137.1, 136.9, 129.6, 128.7, 

128.4, 128.2, 128.0, 127.6, 127.5, 127.4, 126.2, 122.4, 75.6, 48.0, 46.6, 38.6, 36.5, 22.7 ppm. 

ESI-HRMS calcd for [C27H25NO2+Na+] = 418.1778, found 418.1780. 

IR ṽ (cm-1) 3029, 2360, 1692, 1512, 1453, 1240, 1107, 1047, 819, 735, 699. 
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C3: (2S,4R)-6-benzyl-4-(4-methoxyphenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

C3: 96% yield, endo/exo = 95/5, 99%/83% ee; Colorless liquid, [α]24
D = 

-44.9 (c = 0.76, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, 

retention time: t1 = 7.29 min, t2 = 9.93 min, t3 = 10.43 min, t4 = 14.38 

min. 
1H NMR (400 MHz, Chloroform-d) δ 7.53 – 7.25 (m, 8H), 7.24 – 7.16 (m, 

2H), 7.05 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 5.15 (d, J = 10.4 Hz, 

1H), 4.83 (d, J = 15.0 Hz, 1H), 4.39 (d, J = 15.0 Hz, 1H), 3.86 (dd, J = 10.8, 

6.0 Hz, 1H), 3.77 (s, 3H), 3.62 – 3.34 (m, 2H), 2.40 (ddd, J = 14.0, 6.0, 1.6 

Hz, 1H), 2.12 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

13C NMR (101 MHz, Chloroform-d) δ 158.8, 146.6, 139.7, 137.2, 133.1, 128.7, 128.5, 128.4, 128.2, 

128.1, 127.6, 126.4, 123.9, 114.3, 80.3, 55.3, 47.3, 46.5, 40.9, 39.2 ppm. 

ESI-HRMS calcd for [C27H25NO3+Na+] = 434.1727, found 434.1731. 

IR ṽ (cm-1) 3029, 2360, 1695, 1487, 1453, 1241, 1107, 1047, 841, 732, 697. 
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C4: (2S,4R)-4-([1,1'-biphenyl]-4-yl)-6-benzyl-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

C4: 95% yield, endo/exo = 94/6, 99%/84% ee; Colorless liquid, [α]24
D = 

-34.1 (c = 0.73, in CH2Cl2). 

HPLC (Daicel chiralcel IE, n-hexane/i-PrOH 70/30, 1.0 mL/ min,  = 210 

nm), t1 = 46.60 min, t2 = 51.85 min, t3 = 65.73 min, t4 = 70.14 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.69 – 7.48 (m, 4H), 7.48 – 7.37 (m, 

4H), 7.31 (ddd, J = 21.0, 10.8, 4.6 Hz, 6H), 7.25 – 7.17 (m, 5H), 5.17 (d, J = 

10.6 Hz, 1H), 4.84 (d, J = 15.0 Hz, 1H), 4.41 (d, J = 15.0 Hz, 1H), 3.95 (dd, 

J = 10.8, 6.0 Hz, 1H), 3.53 (q, J = 18.2 Hz, 2H), 2.46 (ddd, J = 14.0, 6.0, 1.6 

Hz, 1H), 2.19 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo C4: 13C NMR (101 MHz, CDCl3) δ 165.4, 146.9, 140.1, 140.3, 140.3, 139.6, 137.2, 128.9, 128.8, 

128.8, 128.5, 128.3, 128.1, 128.0, 127.8, 127.7, 127.6, 127.5, 127.0, 126.4, 123.3, 80.2, 47.4, 46.5, 40.8, 

39.7 ppm. 

Exo C4: 13C NMR (101 MHz, CDCl3) δ 165.4, 146.9, 140.1, 140.3, 140.3, 139.7, 137.1, 128.9, 128.8, 

128.8, 128.5, 128.3, 128.1, 128.0, 127.8, 127.7, 127.6, 127.5, 127.0, 126.2, 120.8, 75.6, 48.0, 46.6, 38.5, 

36.6 ppm. 

ESI-HRMS calcd for [C32H27NO2+Na+] = 480.1934, found 480.1944. 

IR ṽ (cm-1) 3029, 2360, 1694, 1487, 1453, 1240, 1107, 1047, 855, 732, 697. 
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C5: (2S,4R)-6-benzyl-4-(4-fluorophenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

C5: 98% yield, endo/exo = 92/8, 96%/69% ee; Colorless liquid, [α]24
D = 

-38.9 (c = 0.66, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 5.06 min, t2 = 5.68 min, t3 = 6.26 min, t4 = 8.02 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.53 – 7.26 (m, 8H), 7.25 – 7.18 (m, 

2H), 7.17 – 7.07 (m, 2H), 7.06 – 6.93 (m, 2H), 5.23 – 5.04 (d, J = 12.0 Hz, 

1H), 4.83 (d, J = 15.0 Hz, 1H), 4.52 – 4.36 (d, J = 15.0 Hz, 1H), 3.91 (dd, J 

= 10.8, 6.0 Hz, 1H), 3.66 – 3.35 (m, 2H), 2.42 (ddd, J = 14.0, 6.1, 1.8 Hz, 

1H), 2.11 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo C5: 13C NMR (101 MHz, Chloroform-d) δ 165.3, 160.7(d, JC-F = 246.0), 146.9, 139.5, 137.1, 

136.9, 129.3(d, JC-F = 8.0), 129.1, 129.0, 128.8, 128.5, 128.2, 128.1, 127.9, 127.6, 126.3, 123.0, 116.0, 

115.8(d, JC-F = 21.0), 80.2, 47.2, 46.5, 40.9, 39.3 ppm. 

Exo C5: 13C NMR (101 MHz, Chloroform-d) δ 163.2, 159.3(d, JC-F = 246.0), 146.9, 139.5, 137.0, 

136.9, 129.3(d, JC-F = 8.0), 129.1, 129.0, 128.8, 128.5, 128.2, 128.1, 127.9, 127.6, 126.2, 120.6, 115.9, 

115.7(d, JC-F = 21.0), 75.5, 47.9, 46.6, 38.6, 36.2 ppm. 

Endo C5: 19F NMR (377 MHz, CDCl3) δ -114.96 ppm. 

Exo C5: 19F NMR (377 MHz, CDCl3) δ -115.35 ppm. 

ESI-HRMS calcd for [C26H22FNO2+Na+] = 422.1527, found 422.1528. 

IR ṽ (cm-1) 3032, 2360, 1692, 1506, 1454, 1240, 1157, 1111, 838, 736, 699. 
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C6: (2S,4R)-6-benzyl-4-(4-chlorophenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

C6: 98% yield, endo/exo = 92/8, 99%/89% ee; Colorless liquid, [α]25
D = 

-43.5 (c = 0.69, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH=90/10. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 7.78 min, t2 = 8.63 min, t3 = 10.80 min, t4 = 13.24 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.47 – 7.25 (m, 8H), 7.26 – 7.18 (m, 

2H), 7.17 – 7.07 (m, 2H), 6.99 (q, J = 9.7, 8.6 Hz, 2H), 5.22 – 5.01 (m, 1H), 

4.83 (d, J = 15.0 Hz, 1H), 4.54 – 4.33 (m, 1H), 3.91 (dd, J = 10.8, 6.0 Hz, 

1H), 3.66 – 3.28 (m, 2H), 2.42 (ddd, J = 14.2, 6.0, 1.8 Hz, 1H), 2.18 – 2.03 

(m, 1H) ppm. 

Endo C6: 13C NMR (101 MHz, Chloroform-d) δ 165.3, 146.9, 139.5, 137.1, 136.9, 129.1, 129.0, 128.8, 

128.5, 128.3, 128.1, 127.6, 126.3, 123.0, 116.0, 115.8, 80.2, 47.2, 46.5, 40.9, 39.3 ppm. 

Exo C6: 13C NMR (101 MHz, Chloroform-d) δ 165.2, 146.9, 139.5, 137.0, 136.9, 129.3, 129.2, 128.8k, 

128.5, 128.3, 128.2, 127.7, 126.2, 120.6, 116.0, 115.7, 75.5, 47.9, 46.6, 38.6, 36.2 ppm. 

ESI-HRMS calcd for [C26H22ClNO2+Na+] = 438.1231, found 438.1245. 

IR ṽ (cm-1) 3032, 2360, 1694, 1507, 1454, 1240, 1157, 1110, 884, 733, 698. 
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C7: (2S,4R)-6-benzyl-4-(4-bromophenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

C7: 91% yield, endo/exo = 91/9, 94%/74% ee; Colorless liquid, [α]24
D = 

-32.7 (c = 0.74, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 9.05 min, t2 = 10.23 min, t3 = 13.72 min, t4 = 17.31 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.49 – 7.26 (m, 10H), 7.25 – 7.16 (m, 

2H), 7.04 (dd, J = 17.2, 8.4 Hz, 2H), 5.15 (d, J = 10.4 Hz, 1H), 4.82 (d, J = 

15.0 Hz, 1H), 4.53 – 4.37 (m, 1H), 3.88 (dd, J = 10.8, 6.0 Hz, 1H), 3.64 – 

3.35 (m, 2H), 2.42 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.10 (dt, J = 14.0, 11.2 

Hz, 1H) ppm. 

Endo C7: 13C NMR (101 MHz, CDCl3) δ 165.2, 147.0, 140.3, 139.4, 137.0, 132.1, 129.5, 129.3, 128.8, 

128.5, 128.4, 128.2, 128.1, 127.7, 126.3, 126.2, 122.5, 121.1, 80.1, 75.5, 47.2, 46.5, 40.6, 39.5 ppm. 

Exo C7: 13C NMR (101 MHz, CDCl3) δ 165.2, 147.1, 140.3, 139.3, 137.0, 132.1, 129.5, 129.2, 128.8, 

128.6, 128.4, 128.2, 128.1, 127.7, 126.3, 126.2, 122.2, 121.1, 75.5, 75.5, 47.9, 46.6, 38.4, 36.4 ppm. 

ESI-HRMS calcd for [C26H22BrNO2+Na+] = 482.0726, found 482.0736. 

IR ṽ (cm-1) 3030, 2360, 1694, 1487, 1453, 1241, 1112, 1047, 884, 733, 698. 
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C8: (2S,4R)-6-benzyl-4-(4-(methylthio)phenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

C8: 90% yield, endo/exo = 95/5, 99%/67% ee; Colorless liquid, [α]24
D = 

-35.9 (c = 0.78, in CH2Cl2). 

HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 80/20, 1.0 mL/ min,  = 210 

nm), t1 = 15.20 min, t2 = 17.51 min, t3 = 18.91 min, t4 = 36.40 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.43 (d, J = 7.0 Hz, 2H), 7.36 (d, J = 

6.8 Hz, 1H), 7.34 – 7.27 (m, 4H), 7.26 (s, 1H), 7.25 – 7.20 (m, 2H), 7.17 (d, 

J = 8.4 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 5.15 (d, J = 10.6 Hz, 1H), 4.82 (d, 

J = 15.0 Hz, 1H), 4.40 (d, J = 15.0 Hz, 1H), 3.87 (dd, J = 10.8, 6.0 Hz, 1H), 

3.67 – 3.37 (m, 2H), 2.45 (s, 3H), 2.41 (ddd, J = 14.0, 6.4, 1.8 Hz, 1H), 2.12 

(dt, J = 14.0, 11.2 Hz, 1H) ppm. 

13C NMR (101 MHz, CDCl3) δ 165.3, 146.8, 139.6, 138.0, 137.5, 137.1, 128.7, 128.5, 128.4, 128.3, 

128.1, 128.0, 127.6, 127.1, 126.4, 123.3, 80.2, 47.3, 46.5, 40.7, 39.5, 15.8 ppm. 

ESI-HRMS calcd for [C27H25NO2S+Na+] = 450.1498, found 450.1504. 

IR ṽ (cm-1) 2918, 2360, 1692, 1492, 1453, 1240, 1088, 1046, 883, 731, 698. 
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C9: (2S,4R)-6-benzyl-2-phenyl-4-(4-(trifluoromethoxy)phenyl)-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

C9: 96% yield, endo/exo = 95/5, 96%/55% ee; Colorless liquid, [α]25
D = 

-32.2 (c = 0.83, in CH2Cl2). 

SFC Chiralcel IB-3, CO2/MeOH=90/10. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 7.39 min, t2 = 8.54 min, t3 = 9.36 min, t4 = 11.07 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.43 (d, J = 7.0 Hz, 2H), 7.38 – 7.31 

(m, 4H), 7.29 (dd, J = 6.8, 2.0 Hz, 2H), 7.25 – 7.21 (m, 2H), 7.16 (t, J = 6.4 

Hz, 4H), 5.16 (d, J = 10.4 Hz, 1H), 4.85 (dd, J = 14.8, 4.8 Hz, 1H), 4.52 – 

4.36 (m, 1H), 3.94 (dd, J = 10.4, 6.0 Hz, 1H), 3.64 – 3.33 (m, 2H), 2.44 (ddd, 

J = 14.0, 6.0, 1.6 Hz, 1H), 2.11 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

13C NMR (101 MHz, CDCl3) δ 165.2, 148.3, 147.1(d, JC-F = 14.0), 140.0, 139.4, 137.1, 122.5, 121.5(d, 

JC-F = 255.0), 80.1, 47.2, 46.5, 40.9, 39.4 ppm. 

19F NMR (377 MHz, CDCl3) δ -57.89 ppm. 

ESI-HRMS calcd for [C27H22F3NO3+Na+] = 488.1444, found 488.1455. 

IR ṽ (cm-1) 2919, 2360, 1694, 1505, 1454, 1253, 1110, 1048, 884, 735, 698. 
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C10: (2S,4R)-6-benzyl-2-phenyl-4-(4-(trifluoromethyl)phenyl)-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

C10: 86% yield, endo/exo = 91/9, 86%/68% ee; Colorless liquid, [α]25
D = 

-27.3 (c = 0.79, in CH2Cl2). 

SFC Chiralcel OX-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 3.57 min, t2 = 3.78 min, t3 = 4.45 min, t4 = 5.99 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.71 – 7.54 (m, 2H), 7.45 – 7.37 (m, 

2H), 7.38 – 7.30 (m, 5H), 7.29 (d, J = 5.8 Hz, 3H), 7.25 – 7.13 (m, 2H), 5.17 

(d, J = 10.6 Hz, 1H), 4.84 (dd, J = 14.9, 4.2 Hz, 1H), 4.40 (d, J = 15.0 Hz, 

1H), 4.00 (dd, J = 10.6, 6.0 Hz, 1H), 3.68 – 3.30 (m, 2H), 2.57 – 2.32 (m, 

1H), 2.25 – 2.07 (m, 1H). 

Endo C10: 13C NMR (101 MHz, CDCl3) δ 165.1, 147.3, 145.4, 139.3, 137.0, 136.0, 131.2, 129.9(d, 

JC-F = 33.2), 129.6, 128.9, 128.5, 128.4, 128.1, 128.0, 127.7, 126.3, 126.2, 126.1(d, JC-F = 20.0), 126.0, 

125.9(d, JC-F = 4.0), 125.9, 125.3, 122.0(d, JC-F = 287.0), 80.0, 47.1, 46.5, 40.6, 39.8 ppm. 

Exo C10: 13C NMR (101 MHz, CDCl3) δ 165.1, 147.3, 145.4, 139.3, 136.9, 136.0, 131.2, 129.9(d, JC-F 

= 33.2), 129.6, 129.2, 128.6, 128.4, 128.2, 128.1, 127.8, 126.3, 126.2, 126.1(d, JC-F = 20.0), 126.0, 

125.9(d, JC-F = 4.0), 125.9, 125.3, 122.0(d, JC-F = 287.0), 75.5, 48.2, 47.9, 38.2, 36.8 ppm. 

Endo C10: 19F NMR (377 MHz, CDCl3) δ -62.51 ppm. 

Exo C10: 19F NMR (377 MHz, CDCl3) δ-63.08 ppm. 

ESI-HRMS calcd for [C27H22F3NO2+Na+] = 472.1495, found 472.1497. 

IR ṽ (cm-1) 3030, 2360, 1694, 1454, 1241, 1162, 1114, 885, 735, 698. 

3.
57

6

3.
80

1

4.
49

8

5.
83

0

A
U

0.00

0.50

1.00

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

 

 Retention Time Area % Area Height 

1 3.576 3766084 14.46 539050 

2 3.801 4217645 16.19 549436 

3 4.498 9024479 34.65 994475 

4 5.830 9037048 34.70 690039 

3
.5

6
3

3
.7

7
7

4
.4

5
2

5
.9

8
6

A
U

0.00

0.50

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

 

 Retention Time Area % Area Height 

1 3.563 99503 1.46 19701 

2 3.777 526610 7.72 77843 

3 4.452 5761148 84.41 632680 

4 5.986 437795 6.41 39787 

 



33 
 

C11: (2S,4R)-4-(4-(1H-pyrazol-1-yl)phenyl)-6-benzyl-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

C11: 93% yield, endo/exo = 95/5, 99%/78% ee; Colorless liquid, [α]25
D = 

-37.8 (c = 0.74, in CH2Cl2). 

HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 80/20, 1.0 mL/ min,  = 210 

nm), t1 = 34.00 min, t2 = 44.50 min, t3 = 48.54 min, t4 = 63.94 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.88 (d, J = 2.4 Hz, 1H), 7.71 (d, J = 

1.4 Hz, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 7.0 Hz, 2H), 7.39 – 7.28 

(m, 5H), 7.27 (s, 1H), 7.23 (dt, J = 6.4, 4.4 Hz, 4H), 6.46 (q, J = 3.2, 2.2 Hz, 

1H), 5.17 (d, J = 10.8 Hz, 1H), 4.81 (d, J = 15.0 Hz, 1H), 4.42 (d, J = 15.0 

Hz, 1H), 3.96 (dd, J = 10.6, 6.0 Hz, 1H), 3.68 – 3.35 (m, 2H), 2.54 – 2.38 (m, 

1H), 2.17 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

13C NMR (101 MHz, CDCl3) δ 165.2, 146.9, 141.2, 139.5, 139.4, 139.4, 137.1, 128.8, 128.7, 128.6, 

128.5, 128.3, 128.1, 127.7, 126.7, 126.4, 122.9, 119.8, 107.8, 80.2, 47.2, 46.6, 40.6, 39.5 ppm. 

ESI-HRMS calcd for [C29H25N3O2+Na+] = 470.1839, found 470.1848. 

IR ṽ (cm-1) 2918, 2360, 1692, 1523, 1454, 1241, 1107, 1047, 841, 753, 699. 
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C12: (2S,4R)-4-(benzo[d][1,3]dioxol-5-yl)-6-benzyl-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

C12: 95% yield, endo/exo = 97/3, 99%/65% ee; Colorless liquid, [α]25
D = 

-50.4 (c = 0.96, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 7.91 min, t2 = 8.94 min, t3 = 10.20 min, t4 = 11.43 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.43 (d, J = 7.2 Hz, 2H), 7.36 (d, J = 

7.2 Hz, 1H), 7.34 – 7.27 (m, 4H), 7.26 (s, 1H), 7.22 (d, J = 7.0 Hz, 2H), 6.71 

(d, J = 8.4 Hz, 1H), 6.68 – 6.49 (m, 2H), 5.92 (d, J = 2.4 Hz, 2H), 5.13 (d, J 

= 10.8 Hz, 1H), 4.85 (d, J = 15.0 Hz, 1H), 4.39 (d, J = 15.0 Hz, 1H), 3.83 (dd, 

J = 10.8, 6.0 Hz, 1H), 3.49 (q, J = 18.2 Hz, 2H), 2.52 – 2.29 (m, 1H), 2.11 

(dt, J = 14.0, 11.2 Hz, 1H) ppm. 

13C NMR (101 MHz, CDCl3) δ 165.3, 148.1, 146.8, 146.7, 139.6, 137.2, 134.9, 128.7, 128.5, 128.3, 

128.1, 127.6, 126.4, 123.5, 120.8, 108.6, 107.6, 101.2, 80.2, 47.3, 46.5, 40.8, 39.7 ppm. 

ESI-HRMS calcd for [C27H23NO4+Na+] = 448.1519, found 448.1523. 

IR ṽ (cm-1) 2916, 2360, 1693, 1487, 1452, 1243, 1036, 914, 841, 754, 699. 
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C13: (2S,4R)-6-benzyl-4-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-2-phenyl-3,4,5,6-tetrahydro- 

pyrano[2,3-c]pyrrol-7(2H)-one 

C13: 95% yield, endo/exo = 96/4, 99%/62% ee; Colorless liquid, [α]25
D = 

-44.0 (c = 0.70, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 9.80 min, t2 = 10.71 min, t3 = 13.94 min, t4 = 15.74 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.43 (d, J = 7.0 Hz, 2H), 7.35 (d, J = 

7.0 Hz, 1H), 7.33 – 7.28 (m, 3H), 7.28 – 7.24 (m, 2H), 7.24 – 7.18 (m, 2H), 

6.77 (d, J = 8.2 Hz, 1H), 6.71 – 6.45 (m, 2H), 5.12 (d, J = 10.6 Hz, 1H), 4.86 

(d, J = 15.0 Hz, 1H), 4.37 (d, J = 15.0 Hz, 1H), 4.21 (s, 4H), 3.79 (dd, J = 

10.8, 6.0 Hz, 1H), 3.50 (q, J = 18.2 Hz, 2H), 2.39 (ddd, J = 14.0, 6.0, 1.6 Hz, 

1H), 2.12 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

13C NMR (101 MHz, CDCl3) δ 165.4, 146.5, 143.7, 142.7, 139.7, 137.2, 134.4, 128.7, 128.4, 128.2, 

128.1, 127.6, 126.4, 123.7, 120.4, 117.7, 116.3, 80.2, 64.4, 64.3, 47.3, 46.5, 40.7, 39.3 ppm. 

ESI-HRMS calcd for [C28H25NO4+Na+] = 462.1676, found 462.1678. 

IR ṽ (cm-1) 2874, 2360, 1692, 1588, 1454, 1240, 1106, 1066, 817, 733, 698. 
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C14: (2S,4R)-6-benzyl-4-(3,4-dichlorophenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one  

C14: 88% yield, endo/exo = 87/13, 89%/57% ee; Colorless liquid, [α]25
D = 

-25.7 (c = 0.75, in CH2Cl2). 

SFC Chiralcel IB-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 7.28 min, t2 = 7.76 min, t3 = 9.31 min, t4 = 10.03 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.58 – 7.27 (m, 10H), 7.25 – 7.16 (m, 

3H), 6.98 (dd, J = 8.4, 2.0 Hz, 1H), 5.09 (d, J = 8.0 Hz, 1H), 4.87 – 4.80 (d, J 

= 15.2 Hz, 1H), 4.53 – 4.38 (d, J = 15.2 Hz, 1H), 3.88 (dd, J = 10.8, 6.0 Hz, 

1H), 3.65 – 3.36 (m, 2H), 2.43 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.09 (dt, J = 

14.2, 11.2 Hz, 1H) ppm. 

Endo C14: 13C NMR (101 MHz, CDCl3) δ 165.0, 147.3, 143.2, 141.5, 139.2, 136.9, 135.3, 133.1, 

132.5, 131.4, 129.9, 129.6, 129.2, 128.8, 128.5, 128.1, 127.7, 126.9, 126.3, 121.8, 80.0, 47.0, 46.6, 40.4, 

39.2 ppm. 

Exo C14: 13C NMR (101 MHz, CDCl3) δ 165.0, 147.4, 143.2, 141.5, 139.2, 136.9, 135.3, 133.1, 132.5, 

131.4, 129.9, 129.6, 129.2, 128.8, 128.5, 128.1, 127.7, 126.9, 126.3, 119.3, 75.4, 48.2, 47.8, 38.2, 36.2 

ppm. 

HRMS (ESI) Calculated for C26H21
35Cl35ClNO2 ([M]+Na+) = 472.0842, Found 472.0847. 

HRMS (ESI) Calculated for C26H21
35Cl37ClNO2 ([M]+Na+) = 473.0875, Found 473.0876. 

HRMS (ESI) Calculated for C26H21
37Cl37ClNO2 ([M]+Na+) = 474.0812, Found 474.0816. 

IR ṽ (cm-1) 2916, 2360, 1693, 1487, 1452, 1243, 1036, 917, 814, 754, 699. 
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C15: (2S,4R)-6-benzyl-4-(3-methoxyphenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

C15: 34% yield, endo/exo = 89/11, 91%/75% ee; Colorless liquid, [α]25
D = 

-33.2 (c = 0.34, in CH2Cl2). 

SFC Chiralcel OJ-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, 

retention time: t1 = 3.13 min, t2 = 3.47 min, t3 = 3.83 min, t4 = 4.89 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.44 (d, J = 7.0 Hz, 2H), 7.36 (m, 

1H), 7.31 (dd, J = 13.8, 6.4 Hz, 4H), 7.26 (t, J = 3.2 Hz, 1H), 7.22 (q, J = 

7.8, 7.2 Hz, 3H), 6.89 – 6.71 (m, 2H), 6.68 (d, J = 19.2 Hz, 1H), 5.21 – 

5.07 (d, J = 15.0 Hz, 1H), 4.82 (d, J = 15.0 Hz, 1H), 4.47 (d, J = 15.0 Hz, 

1H), 3.88 (dd, J = 10.8, 6.0 Hz, 1H), 3.75 (s, 3H), 3.51 (q, J = 18.2 Hz, 2H), 2.50 – 2.35 (m, 1H), 2.16 

(dt, J = 14.2, 11.2 Hz, 1H) ppm. 

Endo C15: 13C NMR (101 MHz, CDCl3) δ 165.4, 160.0, 146.8, 142.9, 139.6, 137.2, 130.0, 128.8, 

128.2, 128.0, 126.2, 123.3, 119.9, 113.2, 112.6, 80.2, 55.2, 47.3, 46.5, 40.6, 40.0 ppm. 

Exo C15: 13C NMR (101 MHz, CDCl3) δ 165.4, 160.0, 146.8, 142.9, 139.6, 137.2, 130.0, 128.8, 128.2, 

128.0, 126.2, 123.3, 120.2, 113.8, 112.2, 75.7, 55.2, 48.1, 46.6, 38.4, 36.9 ppm. 

ESI-HRMS calcd for [C27H25NO3+Na+] = 434.1727, found 434.1729. 

IR ṽ (cm-1) 2920, 2360, 1696, 1557, 1540, 1454, 1242, 1154, 1046, 756, 700. 

3.
11

1

3.
44

9

3.
78

9

4.
83

9A
U

0.40

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

 

 Retention Time Area % Area Height 

1 3.111 1289760 15.27 220316 

2 3.449 2941101 34.83 461815 

3 3.789 1241726 14.70 175035 

4 4.839 2972634 35.20 313337 

3
.1

3
3

3
.4

7
4

3
.8

3
3

4
.8

9
2

A
U

0.00

0.20

0.40

0.60

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

 

 Retention Time Area % Area 

1 3.133 551157 11.22 

2 3.474 4073374 82.93 

3 3.833 79105 1.61 

4 4.892 208127 4.24 



38 
 

C16: (2S,4R)-6-benzyl-4-(3-fluorophenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

C16: 97% yield, endo/exo = 93/7, 96%/71% ee; Colorless liquid, [α]25
D = 

-45.5 (c = 0.71, in CH2Cl2). 

SFC Chiralcel OJ-3, CO2/MeOH=90/10. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 6.02 min, t2 = 7.16 min, t3 = 8.59 min, t4 = 9.41 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.49 – 7.24 (m, 9H), 7.24 – 7.19 (m, 

2H), 7.06 – 6.80 (m, 3H), 5.23 – 5.03 (d, J = 10.4 Hz, 1H), 4.85 (d, J = 15.0 

Hz, 1H), 4.52 – 4.35 (d, J = 15.0 Hz, 1H), 3.92 (dd, J = 10.7, 6.0 Hz, 1H), 

3.67 – 3.38 (m, 2H), 2.44 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.13 (dt, J = 14.0, 

11.2 Hz, 1H) ppm. 

Endo C16: 13C NMR (101 MHz, Chloroform-d) δ 165.2, 163.1(d, JC-F = 264.0), 147.0, 143.9, 143.8, 

139.4, 137.1, 130.6, 130.5, 128.8, 128.5, 128.3, 128.1, 127.6, 126.4, 123.2, 123.1, 122.5, 114.6, 114.5(d, 

JC-F = 24.0), 114.4(d, JC-F = 8.0), 114.3, 80.1, 47.2, 46.5, 40.6, 39.7 ppm. 

Exo C16: 13C NMR (101 MHz, Chloroform-d) δ 165.2, 163.1(d, JC-F = 264.0), 147.0, 143.9, 143.8, 

139.4, 137.1, 130.6, 130.5, 128.8, 128.5, 128.3, 128.1, 127.6, 126.2, 123.2, 123.1, 122.5, 114.6, 114.5(d, 

JC-F = 24.0), 114.4(d, JC-F = 8.0), 114.3, 75.5, 47.9, 46.5, 38.3, 36.7 ppm. 

Endo C16: 19F NMR (377 MHz, CDCl3) δ -112.01 ppm. 

Exo C16: 19F NMR (377 MHz, CDCl3) δ -112.08 ppm. 

ESI-HRMS calcd for [C26H22FNO2+Na+] = 422.1527, found 422.1527. 

IR ṽ (cm-1) 2919, 2360, 1695, 1588, 1489, 1242, 1144, 1109, 877, 757, 699. 

6
.0

1
8

7
.2

3
5

8
.5

2
5

9
.3

1
7

A
U

0.00

0.50

Minutes

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

 

 Retention Time Area % Area Height 

1 6.018 4881712 14.88 447425 

2 7.235 11492655 35.03 864061 

3 8.525 4854179 14.80 328141 

4 9.317 11579250 35.29 688290 

6.
02

5 7.
16

4

8.
58

9

9.
41

1A
U

0.00

1.00

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

 

 Retention Time Area % Area Height 

1 6.025 1345353 5.66 117468 

2 7.164 21766825 91.54 1483329 

3 8.589 219825 0.92 18941 

4 9.411 445502 1.87 29844 



39 
 

C17: (2S,4R)-6-benzyl-4-(3-chlorophenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

C17: 84% yield, endo/exo = 89/11, 90%/61% ee; Colorless liquid, [α]25
D = 

-30.9 (c = 0.66, in CH2Cl2). 

SFC Chiralcel IJ-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 3.30 min, t2 = 3.83 min, t3 = 4.67 min, t4 = 5.65 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.45 – 7.35 (m, 3H), 7.34 – 7.28 (m, 

4H), 7.27 (d, J = 7.0 Hz, 2H), 7.22 (dd, J = 5.8, 2.8 Hz, 3H), 7.15 (d, J = 

16.2 Hz, 1H), 7.09 – 7.00 (m, 1H), 5.20 – 5.03 (d, J = 11.2 Hz,  1H), 4.86 (d, 

J = 15.0 Hz, 1H), 4.45 (d, J = 15.0 Hz, 1H), 3.89 (dd, J = 10.8, 6.0 Hz, 1H), 

3.66 – 3.37 (m, 2H), 2.43 (ddd, J = 14.0, 6.0, 1.8 Hz, 1H), 2.13 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo C17: 13C NMR (101 MHz, CDCl3) δ 165.2, 163.5, 147.1, 143.3, 139.4, 137.0, 134.8, 130.3, 

128.5, 128.4, 128.1, 128.0, 127.8, 127.7, 127.6, 126.3, 125.7, 122.4, 80.1, 47.1, 46.5, 40.6, 39.7 ppm. 

Exo C17: 13C NMR (101 MHz, CDCl3) δ 165.2, 163.5, 147.1, 143.3, 139.4, 137.0, 134.8, 130.3, 128.5, 

128.4, 128.1, 128.0, 127.8, 127.7, 127.6, 126.2, 125.7, 119.9, 75.5, 47.9, 46.6, 38.3, 36.6 ppm. 

ESI-HRMS calcd for [C26H22ClNO2+Na+] = 438.1231, found 438.1236. 

IR ṽ (cm-1) 2919, 2360, 1694, 1595, 1453, 1241, 1112, 891, 733, 697. 
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C18: (2S,4R)-6-benzyl-2-phenyl-4-(o-tolyl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

C18: 25% yield, endo/exo = 91/9, 91%/73% ee; Colorless liquid, [α]25
D = 

-16.4 (c = 0.22, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 6.08 min, t2 = 6.57 min, t3 = 7.00 min, t4 = 7.78 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.44 (d, J = 7.0 Hz, 2H), 7.37 – 7.29 

(m, 6H), 7.25 – 7.19 (m, 2H), 7.19 – 7.10 (m, 3H), 7.02 (d, J = 6.4 Hz, 1H), 

5.16 (d, J = 10.6 Hz, 1H), 4.85 (d, J = 6.2 Hz, 1H), 4.50 (d, J = 6.2 Hz, 1H), 

4.15 (dq, J = 12.8, 7.1 Hz, 1H), 3.51 (m, 2H), 2.41 (dd, J = 14.0, 4.8 Hz, 1H), 2.32 (s, 3H), 2.15 – 1.96 

(m, 1H) ppm. 

Endo C18: 13C NMR (101 MHz, CDCl3) δ 165.4, 139.6, 137.2, 135.7, 128.9, 128.7, 128.5, 128.4, 

128.3, 128.2, 128.1, 127.9, 127.8, 127.6, 127.0, 126.8, 126.5, 126.4, 123.7, 80.3, 47.3, 46.5, 43.8, 19.4 

ppm. 

Exo C18: 13C NMR (101 MHz, CDCl3) δ 159.6, 139.4, 136.7, 135.1, 128.9, 128.7, 128.5, 128.4, 128.3, 

128.2, 128.1, 127.9, 127.8, 127.6, 127.0, 126.8, 126.5, 126.4, 120.5, 80.3, 47.3, 46.6, 43.7, 19.2 ppm. 

ESI-HRMS calcd for [C27H25NO2+Na+] = 418.1778, found 418.1777. 

IR ṽ (cm-1) 2922, 2360, 1693, 1492, 1454, 1241, 1120, 1045, 732, 699. 

6
.0

6
7

6
.5

6
6

7
.0

8
2 7
.7

4
5

A
U

0.00

0.50

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

 

 Retention Time Area % Area Height 

1 6.067 4549583 36.20 454530 

2 6.566 1756141 13.97 174585 

3 7.082 4404268 35.04 363917 

4 7.745 1858292 14.79 129960 

6.
07

2

6.
57

1

6.
99

7

7.
78

2

A
U

0.00

0.10

0.20

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

 

 Retention Time Area % Area Height 

1 6.072 130601 4.15 10882 

2 6.571 39626 1.26 4048 

3 6.997 2719099 86.40 186300 

4 7.782 257867 8.19 17041 

 



41 
 

C19: (2S,4S)-6-benzyl-4-(2-fluorophenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

C19: 86% yield, endo/exo = 86/14, 80%/77% ee; Colorless liquid, [α]25
D = 

-23.3 (c = 0.57, in CH2Cl2). 

SFC Chiralcel OJ-3, CO2/MeOH=90/10. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 4.92 min, t2 = 5.22 min, t3 = 5.95 min, t4 = 7.30 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.45 (d, J = 7.2 Hz, 2H), 7.37 – 7.28 

(m, 5H), 7.28 – 7.20 (m, 4H), 7.17 – 7.07 (m, 2H), 7.06 – 6.98 (m, 1H), 5.29 

– 4.99 (d, J = 10.8 Hz, 1H), 4.83 (dd, J = 15.0, 4.6 Hz, 1H), 4.48 (dd, J =  

15.0 Hz, 4.6 Hz, 1H), 4.31 – 4.01 (m, 1H), 3.75 – 3.41 (m, 2H), 2.59 – 2.36 (m, 1H), 2.19 (dt, J = 14.0, 

11.2 Hz, 1H) ppm. 

Endo C19: 13C NMR (101 MHz, CDCl3) δ 165.3, 160.8(d, JC-F = 246.0), 147.0, 139.5, 137.1, 129.0, 

128.9, 128.8, 128.7, 128.5, 128.3, 128.2, 128.0, 126.4, 124.7(d, JC-F = 4.0), 122.3, 119.5, 115.9, 115.7(d, 

JC-F = 22.0), 80.2, 47.3, 46.5, 38.8, 32.7, ppm. 

Exo C19: 13C NMR (101 MHz, CDCl3) δ 165.3, 160.8(d, JC-F = 246.0), 147.0, 139.4, 137.0, 129.0, 

128.9, 128.8, 128.7, 128.5, 128.3, 128.2, 128.0, 126.4, 124.7(d, JC-F = 4.0), 122.3, 119.5, 115.9, 115.7(d, 

JC-F = 22.0), 75.8, 48.0, 46.6, 36.8, 30.2 ppm. 

Endo C19: 19F NMR (377 MHz, CDCl3) δ -118.71 ppm. 

Exo C19: 19F NMR (377 MHz, CDCl3) δ -119.20 ppm. 

ESI-HRMS calcd for [C26H22FNO2+Na+] = 422.1527, found 422.1530. 

IR ṽ (cm-1) 2921, 2360, 1694, 1490, 1453, 1241, 1113, 1048, 887, 756, 699. 
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C20: (2S,4S)-6-benzyl-4-(2-chlorophenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

C20: 62% yield, endo/exo = 76/24, 72%/90% ee; Colorless liquid, [α]22
D = 

-8.4 (c = 0.06, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 6.90 min, t2 = 7.40 min, t3 = 7.98 min, t4 = 10.75 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.57 – 7.38 (m, 2H), 7.38 – 7.30 (m, 

5H), 7.29 (d, J = 8.0 Hz, 2H), 7.26 (s, 1H), 7.24 – 7.23 (m, 1H), 7.22 – 7.20 

(m, 1H), 7.19 – 7.15 (m, 1H), 7.15 – 7.02 (m, 1H), 5.22 – 4.93 (d, J = 11.6 

Hz, 1H), 4.91 – 4.72 (d, J = 14.4 Hz, 1H), 4.48 (dd, J = 19.0, 15.0 Hz, 2H), 3.75 – 3.44 (m, 2H), 2.63 – 

2.35 (m, 1H), 2.23 – 1.96 (m, 1H) ppm. 

Endo C20: 13C NMR (101 MHz, CDCl3) δ 165.3, 148.0, 139.9, 139.5, 139.4, 137.1, 133.8, 130.2, 

129.5, 128.8, 128.5, 128.3, 128.2, 128.1, 127.7, 127.6, 127.5, 127.1, 126.4, 122.4, 119.6, 80.2, 47.3, 

46.5, 36.4, 34.2 ppm. 

Exo C20: 13C NMR (101 MHz, CDCl3) δ 165.2, 148.0, 139.9, 139.5, 139.4, 137.0, 133.6, 130.2, 129.5, 

128.8, 128.5, 128.3, 128.2, 128.1, 127.7, 127.6, 127.5, 127.1, 126.4, 122.4, 119.6, 75.6, 47.9, 46.7, 36.4, 

34.2 ppm. 

ESI-HRMS calcd for [C26H22NO2+Na+] = 438.1231, found 438.1234. 

IR ṽ (cm-1) 2919, 2360, 1696, 1453, 1394, 1242, 1110, 1047, 754, 699. 
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C21: (2S,4S)-6-benzyl-4-(2-bromophenyl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

C21: 59% yield, endo/exo = 66/34, 57%/89% ee; Colorless liquid, [α]25
D = 

-10.2 (c = 0.49, in CH2Cl2). 

SFC Chiralcel OJ-3, CO2/MeOH=90/10. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 8.21 min, t2 = 9.20 min, t3 = 9.66 min, t4 = 12.23 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.62 – 7.50 (m, 1H), 7.47 – 7.29 (m, 

7H), 7.28 – 7.21 (m, 4H), 7.08 (t, J = 6.9 Hz, 2H), 5.24 – 4.93 (d, J = 12.0 

Hz, 1H), 4.91 – 4.77 (d, J = 12.0 Hz, 1H), 4.48 (d, J = 12.0 Hz, 2H), 3.75 – 

3.45 (m, 2H), 2.53 (d, J = 8.4 Hz, 1H), 2.17 (d, J = 2.0 Hz, 1H) ppm. 

Endo C21: 13C NMR (101 MHz, CDCl3) δ 165.3, 147.9, 141.5, 139.4, 137.1, 137.0, 133.6, 133.2, 

129.6, 128.8, 128.5, 128.3, 128.2, 128.1, 127.7, 126.4, 124.2, 122.5, 119.7, 80.2, 47.2, 46.6, 36.7, 36.6 

ppm. 

Exo C21: 13C NMR (101 MHz, CDCl3) δ 165.1, 147.9, 141.5, 139.4, 137.1, 137.0, 133.6, 133.2, 129.6, 

128.8, 128.5, 128.3, 128.2, 128.1, 127.6, 126.4, 124.2, 122.5, 119.7, 75.5, 47.9, 46.7, 36.7, 36.6 ppm. 

ESI-HRMS calcd for [C26H22BrNO2+Na+] = 482.0726, found 482.0738. 

IR ṽ (cm-1) 2919, 2360, 1695, 1494, 1468, 1242, 1131, 1110, 894, 733, 699. 
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C22: (2S,4S)-6-benzyl-2-phenyl-4-(thiophen-2-yl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

C22: 29% yield, endo/exo = 97/3, 99%/0% ee; Colorless liquid, [α]25
D = 

-49.5 (c = 0.41, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 7.14 min, t2 = 7.92 min, t3 = 9.55 min, t4 = 10.30 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.45 (d, J = 7.2 Hz, 2H), 7.37 (t, J = 

7.2 Hz, 2H), 7.35 – 7.29 (m, 3H), 7.28 (m, 1H), 7.22 (d, J = 6.8 Hz, 2H), 

7.17 (d, J = 4.8 Hz, 1H), 6.99 – 6.79 (m, 2H), 5.16 (d, J = 10.4 Hz, 1H), 4.83 

(d, J = 15.0 Hz, 1H), 4.51 (d, J = 15.0 Hz, 0H), 4.42 (d, J = 15.0 Hz, 1H), 4.29 (dd, J = 10.4, 6.0 Hz, 

1H), 3.69 – 3.48 (m, 2H), 2.54 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.27 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

13C NMR (101 MHz, CDCl3) δ 165.2, 145.9, 143.9, 139.3, 137.1, 128.7, 128.5, 128.4, 128.0, 127.6, 

126.9, 126.4, 124.9, 124.3, 122.7, 80.3, 47.3, 46.5, 40.8, 35.1 ppm. 

ESI-HRMS calcd for [C24H21NO2S+Na+] = 410.1185, found 410.1188. 

IR ṽ (cm-1) 2917, 2360, 1690, 1494, 1453, 1240, 1102, 1047, 850, 734, 697. 
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C23: (2S,4R)-6-benzyl-4-(naphthalen-2-yl)-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

C23: 69% yield, endo/exo = 86/14, 92%/68% ee; Colorless liquid, [α]25
D 

= -24.0 (c = 0.52, in CH2Cl2). 

HPLC (Daicel chiralcel ID, n-hexane/i-PrOH 70/30, 1.0 mL/ min,  = 

210 nm), t1 = 32.66 min, t2 = 34.91 min, t3 = 38.97 min, t4 = 59.80 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.78 (ddt, J = 13.2, 9.0, 5.0 Hz, 

3H), 7.59 (d, J = 15.0 Hz, 1H), 7.47 (dq, J = 11.2, 5.2 Hz, 4H), 7.39 – 

7.29 (m, 4H), 7.29 – 7.26 (m, 2H), 7.25 – 7.13 (m, 4H), 5.18 (d, J = 9.2 

Hz, 1H), 4.89 – 4.80 (d, J = 15.0 Hz, 1H), 4.37 (d, J = 15.0 Hz, 1H), 

4.09 (td, J = 11.0, 6.8 Hz, 1H), 3.76 – 3.36 (m, 2H), 2.49 (ddd, J = 14.2, 

6.0, 1.6 Hz, 1H), 2.34 – 2.19 (m, 1H) ppm. 

Endo C23: 13C NMR (101 MHz, CDCl3) δ 165.4, 146.9, 140.4, 139.6, 138.6, 137.1, 133.5, 132.7, 

132.5, 128.9, 128.8, 128.5, 128.4, 128.3, 128.2, 128.1, 127.8, 127.7, 127.6, 126.6, 126.5, 126.4, 126.2, 

126.0, 125.2, 123.4, 80.2, 47.4, 46.5, 40.5, 40.2, ppm. 

Exo C23: 13C NMR (101 MHz, CDCl3) δ 165.4, 146.9, 140.4, 139.6, 138.6, 137.1, 133.4, 132.7, 132.5, 

128.9, 128.7, 128.5, 128.4, 128.3, 128.2, 128.1, 127.8, 127.7, 127.5, 126.6, 126.5, 126.4, 126.2, 126.0, 

125.2, 123.4, 75.6, 48.1, 46.7, 38.3, 37.1 ppm. 

ESI-HRMS calcd for [C30H25NO2+Na+] = 454.1778, found 454.1783. 

IR ṽ (cm-1) 3054, 2360, 1693, 1494, 1453, 1240, 1106, 1047, 821, 732, 698. 
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C24: (2S,4S)-4-(benzo[b]thiophen-3-yl)-6-benzyl-2-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol 

-7(2H)-one 

C24: 95% yield, endo/exo = 99/1, 99%/20% ee; Colorless liquid, [α]25
D = 

-59.9 (c = 0.86, in CH2Cl2). 

HPLC (Daicel chiralcel IB(N5), n-hexane/i-PrOH 70/30, 1.0 mL/ min,  = 

210 nm), t1 = 22.65 min, t2 = 31.09 min, t3 = 33.41 min, t4 = 38.82 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.84 (dd, J = 6.0, 2.8 Hz, 1H), 7.70 

(dq, J = 7.0, 3.6 Hz, 1H), 7.46 (d, J = 7.0 Hz, 2H), 7.33 (dtd, J = 13.6, 7.0, 

6.6, 2.0 Hz, 5H), 7.27 (dd, J = 8.4, 1.8 Hz, 2H), 7.24 – 7.21 (m, 1H), 7.17 (d, 

J = 8.4 Hz, 3H), 5.27 – 5.20 (m, 1H), 4.77 (d, J = 15.0 Hz, 1H), 4.40 (dd, J = 

16.0, 8.4 Hz, 2H), 3.66 – 3.58 (m, 1H), 3.40 (d, J = 18.2 Hz, 1H), 2.50 – 2.42 (m, 2H) ppm. 

13C NMR (101 MHz, CDCl3) δ 165.3, 146.6, 141.0, 139.4, 137.3, 137.1, 135.0, 128.7, 128.5, 128.3, 

127.9, 127.6, 126.4, 124.6, 124.4, 123.5, 123.3, 122.6, 121.5, 80.3, 47.6, 46.4, 38.0, 34.4, 25.4 ppm. 

ESI-HRMS calcd for [C28H23NO2S+Na+] = 460.1342, found 460.1346. 

IR ṽ (cm-1) 3061, 2360, 1692, 1494, 1454, 1241, 1119, 1045, 931, 734, 698. 
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C25: (2S,4R)-6-benzyl-2-phenyl-4-((E)-styryl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

C25: 30% yield, endo/exo = 85/15, 97%/83% ee; Colorless liquid, [α]25
D = 

-15.0 (c = 0.20, in CH2Cl2). 

SFC Chiralcel OJ-3, CO2/MeOH=80/20. 1.5mL/ min,  = 210 nm, retention 

time: t1 = 10.90 min, t2 = 14.28 min, t3 = 15.20 min, t4 = 17.69 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.44 (d, J = 7.0 Hz, 2H), 7.38 (d, J = 

7.0 Hz, 2H), 7.35 (d, J = 3.4 Hz, 2H), 7.34 – 7.31 (m, 4H), 7.30 (d, J = 4.4 

Hz, 5H), 7.27 (m, 1H), 6.51 (d, J = 15.0 Hz, 1H), 5.94 (dd, J = 15.0, 8.8 Hz, 

1H), 5.09 (d, J = 10.6 Hz, 1H), 4.74 (d, J = 15.0 Hz, 1H), 4.57 – 4.49 (m, 

2H), 3.68 (s, 2H), 2.37 – 2.25 (m, 1H), 2.06 – 1.99 (m, 1H) ppm. 

Endo C25: 13C NMR (101 MHz, CDCl3) δ 165.3, 145.8, 139.7, 137.2, 136.4, 132.5, 129.2, 128.9, 

128.8, 128.7, 128.6, 128.5, 128.4, 128.2, 127.9, 127.9, 127.8, 127.6, 126.4, 126.3, 126.2, 122.6, 79.7, 

47.6, 46.6, 43.8, 37.9, 37.5 ppm. 

Exo C25: 13C NMR (101 MHz, CDCl3) δ 159.6, 145.8, 139.7, 137.2, 136.4, 132.5, 129.2, 128.9, 128.8, 

128.7, 128.6, 128.5, 128.4, 128.2, 127.9, 127.9, 127.8, 127.6, 126.4, 126.3, 126.2, 122.6, 70.5, 47.6, 

46.6, 43.8, 37.9, 37.5 ppm. 

ESI-HRMS calcd for [C28H25NO2+Na+] = 430.1778, found 430.1784. 

IR ṽ (cm-1) 2918, 2360, 1698, 1521, 1454, 1243, 751, 698. 
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C26: 4-((2S,4R)-6-benzyl-7-oxo-2-phenyl-2,3,4,5,6,7-hexahydropyrano[2,3-c]pyrrol-4-yl) 

phenyl (S)-2-(4-isobutylphenyl)propanoate 

C26: 97% yield, endo/exo = 92.3/7.7, dr (endo) = 90.8:1.5, dr (exo) = 

6.8:0.9; Colorless liquid, [α]26
D = 27.0 (c = 1.09, in CH2Cl2). 

HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 70/30, 1.0 mL/ min,  = 

210 nm), retention time: t1 = 14.67 min, t2 = 23.51 min, t3 = 25.66 min, 

t4 = 46.26 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.54 – 7.36 (m, 2H), 7.35 (d, J 

= 6.8 Hz, 1H), 7.32 (dd, J = 4.0, 2.0 Hz, 2H), 7.30 – 7.24 (m, 5H), 

7.23 – 7.18 (m, 2H), 7.12 (dt, J = 13.8, 6.0 Hz, 4H), 6.99 – 6.86 (m, 

2H), 5.13 (d, J = 10.6 Hz, 1H), 4.84 (d, J = 14.8 Hz, 1H), 4.35 (d, J = 

14.8 Hz, 1H), 3.90 (dq, J = 12.8, 6.4, 6.0 Hz, 2H), 3.59 – 3.33 (m, 2H), 2.46 (d, J = 7.2 Hz, 2H), 2.40 

(ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.10 (dt, J = 14.0, 11.2 Hz, 1H), 1.86 (dt, J = 13.6, 6.8 Hz, 1H), 1.58 

(d, J = 7.2 Hz, 3H), 0.90 (d, J = 6.6 Hz, 6H) ppm. 

Endo C26: 13C NMR (101 MHz, CDCl3) δ 173.3, 165.2, 149.9, 146.8, 140.9, 139.5, 138.6, 137.1, 

137.0, 129.6, 128.8, 128.7, 128.5, 128.4, 128.3, 128.2, 127.6, 127.2, 126.4, 123.1, 121.9, 80.2, 47.3, 

46.5, 45.2, 45.1, 40.7, 39.4, 30.2, 22.4, 18.2 ppm. 

Exo C26: 13C NMR (101 MHz, CDCl3) δ 173.3, 165.2, 149.8, 146.9, 141.2, 139.7, 138.7, 137.2, 137.0, 

129.6, 128.8, 128.7, 128.5, 128.4, 128.3, 128.2, 127.7, 127.3, 126.2, 123.1, 120.5, 75.5, 48.0, 46.6, 45.2, 

45.1, 38.5, 36.4, 30.2, 22.4, 18.5 ppm. 

ESI-HRMS calcd for [C39H39NO4+Na+] = 608.2771, found 608.2778. 

IR ṽ (cm-1) 2954, 2360, 1752, 1697, 1540, 1454, 1241, 1139, 1071, 869, 848, 752, 699. 
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C27: 4-((2S,4R)-6-benzyl-7-oxo-2-phenyl-2,3,4,5,6,7-hexahydropyrano[2,3-c]pyrrol-4-yl) 

phenyl 2-(4-(4-chlorobenzoyl)phenoxy)-2-methylpropanoate 

C27: 86% yield, endo/exo = 90.5/9.5, ee: 

98%/93%; Colorless liquid, [α]26
D = -16.1 (c = 

0.99, in CH2Cl2). 

HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 

70/30, 1.0 mL/ min,  = 210 nm), retention time: t1 

= 32.33 min, t2 = 40.16 min, t3 = 45.46 min, t4 = 

79.81 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.81 – 7.68 (m, 4H), 7.54 – 7.37 (m, 4H), 7.37 – 7.26 (m, 6H), 

7.24 – 7.18 (m, 2H), 7.18 – 7.11 (m, 2H), 7.02 – 6.87 (m, 4H), 5.14 (d, J = 10.4 Hz, 1H), 4.83 (dd, J = 

15.0, 11.2 Hz, 1H), 4.36 (d, J = 15.0 Hz, 1H), 3.92 (dd, J = 10.8, 6.0 Hz, 1H), 3.61 – 3.34 (m, 2H), 2.50 

– 2.34 (m, 1H), 2.11 (dt, J = 14.0, 11.2 Hz, 1H), 1.81 (s, 6H) ppm. 

Endo C27: 13C NMR (101 MHz, CDCl3) δ 194.2, 172.5, 165.2, 159.5, 149.5, 146.9, 139.4, 139.3, 

138.6, 137.0, 136.2, 132.6, 131.5, 130.2, 128.8, 128.7, 128.6, 128.5, 128.3, 128.1, 127.6, 126.3, 122.8, 

121.7, 117.3, 80.1, 79.4, 47.2, 46.5, 40.8, 39.4, 25.5, 25.4 ppm. 

Exo C27: 13C NMR (101 MHz, CDCl3) δ 194.2, 172.5, 164.7, 159.4, 149.4, 146.8, 139.4, 139.3, 138.6, 

137.0, 136.2, 132.2, 131.2, 130.7, 128.8, 128.7, 128.6, 128.5, 128.3, 128.1, 127.7, 126.2, 122.4, 120.8, 

117.3, 76.0, 75.5, 47.9, 46.6, 38.3, 36.4, 25.5, 25.4 ppm. 

ESI-HRMS calcd for [C43H36ClNO6+Na+] = 720.2123, found 720.2129. 

IR ṽ (cm-1) 2922, 2360, 1752, 1697, 1651, 1596, 1504, 1243, 1166, 1113, 927, 852, 699. 
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C28: 4-((2S,4R)-6-benzyl-7-oxo-2-phenyl-2,3,4,5,6,7-hexahydropyrano[2,3-c]pyrrol-4-yl) 

phenyl 2-(1-(4-chlorobenzoyl)-2-methyl-1H-indol-3-yl)acetate 

C28: 86% yield, endo/exo = 91.6/8.4, ee: 99%/80%; 

Colorless liquid, [α]26
D = -18.6 (c = 1.16, in CH2Cl2). 

HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 70/30, 1.0 mL/ 

min,  = 210 nm), retention time: t1 = 54.56 min, t2 = 70.49 

min, t3 = 80.90 min, t4 = 89.36 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.66 (dd, J = 8.8, 2.0 

Hz, 2H), 7.51 – 7.44 (m, 2H), 7.42 (d, J = 7.0 Hz, 2H), 7.34 

(m, 1H), 7.33 – 7.26 (m, 4H), 7.26 (m, 1H), 7.24 – 7.18 (m, 

2H), 7.12 (d, J = 8.8 Hz, 2H), 7.09 – 6.93 (m, 3H), 6.88 (d, J 

= 9.0 Hz, 1H), 6.69 (dd, J = 9.0, 2.4 Hz, 1H), 5.13 (d, J = 10.8 Hz, 1H), 4.83 (d, J = 15.0 Hz, 1H), 4.36 

(d, J = 15.0 Hz, 1H), 3.91 (d, J = 7.6 Hz, 3H), 3.82 (s, 3H), 3.65 – 3.38 (m, 2H), 2.45 (d, J = 5.2 Hz, 

4H), 2.10 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo C28: 13C NMR (101 MHz, CDCl3) δ 169.3, 168.3, 165.2, 156.1, 149.8, 146.9, 139.5, 139.4, 

138.9, 137.1, 136.3, 133.8, 131.2, 130.9, 130.5, 129.2, 128.8, 128.6, 128.5, 128.3, 128.2, 128.1, 127.6, 

126.4, 122.9, 121.9, 115.1, 111.9, 111.7, 101.3, 80.2, 47.3, 46.5, 40.8, 39.4, 30.6, 13.5 ppm. 

Exo C28: 13C NMR (101 MHz, CDCl3) δ 169.4, 168.3, 165.2, 156.1, 149.7, 147.0, 140.6, 139.5, 138.5, 

137.0, 136.3, 133.8, 131.2, 130.9, 130.5, 129.2, 128.8, 128.5, 128.4, 128.3, 128.2, 128.1, 127.7, 126.2, 

122.9, 120.4, 116.0, 111.9, 111.7, 101.3, 75.5, 47.9, 46.6, 40.8, 36.6, 30.6, 14.2 ppm. 

ESI-HRMS calcd for [C44H35ClN2O5+Na+] = 759.2232, found 729.2239. 

IR ṽ (cm-1) 2924, 2360, 1947, 1699, 1650, 1557, 1540, 1521, 1747, 1318, 1260, 1128, 699. 
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C29: 4-((2S,4R)-6-benzyl-7-oxo-2-phenyl-2,3,4,5,6,7-hexahydropyrano[2,3-c]pyrrol-4-yl) 

phenyl 2-acetoxybenzoate 

C29: 91% yield, endo/exo = 94.0/6.0, ee: 97%/85%; Colorless 

liquid, [α]26
D = -25.5 (c = 0.80, in CH2Cl2). 

HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 70/30, 1.0 mL/ min, 

 = 210 nm), retention time: t1 = 12.72 min, t2 = 14.54 min, t3 = 

16.69 min, t4 = 25.10 min. 

1H NMR (400 MHz, Chloroform-d) δ 8.42 – 8.04 (m, 1H), 7.89 – 

7.51 (m, 1H), 7.43 (t, J = 9.6 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 

7.34 – 7.27 (m, 4H), 7.23 (dd, J = 13.6, 6.4 Hz, 4H), 7.20 – 7.15 

(m, 2H), 7.11 (d, J = 8.4 Hz, 2H), 5.16 (d, J = 11.2 Hz, 1H), 4.86 (d, J = 14.8 Hz, 1H), 4.55 – 4.34 (m, 

1H), 3.95 (dd, J = 10.8, 6.0 Hz, 1H), 3.70 – 3.42 (m, 2H), 2.44 (dd, J = 13.2, 5.6 Hz, 1H), 2.30 (s, 3H), 

2.15 (q, J = 11.4 Hz, 1H) ppm. 

13C NMR (101 MHz, CDCl3) δ 169.7, 165.2, 162.9, 151.2, 149.6, 146.9, 139.5, 139.1, 137.1, 134.8, 

132.2, 128.8, 128.7, 128.5, 128.3, 128.2, 127.7, 126.4, 126.3, 126.2, 124.1, 122.9, 122.4, 122.3, 80.2, 

47.3, 46.5, 40.9, 39.5, 21.1 ppm. 

ESI-HRMS calcd for [C35H29NO6+Na+] = 582.1887, found 582.1889. 

IR ṽ (cm-1) 2925, 2360, 1739, 1693, 1605, 1504, 1453, 1287, 1242, 1190, 1164, 1050, 751, 700. 
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C30: 4-((2S,4R)-6-benzyl-7-oxo-2-phenyl-2,3,4,5,6,7-hexahydropyrano[2,3-c]pyrrol-4-yl) 

phenyl (R)-2-(6-methoxynaphthalen-2-yl)propanoate 

C30: 95% yield, endo/exo = 87.7/12.3, dr (endo) = 

83.6:4.1, dr (exo) = 9.9:2.4; Colorless liquid, [α]26
D = 

36.4 (c = 0.98, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/i-PrOH = 70/30. 1.5 mL/min, 

 = 210 nm, retention time: t1 = 22.67 min, t2 = 24.67 

min, t3 = 26.55 min, t4 = 31.38 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.72 (t, J = 7.0 Hz, 

3H), 7.52 – 7.44 (m, 1H), 7.44 – 7.35 (m, 2H), 7.31 (dd, J = 12.8, 7.0 Hz, 4H), 7.26 (d, J = 8.2 Hz, 2H), 

7.19 (d, J = 7.0 Hz, 2H), 7.17 – 7.12 (m, 2H), 7.07 (d, J = 8.2 Hz, 2H), 6.93 (dd, J = 16.8, 8.2 Hz, 2H), 

5.11 (d, J = 10.8 Hz, 1H), 4.82 (d, J = 14.8 Hz, 1H), 4.34 (d, J = 14.8 Hz, 1H), 4.06 (q, J = 7.2 Hz, 1H), 

3.91 (s, 3H), 3.87 (dd, J = 10.8, 6.2 Hz, 1H), 3.62 – 3.26 (m, 2H), 2.48 – 2.31 (m, 1H), 2.08 (dd, J = 

11.2, 2.4 Hz, 1H), 1.67 (d, J = 7.0 Hz, 3H) ppm. 

Endo C30: 13C NMR (101 MHz, CDCl3) δ 173.2, 165.2, 157.8, 149.9, 146.8, 139.6, 138.4, 137.0, 

134.7, 133.8, 129.3, 129.0, 128.8, 128.7, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 127.6, 127.4, 126.3, 

126.2, 126.1, 123.0, 121.9, 121.9, 119.2, 105.7, 80.1, 55.4, 47.3, 46.5, 45.6, 40.7, 39.4, 18.5 ppm. 

Exo C30: 13C NMR (101 MHz, CDCl3) δ 173.3, 165.2, 157.8, 149.9, 146.9, 139.5, 138.7, 137.1, 135.0, 

133.9, 129.3, 129.0, 128.8, 128.7, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 127.6, 127.4, 126.3, 126.2, 

126.1, 123.0, 121.9, 121.9, 119.2, 105.7, 75.5, 60.4, 47.9, 46.5, 45.6, 38.5, 36.4, 20.6 ppm. 

ESI-HRMS calcd for [C40H35NO5+Na+] = 632.2407, found 632.2415. 

IR ṽ (cm-1) 2934, 2360, 1750, 1696, 1604, 1504, 1454, 1240, 1198, 1165, 1029, 852, 733, 698. 
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C31: 4-((2S,4R)-6-benzyl-7-oxo-2-phenyl-2,3,4,5,6,7-hexahydropyrano[2,3-c]pyrrol-4-yl) 

phenyl 6-(3-((3s)-adamantan-1-yl)-4-methoxyphenyl)-2-naphthoate 

C31: 62% yield, endo/exo = 95.3/4.7, ee: 98%/73%; 

Colorless liquid, [α]26
D = -12.6 (c = 0.53, in CH2Cl2. 

HPLC (Daicel chiralcel IB-N5, n-hexane/i-PrOH 90/10, 

1.0 mL/ min,  = 210 nm), retention time: t1 = 203.20 

min, t2 = 227.70 min, t3 = 244.04 min, t4 = 268.95 min. 

1H NMR (400 MHz, Chloroform-d) δ 8.76 (d, J = 5.8 

Hz, 1H), 8.19 – 8.14 (m, 1H), 8.06 – 8.01 (m, 2H), 7.97 

(d, J = 8.8 Hz, 1H), 7.85 – 7.81 (m, 1H), 7.63 – 7.61 (m, 

1H), 7.58 – 7.55 (m, 1H), 7.46 (d, J = 7.0 Hz, 2H), 7.38 (d, J = 7.0 Hz, 2H), 7.32 (dd, J = 10.8, 6.4 Hz, 

4H), 7.27 – 7.22 (m, 6H), 7.01 (d, J = 8.8 Hz, 1H), 5.18 (d, J = 11.2 Hz, 1H), 4.87 (d, J = 15.0 Hz, 1H), 

4.40 (d, J = 15.0 Hz, 1H), 3.97 (dd, J = 10.8, 6.4 Hz, 1H), 3.91 (s, 3H), 3.71 – 3.44 (m, 2H), 2.47 (dd, J 

= 12.8, 6.0 Hz, 1H), 2.19 (m, 6H), 2.11 (m, 3H), 1.81 (m, 7H) ppm. 

13C NMR (101 MHz, CDCl3) δ 165.4, 165.3, 159.1, 150.2, 146.9, 141.9, 139.1, 139.0, 138.8, 137.1, 

136.3, 132.4, 131.8, 131.2, 129.9, 128.9, 128.8, 128.6, 128.5, 128.4, 128.3, 128.2, 127.9, 127.7, 126.7, 

126.4, 126.0, 125.9, 125.8, 125.8, 124.78, 123.1, 122.4, 112.2, 80.2, 55.2, 47.4, 46.6, 40.9, 40.6, 39.5, 

37.2, 37.1, 29.1 ppm. 

ESI-HRMS calcd for [C54H49NO5+Na+] = 814.3503, found 814.3514. 

IR ṽ (cm-1) 2903, 2360, 1734, 1684, 1557, 1507, 1472, 1276, 1175, 699, 420. 
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C32: 4-((2S,4R)-6-benzyl-7-oxo-2-phenyl-2,3,4,5,6,7-hexahydropyrano[2,3-c]pyrrol-4-yl) 

phenyl ((R)-2,5,6,8-tetramethyl-2-((4S,8S)-4,8,12-trimethyltridecyl)chroman-7-yl) succinate 

C32: 70% yield, endo/exo = 94.3/5.7, dr (endo) = 93.8:0.5, 

dr (exo) = 5.2:0.5; Colorless liquid, [α]26
D = -12.9 (c = 

0.90, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/i-PrOH = 70/30. 1.5 mL/min,  

= 210 nm, retention time: t1 = 22.43 min, t2 = 27.08 min, 

t3 = 35.92 min, t4 = 43.53 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.48 – 7.37 (m, 2H), 

7.35 (m, 1H), 7.34 – 7.28 (m, 4H), 7.28 – 7.25 (m, 1H), 7.25 – 7.20 (m, 2H), 7.14 (d, J = 8.4 Hz, 2H), 

7.02 (d, J = 8.4 Hz, 2H), 5.15 (d, J = 10.8 Hz, 1H), 4.85 (d, J = 14.8 Hz, 1H), 4.38 (d, J = 15.0 Hz, 1H), 

3.91 (dd, J = 10.8, 6.0 Hz, 1H), 3.49 (q, J = 18.4 Hz, 2H), 3.13 – 2.92 (m, 4H), 2.58 (t, J = 6.4 Hz, 2H), 

2.47 – 2.38 (m, 1H), 2.18 – 2.10 (m, 1H), 2.08 (s, 3H), 2.01 (s, 3H), 1.96 (s, 3H), 1.77 (dt, J = 13.2, 6.8 

Hz, 2H), 1.57 – 1.49 (m, 3H), 1.48 – 1.31 (m, 6H), 1.29 – 1.20 (m, 10H), 1.17 – 1.11 (m, 3H), 1.11 – 

1.00 (m, 4H), 0.86 (d, J = 6.8 Hz, 10H) ppm. 

13C NMR (101 MHz, CDCl3) δ 170.9, 170.8, 165.3, 149.7, 149.5, 146.9, 140.4, 139.5, 138.8, 137.1, 

128.8, 128.6, 128.5, 128.3, 128.2, 127.6, 126.7, 126.4, 124.9, 123.1, 123.0, 122.1, 117.5, 80.2, 75.1, 

47.3, 46.6, 40.8, 39.5, 39.4, 37.5, 37.5, 37.3, 32.8, 32.7, 29.3, 28.8, 28.0, 24.8, 24.5, 22.8, 22.7, 21.1, 

20.6, 19.8, 19.7, 13.0, 12.2, 11.9 ppm. 

ESI-HRMS calcd for [C59H75NO7+Na+] = 932.5436, found 932.5450. 

IR ṽ (cm-1) 2924, 2360, 1750, 1698, 1673, 1540, 1456, 1360, 1241, 1199, 1131, 888, 751, 699. 
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4 43.528 150868 0.49 3245 

C33: 4-((2S,4R)-6-benzyl-7-oxo-2-phenyl-2,3,4,5,6,7-hexahydropyrano[2,3-c]pyrrol-4-yl) 

Phenyl(4S)-4-((2S,8R,9S,10S,13R,14S,17R)-2-acetoxy-10,13-dimethylhexadecahydro-1H-cyclopen

ta[a]phenanthren-17-yl)pentanoate 

C33: 75% yield, endo/exo = 91.5/8.5, dr (endo) = 90.3:1.2, dr 

(exo) = 7.4:1.1; Colorless liquid, [α]26
D = 8.7 (c = 0.78, in 

CH2Cl2). 

HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 70/30, 1.0 mL/ min, 

 = 210 nm), retention time: t1 = 18.42 min, t2 = 27.45 min, t3 = 

30.00 min, t4 = 47.57 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.43 (d, J = 7.2 Hz, 2H), 

7.33 (dt, J = 17.4, 7.2 Hz, 5H), 7.26 (m, 1H), 7.22 (d, J = 7.0 Hz, 

2H), 7.15 (d, J = 8.4 Hz, 2H), 7.01 (d, J = 8.4 Hz, 2H), 5.15 (d, J = 11.2 Hz, 1H), 4.86 (d, J = 14.8 Hz, 

1H), 4.72 (dt, J = 11.2, 6.4 Hz, 1H), 4.37 (d, J = 14.8 Hz, 1H), 3.92 (dd, J = 10.6, 6.0 Hz, 1H), 3.49 (q, 

J = 18.4 Hz, 2H), 2.63 – 2.54 (m, 1H), 2.45 (dq, J = 12.8, 6.8, 5.0 Hz, 2H), 2.18 – 2.08 (m, 1H), 2.03 (s, 

3H), 1.98 (d, J = 11.2 Hz, 1H), 1.90 – 1.78 (m, 5H), 1.69 (d, J = 10.4 Hz, 1H), 1.54 (d, J = 13.0 Hz, 

2H), 1.47 – 1.37 (m, 7H), 1.24 (q, J = 13.6 Hz, 4H), 1.17 – 1.02 (m, 6H), 0.97 (d, J = 6.0 Hz, 3H), 0.93 

(s, 3H), 0.65 (d, J = 6.0 Hz, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 172.8, 170.7, 165.3, 149.9, 146.9, 139.5, 138.6, 137.1, 128.8, 128.7, 

128.5, 128.4, 128.3, 128.2, 128.1, 127.6, 126.4, 123.0, 122.1, 80.2, 74.4, 56.5, 56.0, 47.3, 46.5, 42.8, 

41.9, 40.8, 40.4, 40.2, 39.5, 35.8, 35.4, 35.1, 34.6, 32.3, 31.4, 30.9, 28.3, 27.0, 26.6, 26.3, 24.2, 23.4, 

21.5, 20.9, 18.3, 12.1 ppm. 

ESI-HRMS calcd for [C52H63NO6+Na+] = 820.4548, found 820.4557. 

IR ṽ (cm-1) 2930, 2360, 1732, 1698, 1673, 1540, 1453, 1241, 1200, 1136, 1023, 885, 734, 699. 
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4 47.567 54615740 90.34 236937 

C34: 4-((2S,4R)-6-benzyl-7-oxo-2-phenyl-2,3,4,5,6,7-hexahydropyrano[2,3-c]pyrrol-4-yl) 

phenyl (2S,4aS,6aS,6bR,8aR,10S,12aS,12bR,14bR)-10-acetoxy-2,4a,6a,6b,9,9,12a-heptamethyl-13 

-oxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-icosahydropicene-2-carboxylate 

C34: 82% yield, endo/exo = 93.0/7.0, dr (endo) = 

92.1:0.9, dr (exo) = 6.6:0.4; Colorless liquid, [α]26
D = 

114.4 (c = 1.06, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/i-PrOH = 70/30. 1.0 mL/min, 

 = 210 nm, retention time: t1 = 30.53 min, t2 = 33.23 

min, t3 = 35.86 min, t4 = 60.89 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.44 (d, J = 7.2 

Hz, 2H), 7.38 – 7.28 (m, 5H), 7.26 (d, J = 4.6 Hz, 1H), 7.23 (d, J = 7.2 Hz, 2H), 7.17 (q, J = 7.2, 6.8 Hz, 

2H), 7.05 – 6.94 (m, 2H), 5.65 (s, 1H), 5.15 (d, J = 10.8 Hz, 1H), 4.88 (d, J = 15.0 Hz, 1H), 4.52 (dd, J 

= 11.6, 4.8 Hz, 1H), 4.35 (d, J = 15.0 Hz, 1H), 3.93 (dd, J = 10.8, 6.0 Hz, 1H), 3.50 (q, J = 18.4 Hz, 

2H), 2.78 (d, J = 13.6 Hz, 1H), 2.48 – 2.39 (m, 1H), 2.37 (s, 1H), 2.25 – 2.18 (m, 1H), 2.17 – 2.08 (m, 

2H), 2.05 (m, 5H), 1.92 – 1.76 (m, 2H), 1.78 – 1.54 (m, 5H), 1.45 (d, J = 7.6 Hz, 5H), 1.39 (s, 3H), 

1.33 (s, 3H), 1.21 (d, J = 13.2 Hz, 2H), 1.15 (d, J = 10.2 Hz, 5H), 1.10 – 0.99 (m, 2H), 0.87 (d, J = 13.6 

Hz, 9H) ppm. 

13C NMR (101 MHz, CDCl3) δ 200.1, 175.1, 171.1, 168.9, 165.2, 149.9, 146.9, 139.5, 138.7, 137.1, 

128.9, 128.8, 128.6, 128.5, 128.3, 128.2, 128.1, 127.6, 126.4, 123.0, 121.9, 80.6, 80.2, 61.8, 55.0, 48.6, 

47.3, 46.5, 45.4, 44.3, 43.2, 41.1, 40.7, 39.5, 38.8, 38.1, 37.7, 36.9, 32.7, 31.9, 31.2, 28.6, 28.1, 28.0, 

26.5, 26.4, 23.6, 23.4, 21.4, 18.7, 17.4, 16.7, 16.4 ppm. 

ESI-HRMS calcd for [C58H69NO7+Na+] = 914.4966, found 914.4980. 

IR ṽ (cm-1) 2947, 2360, 1729, 1698, 1670, 1655, 1504, 1455, 1364, 1242, 1198, 1124, 1073, 1027, 883, 

733, 699. 

30
.6

22

32
.9

41 37
.3

94

57
.3

84AU

0.00

0.20

Minutes

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00

 

 Retention Time Area % Area Height 

1 30.622 6792765 10.22 102868 

2 32.941 6885518 10.36 85341 

3 37.394 26194821 39.40 210464 

4 57.384 26618050 40.03 130480 

30
.5

25

33
.2

27

35
.8

55

60
.8

99

AU

0.00

0.20

0.40

Minutes

0.00 10.00 20.00 30.00 40.00 50.00 60.00

 

 Retention Time Area % Area Height 

1 30.525 4283094 6.63 59399 

2 33.227 248234 0.38 4841 



57 
 

3 35.855 59455006 92.08 387414 

4 60.899 580792 0.90 4296 

 

C35: 4-((2S,4R)-6-benzyl-7-oxo-2-phenyl-2,3,4,5,6,7-hexahydropyrano[2,3-c]pyrrol-4-yl) 

phenyl 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoate 

C35: 76% yield, endo/exo = 87.7/12.3, ee; 90%/65%; Colorless 

liquid, [α]26
D = -16.3 (c = 0.83, in CH2Cl2). 

SFC Chiralcel IA-3, CO2/i-PrOH = 70/30. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 9.13 min, t2 = 13.88 min, t3 = 14.53 min, t4 = 

23.27 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.43 (d, J = 7.2 Hz, 2H), 

7.36 – 7.28 (m, 5H), 7.26 – 7.19 (m, 3H), 7.13 (d, J = 8.4 Hz, 2H), 

7.02 – 6.91 (m, 3H), 6.69 – 6.58 (m, 2H), 5.15 (d, J = 11.0 Hz, 1H), 

4.84 (d, J = 14.8 Hz, 1H), 4.37 (d, J = 14.8 Hz, 1H), 3.97 (d, J = 3.8 Hz, 2H), 3.91 (dd, J = 10.8, 6.0 Hz, 

1H), 3.66 – 3.33 (m, 2H), 2.47 – 2.38 (m, 1H), 2.29 (s, 3H), 2.16 (m, 4H), 1.86 (m, 4H), 1.36 (d, J = 

6.0 Hz, 6H) ppm. 

Endo C35: 13C NMR (101 MHz, CDCl3) δ 176.4, 165.2, 156.9, 150.1, 146.9, 139.5, 138.6, 137.1, 

136.5, 130.4, 128.9, 128.8, 128.5, 128.3, 128.2, 128.1, 127.6, 126.4, 126.2, 123.6, 123.0, 122.1, 122.0, 

120.8, 111.9, 80.2, 67.8, 47.3, 46.6, 42.5, 40.8, 39.5, 37.1, 25.3, 25.1, 21.4, 15.8 ppm.  

Exo C35: 13C NMR (101 MHz, CDCl3) δ 176.4, 166.0, 157.4, 150.1, 146.9, 139.6, 138.6, 137.0, 136.5, 

130.4, 128.9, 128.8, 128.5, 128.3, 128.2, 128.1, 127.6, 126.4, 126.2, 123.6, 123.0, 122.1, 122.0, 120.6, 

108.6, 75.5, 67.8, 50.4, 46.7, 42.5, 40.8, 38.5, 36.4, 25.3, 25.1, 22.7, 14.2 ppm. 

ESI-HRMS calcd for [C41H43NO5+Na+] = 652.3033, found 652.3041. 

IR ṽ (cm-1) 2921, 2360, 1746, 1697, 1506, 1242, 1200, 1162, 1111, 890, 805, 752, 699. 
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2 13.883 822592 2.19 47173 

3 14.526 1641426 4.37 78484 

4 23.274 31301892 83.32 411786 
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D1: (2S,4R)-6-benzyl-4-phenyl-2-(p-tolyl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

D1: 67% yield, endo/exo = 80/20, 90%/35% ee; Colorless liquid, 

[α]25
D = -22.1 (c = 0.52, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 6.23 min, t2 = 6.85 min, t3 = 8.50 min, t4 = 8.93 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.33 (d, J = 8.0 Hz, 3H), 7.30 – 

7.27 (m, 3H), 7.26 (d, J = 3.6 Hz, 1H), 7.23 – 7.18 (m, 3H), 7.14 (t, J 

= 7.4 Hz, 4H), 5.12 (d, J = 10.9 Hz, 1H), 4.83 (d, J = 15.0 Hz, 1H), 

4.38 (d, J = 15.0 Hz, 1H), 3.89 (dd, J = 10.8, 6.0 Hz, 1H), 3.65 – 3.35 (m, 2H), 2.44 – 2.38 (m, 1H), 

2.33 (s, 3H), 2.15 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo D1: 13C NMR (101 MHz, CDCl3) δ 165.5, 146.8, 141.3, 137.9, 137.2, 136.7, 129.1, 128.9, 128.8, 

128.1, 127.8, 127.6, 127.3, 127.1, 126.4, 123.4, 80.1, 47.3, 46.5, 40.7, 40.1, 21.2 ppm. 

Exo D1: 13C NMR (101 MHz, CDCl3) δ 165.5, 146.8, 143.1, 137.7, 137.1, 136.7, 130.2, 128.9, 128.7, 

128.2, 127.8, 127.7, 127.3, 127.1, 126.1, 120.1, 75.5, 48.0, 46.6, 38.4, 40.5, 21.2 ppm. 

ESI-HRMS calcd for [C27H25NO2+Na+] = 418.1778, found 418.1779. 

IR ṽ (cm-1) 2919, 2360, 1693, 1493, 1452, 1241, 1110, 1048, 815, 735, 700. 
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D2: (2S,4R)-6-benzyl-2-(4-(tert-butyl)phenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

D2: 49% yield, endo/exo = 74/26, 73%/0% ee; Colorless liquid, 

[α]26
D = -9.0 (c = 0.41, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 2.26 min, t2 = 2.68 min, t3 = 3.67 min, t4 = 3.99 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.37 (m, 3H), 7.35 – 7.31 (m, 

2H), 7.31 – 7.27 (m, 3H), 7.23 (dd, J = 14.4, 4.0 Hz, 4H), 7.18 – 

7.09 (m, 2H), 5.21 – 5.04 (d, J = 11.2, 1H), 4.83 (d, J = 15.0, Hz, 

1H), 4.44 (d, J = 15.0 Hz, 1H), 3.90 (dd, J = 10.4, 6.0 Hz, 1H), 3.65 – 3.33 (m, 2H), 2.53 – 2.36 (m, 

1H), 2.17 (m, 1H), 1.30 (s, 9H) ppm. 

Endo D2: 13C NMR (101 MHz, CDCl3) δ 165.4, 151.3, 146.8, 143.1, 141.4, 137.2, 136.6, 128.9, 128.8, 

128.1, 127.9, 127.6, 127.3, 127.1, 126.2, 126.0, 125.3, 123.3, 80.0, 47.3, 46.5, 40.5, 40.0, 34.6, 31.3 

ppm. 

Exo D2: 13C NMR (101 MHz, CDCl3) δ 165.4, 151.1, 146.9, 143.1, 141.0, 137.1, 136.6, 129.0, 128.9, 

128.2, 127.9, 127.6, 127.3, 127.1, 126.2, 126.0, 125.3, 120.7, 75.5, 48.0, 46.6, 38.1, 36.9, 34.6, 31.1 

ppm. 

ESI-HRMS calcd for [C30H31NO2+Na+] = 460.2247, found 460.2248. 

IR ṽ (cm-1) 2961, 2360, 1694, 1493, 1454, 1242, 1113, 833, 763, 701, 581. 
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D3: (2S,4R)-2-([1,1'-biphenyl]-4-yl)-6-benzyl-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

D3: 94% yield, endo/exo = 80/20, 86%/30% ee; Colorless liquid, 

[α]25
D = -17.7 (c = 0.81, in CH2Cl2). 

SFC Chiralcel ID-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 25.00 min, t2 = 28.47 min, t3 = 32.57 min, t4 = 

36.00 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.64 – 7.55 (m, 4H), 7.52 (t, 

J = 7.0 Hz, 2H), 7.40 (dt, J = 16.4, 7.2 Hz, 3H), 7.36 – 7.31 (m, 2H), 

7.31 – 7.25 (m, 4H), 7.24 – 7.20 (m, 2H), 7.20 – 7.05 (m, 2H), 5.20 

(d, J = 10.6 Hz, 1H), 4.84 (d, J = 15.0 Hz, 1H), 4.39 (d, J = 15.0 Hz, 1H), 3.92 (dd, J = 10.6, 6.0 Hz, 

1H), 3.68 – 3.39 (m, 2H), 2.58 – 2.37 (m, 1H), 2.25 – 2.11 (m, 1H) ppm. 

Endo D3: 13C NMR (101 MHz, CDCl3) δ 165.4, 146.8, 146.8, 142.9, 141.3, 141.1, 140.8, 140.7, 138.7, 

137.1, 129.0, 128.9, 128.8, 128.7, 128.2, 128.1, 127.9, 127.7, 127.6, 127.5, 127.4, 127.4, 127.2, 127.1, 

126.9, 126.7, 123.5, 79.9, 47.3, 46.5, 40.7, 40.0 ppm. 

Exo D3: 13C NMR (101 MHz, CDCl3) δ 165.4, 146.8, 146.8, 143.0, 141.3, 141.1, 140.9, 140.8, 138.7, 

137.2, 129.0, 128.9, 128.8, 128.7, 128.2, 128.1, 127.9, 127.7, 127.6, 127.5, 127.4, 127.4, 127.2, 127.1, 

126.9, 126.7, 120.9, 75.4, 48.0, 46.6, 38.5, 36.9 ppm. 

ESI-HRMS calcd for [C32H27NO2+Na+] = 480.1934, found 480.1938. 

IR ṽ (cm-1) 3028, 2360, 1694, 1489, 1452, 1240, 1110, 1048, 1005, 732, 698. 
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D4: (2S,4R)-6-benzyl-2-(4-methoxyphenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

D4: 86% yield, endo/exo = 65/35, 31%/27% ee; Colorless liquid, 

[α]25
D = -2.9 (c = 0.82, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 

nm, retention time: t1 = 8.17 min, t2 = 8.68 min, t3 = 10.87 min, t4 

= 19.28 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.40 – 7.33 (m, 2H), 7.30 

(d, J = 7.6 Hz, 2H), 7.29 – 7.22 (m, 5H), 7.22 – 7.16 (m, 2H), 

7.14 (d, J = 7.0 Hz, 1H), 6.86 (dd, J = 12.4, 8.8 Hz, 2H), 5.18 – 

4.98 (d, J = 10.8 Hz, 1H), 4.83 (d, J = 4.2 Hz, 1H), 4.44 (d, J = 4.2 Hz, 1H), 3.93 – 3.77 (m, 4H), 3.67 

– 3.38 (m, 2H), 2.48 – 2.35 (m, 1H), 2.21 – 2.06 (m, 1H) ppm. 

Endo D4: 13C NMR (101 MHz, CDCl3) δ 165.4, 159.6, 146.9, 143.1, 141.4, 137.2, 131.8, 129.0, 128.9, 

128.8, 128.7, 128.2, 128.1, 127.8, 127.6, 127.5, 127.3, 127.1, 123.3, 113.8, 113.7, 79.9, 55.3, 47.3, 46.5, 

40.6, 40.1 ppm. 

Exo D4: 13C NMR (101 MHz, CDCl3) δ 165.4, 159.4, 146.8, 143.1, 141.4, 137.1, 131.8, 129.0, 128.9, 

128.8, 128.7, 128.2, 128.1, 127.8, 127.6, 127.5, 127.3, 127.1, 120.7, 113.8, 113.7, 75.3, 55.3, 48.0, 46.6, 

38.4, 37.0 ppm. 

ESI-HRMS calcd for [C27H25NO3+Na+] = 434.1727, found 434.1728. 

IR ṽ (cm-1) 2920, 2361, 1696, 1512, 1455, 1177, 1111, 1032, 831, 761, 702. 
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D5: (2S,4R)-6-benzyl-4-phenyl-2-(4-(trimethylsilyl)phenyl)-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

D5: 22% yield, endo/exo = 86/14, 87%/19% ee; Colorless liquid, 

[α]26
D = -19.1 (c = 0.22, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 

nm, retention time: t1 = 4.68 min, t2 = 4.97 min, t3 = 5.89 min, t4 

= 10.31 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.51 (d, J = 8.0 Hz, 2H), 

7.47 – 7.41 (m, 2H), 7.35 – 7.28 (m, 4H), 7.27 (d, J = 1.8 Hz, 

1H), 7.25 – 7.19 (m, 3H), 7.18 – 7.10 (m, 2H), 5.16 (d, J = 10.4 

Hz, 1H), 4.84 (d, J = 15.0 Hz, 1H), 4.39 (d, J = 15.0 Hz, 1H), 3.90 (dd, J = 10.8, 6.0 Hz, 1H), 3.65 – 

3.38 (m, 2H), 2.44 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.21 – 2.09 (m, 1H), 0.25 (s, 9H) ppm. 

Endo D5: 13C NMR (101 MHz, CDCl3) δ 166.5, 147.9, 142.4, 141.7, 141.2, 138.3, 134.6, 130.1, 130.1, 

129.9, 129.8, 129.3, 129.2, 128.9, 128.7, 128.6, 128.5, 126.8, 126.6, 124.5, 81.2, 48.4, 47.6, 41.8, 41.1, 

-0.00 ppm. 

Exo D5: 13C NMR (101 MHz, CDCl3) δ 166.5, 147.9, 142.4, 141.7, 141.2, 138.3, 134.6, 130.1, 130.1, 

129.9, 129.8, 129.3, 129.2, 128.9, 128.7, 128.6, 128.5, 126.8, 126.6, 124.5, 76.7, 49.1, 47.7, 39.4, 38.0, 

-0.00 ppm. 

ESI-HRMS calcd for [C29H31NO2Si+Na+] = 476.2106, found 476.2020. 

IR ṽ (cm-1) 2953, 2360, 1693, 1494, 1453, 1244, 1104, 1048, 754, 700. 
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D6: (2S,4R)-6-benzyl-2-(4-(chloromethyl)phenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

D6: 61% yield, endo/exo = 89/11, 97%/33% ee; Colorless 

liquid, [α]25
D = -34.2 (c = 0.53, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 

nm, retention time: t1 = 10.00 min, t2 = 11.75 min, t3 = 15.14 

min, t4 = 16.31 min.  

1H NMR (400 MHz, Chloroform-d) δ 7.43 (m, 2H), 7.37 (d, J 

= 8.2 Hz, 2H), 7.35 – 7.31 (m, 1H), 7.31 – 7.27 (m, 3H), 7.26 (t, 

J = 3.6 Hz, 2H), 7.23 – 7.18 (m, 2H), 7.18 – 7.08 (m, 2H), 5.17 

(d, J = 10.4 Hz, 1H), 4.84 (d, J = 15.0 Hz, 1H), 4.58 (s, 2H), 4.39 (d, J = 15.0 Hz, 1H), 3.91 (dd, J = 

10.8, 6.0 Hz, 1H), 3.67 – 3.39 (m, 2H), 2.43 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.13 (dt, J = 14.0, 11.2 Hz, 

1H) ppm. 

Endo D6: 13C NMR (101 MHz, CDCl3) δ 165.3, 146.7, 141.1, 139.9, 137.5, 137.1, 129.0, 128.7, 128.2, 

128.1, 127.8, 127.6, 127.5, 127.4, 126.7, 126.6, 123.5, 79.7, 47.3, 46.5, 45.9, 40.7, 39.9 ppm. 

Exo D6: 13C NMR (101 MHz, CDCl3) δ 165.3, 146.7, 141.1, 140.0, 137.5, 137.1, 129.0, 128.8, 128.2, 

128.1, 127.8, 127.6, 127.5, 127.4, 126.7, 126.6, 123.5, 75.2, 48.0, 46.6, 45.9, 38.5, 36.9 ppm. 

ESI-HRMS calcd for [C27H24ClNO2+Na+] = 452.1388, found 452.1395. 

IR ṽ (cm-1) 3029, 2360, 1694, 1493, 1453, 1242, 1110, 1048, 828, 746, 701. 

10
.0

72

11
.7

95

15
.1

10

16
.6

35A
U

0.00

0.20

Minutes

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

 

 Retention Time Area % Area Height 

1 10.072 1034776 7.50 64198 

2 11.795 1031362 7.47 51337 

3 15.110 5854753 42.42 230075 

4 16.635 5882202 42.62 175754 

1
0
.0

0
1

1
1
.7

4
9

1
5
.1

3
5

1
6
.3

1
0

A
U

0.00

0.20

0.40

Minutes

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

 

 Retention Time Area % Area Height 

1 10.001 1384618 7.61 84330 

2 11.749 267054 1.47 15589 

3 15.135 197365 1.08 10140 

4 16.310 16353127 89.84 439054 



65 
 

D7: (2S,4R)-6-benzyl-2-(4-fluorophenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

D7: 89% yield, endo/exo = 91/9, 96%/63% ee; Colorless liquid, 

[α]25
D = -35.9 (c = 0.69, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 4.63 min, t2 = 5.63 min, t3 = 6.55 min, t4 = 9.13 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.42 (dd, J = 8.6, 5.4 Hz, 2H), 

7.30 (t, J = 7.0 Hz, 4H), 7.25 (q, J = 5.8, 4.8 Hz, 2H), 7.21 (d, J = 7.6 

Hz, 2H), 7.18 – 7.08 (m, 2H), 7.04 (t, J = 8.8 Hz, 2H), 5.14 (d, J = 

11.2 Hz, 1H), 4.84 (d, J = 15.0 Hz, 1H), 4.39 (d, J = 15.0 Hz, 1H), 3.90 (dd, J = 10.8, 6.0 Hz, 1H), 3.66 

– 3.26 (m, 2H), 2.41 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.13 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo D7: 13C NMR (101 MHz, CDCl3) δ 165.3, 162.6(d, JC-F = 244.0), 146.7, 141.1, 137.1, 135.5, 

135.5, 129.0, 128.9, 128.8, 128.7, 128.3, 128.2, 128.1, 127.8, 127.6, 127.5, 127.4, 123.5, 115.5(d, JC-F 

= 4.0), 115.4(d, JC-F = 17.0), 115.3, 79.5, 47.3, 46.5, 40.8, 39.9 ppm. 

Exo D7: 13C NMR (101 MHz, CDCl3) δ 165.3, 162.6(d, JC-F = 244.0), 146.7, 141.1, 137.1, 135.5, 

135.5, 129.0, 128.9, 128.8, 128.7, 128.3, 128.2, 128.1, 127.8, 127.6, 127.5, 127.4, 123.5, 115.5(d, JC-F 

= 4.0), 115.4(d, JC-F = 17.0), 115.3, 74.9, 48.0, 46.6, 38.6, 37.0 ppm. 

Endo D7: 19F NMR (377 MHz, CDCl3) δ -113.85 ppm. 

Exo D7: 19F NMR (377 MHz, CDCl3) δ -114.16 ppm. 

ESI-HRMS calcd for [C26H22FNO2+Na+] = 422.1527, found 422.1529. 

IR ṽ (cm-1) 3029, 2360, 1693, 1510, 1453, 1390, 1224, 1109, 1048, 733, 699. 
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D8: (2S,4R)-6-benzyl-2-(4-chlorophenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

D8: 81% yield, endo/exo = 91/9, 92%/40% ee; Colorless liquid, 

[α]25
D = -37.1 (c = 1.02, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 6.42 min, t2 = 7.99 min, t3 = 10.56 min, t4 = 

15.26 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.38 (d, J = 8.4 Hz, 2H), 7.34 

– 7.29 (m, 4H), 7.29 – 7.23 (m, 4H), 7.20 (dd, J = 9.4, 2.8 Hz, 2H), 

7.17 – 7.02 (m, 2H), 5.14 (d, J = 10.4 Hz, 1H), 4.83 (d, J = 15.0 Hz, 

1H), 4.39 (d, J = 15.0 Hz, 1H), 3.90 (dd, J = 10.8, 6.0 Hz, 1H), 3.66 – 3.34 (m, 2H), 2.41 (ddd, J = 14.0, 

6.0, 1.6 Hz, 1H), 2.15 – 2.00 (m, 1H) ppm. 

Endo D8: 13C NMR (101 MHz, CDCl3) δ 165.2, 146.6, 141.0, 138.2, 137.1, 133.9, 129.0, 128.8, 128.7, 

128.6, 128.5, 128.2, 128.1, 127.9, 127.8, 127.6, 127.5, 127.4, 123.6, 79.4, 47.3, 46.5, 40.8, 39.9 ppm. 

Exo D8: 13C NMR (101 MHz, CDCl3) δ 165.2, 146.6, 142.8, 138.3, 137.0, 133.8, 129.0, 128.8, 128.7, 

128.6, 128.5, 128.2, 128.1, 127.9, 127.8, 127.6, 127.5, 127.3, 121.1, 75.8, 48.0, 46.6, 38.6, 36.9 ppm. 

ESI-HRMS calcd for [C26H22ClNO2+Na+] = 438.1231, found 438.1238. 

IR ṽ (cm-1) 3029, 2360, 1693, 1492, 1453, 1241, 1108, 1048, 1014, 762, 700. 
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D9: (2S,4R)-6-benzyl-2-(4-bromophenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

D9: 66% yield, endo/exo = 91/9, 97%/57% ee; Colorless liquid, 

[α]25
D = -33.4 (c = 0.90, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 7.76 min, t2 = 9.69 min, t3 = 13.77 min, t4 = 

19.61 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.47 (d, J = 8.4 Hz, 2H), 7.30 

(dd, J = 13.6, 7.6 Hz, 6H), 7.25 (d, J = 8.8 Hz, 2H), 7.20 (d, J = 7.2 

Hz, 2H), 7.12 (d, J = 7.2 Hz, 2H), 5.12 (d, J = 11.2 Hz, 1H), 4.83 (d, 

J = 15.0 Hz, 1H), 4.39 (d, J = 15.0 Hz, 1H), 3.90 (dd, J = 10.6, 6.0 Hz, 1H), 3.68 – 3.32 (m, 2H), 2.52 – 

2.28 (m, 1H), 2.21 – 2.02 (m, 1H) ppm.  

Endo D9: 13C NMR (101 MHz, CDCl3) δ 165.2, 146.6, 140.9, 138.7, 137.1, 131.6, 129.0, 128.7, 128.1, 

127.9, 127.6, 127.5, 127.4, 123.6, 122.1, 79.4, 47.3, 46.5, 40.7, 39.9 ppm. 

Exo D9: 13C NMR (101 MHz, CDCl3) δ 165.2, 146.6, 140.9, 138.8, 137.0, 131.6, 129.0, 128.8, 128.2, 

127.9, 127.6, 127.5, 127.4, 123.6, 121.9, 74.9, 48.0, 46.6, 38.6, 36.9 ppm. 

ESI-HRMS calcd for [C26H22BrNO2+Na+] = 482.0726, found 482.0733. 

IR ṽ (cm-1) 3028, 2360, 1696, 1490, 1454, 1241, 1109, 1072, 1048, 762, 700. 
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D10: (2S,4R)-6-benzyl-2-(4-(methylthio)phenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol 

-7(2H)-one 

D10: 60% yield, endo/exo = 76/24, 92%/36% ee; Colorless liquid, 

[α]26
D = -14.2 (c = 0.45, in CH2Cl2). 

SFC Chiralcel OJ-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 

nm, retention time: t1 = 5.98 min, t2 = 8.72 min, t3 = 10.40 min, t4 

= 13.33 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.39 – 7.33 (m, 2H), 7.32 

(d, J = 2.0 Hz, 1H), 7.31 – 7.29 (m, 2H), 7.29 – 7.27 (m, 2H), 

7.25 – 7.23 (m, 2H), 7.22 (dd, J = 2.8, 1.6 Hz, 2H), 7.20 – 7.18 

(m, 1H), 7.17 – 7.10 (m, 2H), 5.17 – 5.03 (d, J = 10.4 Hz, 1H), 4.83 (dt, J = 8.8, 4.4 Hz, 1H), 4.38 (d, J 

= 15.0 Hz, 1H), 3.89 (dd, J = 10.8, 6.0 Hz, 1H), 3.61 – 3.39 (m, 2H), 2.47 (s, 3H), 2.41 (ddd, J = 14.0, 

6.0, 1.8 Hz, 1H), 2.18 – 2.08 (m, 1H) ppm. 

Endo D10: 13C NMR (101 MHz, CDCl3) δ 165.3, 146.7, 141.2, 138.5, 137.1, 136.5, 129.0, 128.8, 

128.7, 128.2, 128.1, 127.8, 127.7, 127.6, 127.5, 127.4, 127.2, 126.9, 126.7, 126.5, 125.1, 123.4, 79.8, 

47.3, 46.5, 40.7, 39.9, 15.7 ppm. 

Exo D10: 13C NMR (101 MHz, CDCl3) δ 163.3, 146.8, 142.9, 138.3, 137.1, 136.5, 129.0, 128.8, 128.7, 

128.2, 128.0, 127.8, 127.7, 127.6, 127.5, 127.4, 127.2, 126.9, 126.7, 126.5, 121.0, 120.1, 75.2, 48.0, 

46.5, 38.4, 36.9, 14.7 ppm. 

ESI-HRMS calcd for [C27H25NO2S+Na+] = 450.1498, found 450.1505. 

IR ṽ (cm-1) 2919, 2360, 1694, 1493, 1453, 1242, 1091, 1048, 968, 763, 702. 
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D11: (2S,4R)-6-benzyl-4-phenyl-2-(4-(trifluoromethoxy)phenyl)-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

D11: 46% yield, endo/exo = 92/8, 96%/53% ee; Colorless liquid, 

[α]26
D = -18.2 (c = 0.22, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 

nm, retention time: t1 = 3.23 min, t2 = 3.71 min, t3 = 4.48 min, t4 

= 5.94 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.99 (d, J = 8.8 Hz, 1H), 

7.48 (d, J = 8.8 Hz, 2H), 7.36 – 7.28 (m, 5H), 7.21 (dd, J = 7.4, 

2.8 Hz, 4H), 7.17 – 7.09 (m, 2H), 5.18 (d, J = 10.8 Hz, 1H), 4.84 

(d, J = 15.0 Hz, 1H), 4.40 (d, J = 15.0 Hz, 1H), 3.91 (dd, J = 10.8, 6.0 Hz, 1H), 3.68 – 3.37 (m, 2H), 

2.44 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.13 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo D11: 13C NMR (101 MHz, CDCl3) δ 165.3, 149.0, 146.6, 140.9, 138.3, 137.0, 129.8, 129.0, 

128.8, 128.1, 127.8, 127.6, 127.5, 127.4, 122.2(d, JC-F = 290.0), 121.0, 79.3, 47.3, 46.5, 40.8, 39.9 ppm. 

Exo D11: 13C NMR (101 MHz, CDCl3) δ 165.3, 149.0, 146.6, 140.9, 138.3, 137.0, 129.8, 129.0, 128.8, 

128.1, 127.8, 127.6, 127.5, 127.4, 122.2(d, JC-F = 290.0), 121.0, 65.5, 45.3, 44.5, 40.8, 39.9 ppm. 

Endo D11: 19F NMR (377 MHz, CDCl3) δ -57.59 ppm. 

Exo D11: 19F NMR (377 MHz, CDCl3) δ -57.88 ppm. 

ESI-HRMS calcd for [C27H22F3NO2+Na+] = 488.1444, found 488.1451. 

IR ṽ (cm-1) 2923, 2360, 1673, 1509, 1454, 1255, 1218, 1163, 852, 763, 701. 
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D12: 4-((2S,4R)-6-benzyl-7-oxo-4-phenyl-2,3,4,5,6,7-hexahydropyrano[2,3-c]pyrrol-2-yl) 

phenyl acetate 

D12: 99% yield, endo/exo = 87/13, 95%/43% ee; Colorless liquid, 

[α]26
D = -30.6 (c = 0.77, in CH2Cl2). 

SFC Chiralcel OJ-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 

nm, retention time: t1 = 3.41 min, t2 = 4.33 min, t3 = 5.39 min, t4 = 

7.56 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.46 (d, J = 8.4 Hz, 2H), 

7.35 – 7.31 (m, 1H), 7.29 (d, J = 6.0 Hz, 3H), 7.25 (d, J = 4.8 Hz, 

2H), 7.21 (t, J = 6.8 Hz, 2H), 7.13 (d, J = 7.0 Hz, 2H), 7.08 (d, J = 

8.6 Hz, 2H), 5.16 (d, J = 10.8 Hz, 1H), 4.83 (d, J = 15.0 Hz, 1H), 4.39 (d, J = 15.0 Hz, 1H), 3.90 (dd, J 

= 10.8, 6.1 Hz, 1H), 3.67 – 3.25 (m, 2H), 2.43 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.28 (s, 3H), 2.13 (dt, J 

= 14.0, 11.2 Hz, 1H) ppm. 

Endo D12: 13C NMR (101 MHz, CDCl3) δ 169.4, 165.3, 150.5, 146.7, 141.1, 137.2, 137.1, 129.0, 

128.9, 128.8, 128.7, 128.2, 128.1, 127.8, 127.6, 127.5, 127.4, 127.3, 123.5, 121.6, 121.5, 79.6, 47.3, 

46.5, 40.7, 39.9, 21.2 ppm. 

Exo D12: 13C NMR (101 MHz, CDCl3) δ 169.4, 165.3, 150.3, 146.6, 142.9, 137.3, 137.1, 129.0, 128.9, 

128.8, 128.7, 128.2, 128.1, 127.8, 127.6, 127.5, 127.4, 127.3, 123.5, 121.6, 121.5, 75.0, 48.0, 46.6, 38.5, 

36.9, 18.2 ppm. 

ESI-HRMS calcd for [C28H25NO4+Na+] = 462.1676, found 462.1678. 

IR ṽ (cm-1) 2919, 2360, 1759, 1693, 1453, 1194, 1109, 1016, 911, 762, 702. 
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D13: (2S,4R)-6-benzyl-4-phenyl-2-(m-tolyl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

D13: 85% yield, endo/exo = 92/8, 98%/93% ee; Colorless liquid, 

[α]25
D = -38.2 (c = 0.56, in CH2Cl2). 

SFC Chiralcel ID-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 7.77 min, t2 = 8.51 min, t3 = 9.26 min, t4 = 10.74 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.30 (ddt, J = 9.6, 5.4, 2.8 Hz, 

5H), 7.27 – 7.24 (m, 2H), 7.22 (t, J = 6.4 Hz, 4H), 7.17 – 7.05 (m, 

3H), 5.22 – 5.03 (m, 1H), 4.83 (d, J = 15.0 Hz, 1H), 4.40 (d, J = 15.0 

Hz, 1H), 3.90 (dd, J = 10.8, 6.0 Hz, 1H), 3.67 – 3.28 (m, 2H), 2.43 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 

2.35 (s, 3H), 2.15 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo D13: 13C NMR (101 MHz, CDCl3) δ 165.4, 146.8, 141.3, 139.5, 138.1, 137.2, 128.9, 128.7, 

128.7, 128.3, 128.1, 127.6, 127.5, 127.3, 127.0, 123.5, 123.4, 80.2, 47.3, 46.5, 40.8, 40.0, 21.5 ppm. 

Exo D13: 13C NMR (101 MHz, CDCl3) δ 165.4, 146.8, 141.3, 139.5, 138.1, 137.2, 128.9, 128.7, 128.7, 

128.3, 128.1, 127.6, 127.5, 127.3, 127.0, 123.5, 123.4, 75.6, 48.0, 46.6, 38.6, 37.0, 14.2 ppm. 

ESI-HRMS calcd for [C27H25NO2+Na+] = 418.1778, found 418.1777. 

IR ṽ (cm-1) 2918, 2360, 1694, 1492, 1453, 1240, 1110, 1048, 935, 733, 699. 
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D14: (2S,4R)-6-benzyl-2-(3-methoxyphenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

D14: 50% yield, endo/exo = 90/10, 96%/85% ee; Colorless liquid, 

[α]26
D = -33.9 (c = 0.43, in CH2Cl2). 

SFC Chiralcel AD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 

nm, retention time: t1 = 9.73 min, t2 = 10.08 min, t3 = 14.46 min, 

t4 = 18.69 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.36 – 7.27 (m, 4H), 7.26 

(t, J = 3.6 Hz, 2H), 7.21 (qd, J = 6.0, 2.4 Hz, 3H), 7.19 – 7.09 (m, 

2H), 7.01 (d, J = 7.2 Hz, 2H), 6.89 – 6.82 (m, 1H), 5.13 (d, J = 

10.4 Hz, 1H), 4.84 (d, J = 15.0 Hz, 1H), 4.39 (d, J = 15.0 Hz, 1H), 3.90 (dd, J = 10.8, 6.0 Hz, 1H), 3.81 

(s, 3H), 3.67 – 3.36 (m, 2H), 2.43 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.21 – 2.09 (m, 1H) ppm. 

Endo D14:13C NMR (101 MHz, CDCl3) δ 165.3, 159.7, 146.7, 141.2, 141.1, 137.2, 129.5, 129.0, 

128.9, 128.8, 128.7, 128.1, 127.7, 127.6, 127.4, 123.5, 118.7, 113.9, 111.8, 80.1, 55.4, 47.3, 46.5, 40.9, 

40.0 ppm. 

Exo D14: 13C NMR (101 MHz, CDCl3) δ 165.3, 159.7, 146.7, 141.2, 141.1, 137.2, 129.5, 129.0, 128.9, 

128.8, 128.7, 128.1, 127.7, 127.6, 127.4, 123.5, 118.5, 113.6, 111.7, 75.5, 54.3, 48.0, 46.6, 38.5, 36.9 

ppm. 

ESI-HRMS calcd for [C27H25NO3+Na+] = 434.1727, found 434.1735. 

IR ṽ (cm-1) 2918, 2360, 1695, 1540, 1454, 1241, 1110, 1044, 936, 751, 699. 
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D15: (2S,4R)-6-benzyl-2-(3-fluorophenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

D15: 51% yield, endo/exo = 91/9, 98%/86% ee; Colorless liquid, 

[α]25
D = -35.8 (c = 0.40, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 4.56 min, t2 = 5.09 min, t3 = 5.68 min, t4 = 6.84 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.38 – 7.27 (m, 5H), 7.27 – 

7.24 (m, 2H), 7.21 (q, J = 10.0, 8.4 Hz, 4H), 7.16 – 7.05 (m, 2H), 

6.98 (qd, J = 8.8, 2.0 Hz, 1H), 5.16 (d, J = 10.6 Hz, 1H), 4.84 (d, J = 

15.0 Hz, 1H), 4.40 (d, J = 15.0 Hz, 1H), 3.91 (dd, J = 10.8, 6.0 Hz, 1H), 3.67 – 3.26 (m, 2H), 2.44 (ddd, 

J = 14.0, 6.0, 1.8 Hz, 1H), 2.16 – 2.00 (m, 1H) ppm. 

Endo D15: 13C NMR (101 MHz, CDCl3) δ 165.2, 162.9(d, JC-F = 245.0), 146.6, 142.2, 142.1(d, JC-F = 

7.0), 140.9, 137.1, 130.1, 129.9, 129.0(d, JC-F = 3.0), 128.8, 128.7, 128.2, 128.1, 127.8, 127.6, 127.5, 

127.4, 123.6, 121.9, 115.2, 115.0, 113.5, 113.3(d, JC-F = 22.0), 79.4, 47.3, 46.5, 40.8, 39.9 ppm. 

Exo D15: 13C NMR (101 MHz, CDCl3) δ 165.2, 162.9(d, JC-F = 245.0), 146.6, 142.2, 142.1(d, JC-F = 

7.0), 140.9, 137.1, 130.1, 129.9, 129.0(d, JC-F = 3.0), 128.8, 128.7, 128.2, 128.1, 127.8, 127.6, 127.5, 

127.4, 123.6, 121.8, 115.2, 114.8, 113.5, 113.3(d, JC-F = 22.0), 74.8, 48.0, 46.5, 36.9, 34.1 ppm. 

Endo D15: 19F NMR (377 MHz, CDCl3) δ -112.80 ppm. 

Exo D15: 19F NMR (377 MHz, CDCl3) δ -112.80 ppm. 

ESI-HRMS calcd for [C26H22FNO2+Na+] = 422.1527, found 422.1531. 

IR ṽ (cm-1) 2919, 2360, 1694, 1493, 1454, 1240, 1111, 1048, 787, 762, 698. 
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D16: (2S,4R)-6-benzyl-2-(3-chlorophenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

D16: 50% yield, endo/exo = 93/7, 98%/87% ee; Colorless liquid, 

[α]25
D = -41.8 (c = 0.61, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 6.10 min, t2 = 7.22 min, t3 = 8.71 min, t4 = 9.34 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.47 (m, 1H), 7.34 – 7.31 (m, 

1H), 7.31 – 7.29 (m, 2H), 7.28 (dd, J = 4.0, 1.6 Hz, 4H), 7.26 – 7.23 

(m, 2H), 7.23 – 7.18 (m, 2H), 7.18 – 7.08 (m, 2H), 5.21 – 5.01 (m, 

1H), 4.83 (d, J = 15.0 Hz, 1H), 4.40 (d, J = 15.0 Hz, 1H), 3.90 (dd, J = 10.8, 6.0 Hz, 1H), 3.68 – 3.36 

(m, 2H), 2.43 (ddd, J = 14.0, 6.0, 1.8 Hz, 1H), 2.11 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo D16: 13C NMR (101 MHz, CDCl3) δ 165.2, 146.6, 141.6, 140.9, 137.1, 134.4, 129.8, 129.0, 

128.7, 128.4, 128.1, 127.6, 127.5, 127.4, 126.5, 124.5, 123.6, 79.4, 47.3, 46.5, 40.8, 39.9 ppm. 

Exo D16: 13C NMR (101 MHz, CDCl3) δ 165.2, 146.6, 141.7, 140.9, 137.1, 134.4, 129.8, 129.0, 128.8, 

128.4, 128.2, 127.6, 127.5, 127.4, 126.4, 124.5, 123.6, 74.8, 48.0, 46.5, 38.6, 36.9 ppm. 

ESI-HRMS calcd for [C26H22ClNO2+Na+] = 438.1231, found 438.1238. 

IR ṽ (cm-1) 2919, 2360, 1694, 1493, 1454, 1240, 1111, 1048, 787, 762, 698. 
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D17: (2S,4R)-6-benzyl-2-(3-bromophenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

D17: 53% yield, endo/exo = 93/7, 98%/87% ee; Colorless liquid, 

[α]25
D = -36.4 (c = 0.42, in CH2Cl2). 

SFC Chiralcel OJ-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 3.79 min, t2 = 4.10 min, t3 = 4.94 min, t4 = 6.76 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.62 (m, 1H), 7.49 – 7.41 (m, 

1H), 7.37 (d, J = 7.8 Hz, 1H), 7.30 (ddd, J = 10.0, 6.0, 2.4 Hz, 4H), 

7.25 (dd, J = 7.2, 2.4 Hz, 2H), 7.21 (d, J = 8.0 Hz, 3H), 7.17 – 7.07 

(m, 2H), 5.13 (d, J = 10.6 Hz, 1H), 4.83 (d, J = 15.0 Hz, 1H), 4.40 (d, J = 15.0 Hz, 1H), 3.90 (dd, J = 

10.8, 6.0 Hz, 1H), 3.68 – 3.34 (m, 2H), 2.43 (ddd, J = 14.2, 6.0, 1.6 Hz, 1H), 2.11 (dt, J = 14.2, 11.2 Hz, 

1H). 

Endo D17: 13C NMR (101 MHz, Chloroform-d) δ 165.2, 146.6, 137.1, 131.3, 130.1, 129.4, 129.0, 

128.7, 128.1, 127.6, 127.5, 127.4, 124.9, 123.6, 122.6, 79.3, 47.3, 46.5, 40.8, 39.9 ppm. 

Exo D17: 13C NMR (101 MHz, Chloroform-d) δ 165.2, 146.6, 137.1, 130.7, 130.1, 129.4, 129.0, 128.7, 

128.1, 127.6, 127.5, 127.4, 124.9, 123.6, 122.6, 74.7, 47.3, 46.5, 42.2, 36.9 ppm. 

ESI-HRMS calcd for [C26H22BrNO2+Na+] = 482.0726, found 482.0738. 

IR ṽ (cm-1) 2919, 2360, 1693, 1493, 1454, 1241, 1110, 1074, 762, 700. 
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D18: (2S,4R)-6-benzyl-2-(3,4-dimethylphenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

D18: 84% yield, endo/exo = 85/15, 93%/80% ee; Colorless liquid, 

[α]26
D = -26.9 (c = 0.62, in CH2Cl2). 

SFC Chiralcel OJ-3, CO2/MeOH = 90/10. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 6.83 min, t2 = 7.51 min, t3 = 8.14 min, t4 = 11.25 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.35 – 7.27 (m, 4H), 7.22 (dq, 

J = 10.4, 5.8, 3.6 Hz, 4H), 7.13 (dq, J = 14.4, 7.4 Hz, 4H), 7.04 (dd, J 

= 12.0, 6.4 Hz, 1H), 5.10 (d, J = 10.6 Hz, 1H), 4.83 (d, J = 15.0 Hz, 

1H), 4.39 (d, J = 15.0 Hz, 1H), 3.89 (dd, J = 10.8, 6.0 Hz, 1H), 3.61 – 3.32 (m, 2H), 2.41 (ddd, J = 14.0, 

6.0, 1.6 Hz, 1H), 2.26 – 2.22 (m, 6H), 2.18 – 2.11 (m, 1H). 

Endo D18: 13C NMR (101 MHz, CDCl3) δ 165.5, 146.9, 141.4, 137.2, 137.1, 136.7, 136.6, 129.6, 

129.0, 128.9, 128.8, 128.7, 128.2, 128.1, 127.9, 127.7, 127.6, 127.3, 123.8, 123.3, 80.1, 47.3, 46.5, 40.7, 

40.1, 19.8, 19.6 ppm. 

Exo D18: 13C NMR (101 MHz, CDCl3) δ 165.5, 146.9, 141.1, 137.2, 137.1, 136.7, 136.4, 129.6, 129.0, 

128.9, 128.8, 128.7, 128.2, 128.1, 127.9, 127.6, 127.5, 127.1, 123.6, 120.8, 75.5, 48.0, 46.6, 38.5, 37.0, 

19.8, 19.6 ppm. 

ESI-HRMS calcd for [C28H27NO2+Na+] = 432.1934, found 432.1938. 

IR ṽ (cm-1) 3027, 2360, 1695, 1494, 1453, 1241, 1109, 1050, 821, 762, 701. 
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D19: (2S,4R)-6-benzyl-2-(4-fluoro-3-methylphenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

D19: 99% yield, endo/exo = 89/11, 96%/70% ee; Colorless liquid, 

[α]25
D = -31.8 (c = 0.76, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 4.37 min, t2 = 5.40 min, t3 = 5.83 min, t4 = 7.83 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.33 (d, J = 12.0 Hz, 1H), 7.31 

– 7.27 (m, 4H), 7.27 – 7.23 (m, 2H), 7.23 – 7.16 (m, 3H), 7.16 – 7.05 

(m, 2H), 7.00 – 6.90 (m, 1H), 5.10 (d, J = 10.4 Hz, 1H), 4.84 (dd, J = 

14.8, 3.6 Hz, 1H), 4.39 (d, J = 15.0 Hz, 1H), 3.89 (dd, J = 10.8, 6.0 Hz, 1H), 3.69 – 3.15 (m, 2H), 2.40 

(ddd, J = 14.0, 6.0, 1.8 Hz, 1H), 2.25 (dd, J = 10.4, 1.6 Hz, 3H), 2.12 (dt, J = 14.0, 11.2 Hz, 1H). 

Endo D19: 13C NMR (101 MHz, CDCl3) δ 165.3, 161.1(d, JC-F = 244.0), 146.7, 143.0, 141.2, 137.1, 

137.1, 135.1, 135.0, 129.6(d, JC-F = 6.0), 129.0, 128.9, 128.8, 128.7, 128.6, 128.2, 128.1 127.8, 127.7, 

127.6, 127.5, 127.4, 127.2, 125.4, 125.4, 125.0(d, JC-F = 17.0), 124.8, 123.4, 114.9(d, JC-F = 23.0), 79.6, 

47.3, 46.5, 40.9, 39.9, 14.6 ppm. 

Exo D19: 13C NMR (101 MHz, CDCl3) δ 165.3, 161.1(d, JC-F = 244.0), 146.9, 143.0, 141.2, 137.1, 

137.1, 135.1, 135.0, 129.5(d, JC-F = 6.0), 129.0, 128.9, 128.8, 128.7, 128.6, 128.2, 128.1 127.8, 127.7, 

127.6, 127.5, 127.4, 127.2, 125.4, 125.4, 125.0(d, JC-F = 17.0), 124.8, 120.8, 114.9(d, JC-F = 23.0), 75.0, 

48.0, 46.6, 38.7, 37.0, 14.2 ppm. 

Endo D19: 19F NMR (377 MHz, CDCl3) δ -118.27 ppm. 

Exo D19: 19F NMR (377 MHz, CDCl3) δ -118.56 ppm. 

ESI-HRMS calcd for [C27H24FNO2+Na+] = 436.1683, found 436.1689. 

IR ṽ (cm-1) 2918, 2360, 1697, 1503, 1454, 1243, 1118, 1049, 822, 750, 701. 
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4 7.833 9035783 87.17 513951 

D20: (2S,4R)-6-benzyl-2-(4-chloro-3-methylphenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

D20: 70% yield, endo/exo = 92/8, 98%/77% ee; Colorless liquid, 

[α]25
D = -34.7 (c = 0.58, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 6.06 min, t2 = 7.77 min, t3 = 9.17 min, t4 = 13.02 

min.  

1H NMR (400 MHz, Chloroform-d) δ 7.37 – 7.33 (m, 1H), 7.32 (d, 

J = 2.8 Hz, 1H), 7.30 (d, J = 2.0 Hz, 2H), 7.27 (dd, J = 4.4, 2.0 Hz, 

2H), 7.26 – 7.23 (m, 2H), 7.22 (d, J = 1.4 Hz, 1H), 7.21 – 7.16 (m, 

2H), 7.16 – 7.04 (m, 2H), 5.11 (d, J = 10.4 Hz, 1H), 4.83 (d, J = 15.0 Hz, 1H), 4.39 (d, J = 15.0 Hz, 

1H), 3.89 (dd, J = 10.8, 6.0 Hz, 1H), 3.68 – 3.34 (m, 2H), 2.49 – 2.30 (m, 4H), 2.10 (dt, J = 14.0, 11.2 

Hz, 1H) ppm. 

Endo D20: 13C NMR (101 MHz, CDCl3) δ 165.3, 146.7, 141.1, 138.2, 137.1, 136.2, 134.2, 129.0, 

128.9, 128.8, 128.7, 128.1, 127.6, 127.5, 127.4, 125.1, 123.5, 79.5, 47.3, 46.5, 40.8, 39.9, 20.1 ppm. 

Exo D20: 13C NMR (101 MHz, CDCl3) δ 165.3, 146.7, 141.6, 138.2, 137.0, 136.2, 134.2, 129.0, 128.9, 

128.8, 128.7, 128.1, 127.6, 127.5, 127.4, 124.9, 123.1, 74.9, 48.0, 46.5, 38.7, 36.9, 14.2 ppm. 

ESI-HRMS calcd for [C27H24ClNO2+Na+] = 452.1388, found 452.1394. 

IR ṽ (cm-1) 2918, 2360, 1696, 1454, 1242, 1110, 1047, 821, 751, 701. 
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D21: (2S,4R)-6-benzyl-2-(4-bromo-3-methylphenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

D21: 80% yield, endo/exo = 92/8, 98%/82% ee; Colorless liquid, 

[α]25
D = -29.6 (c = 0.72, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 7.27 min, t2 = 9.37 min, t3 = 11.57 min, t4 = 

16.66 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.49 (d, J = 8.2 Hz, 1H), 7.34 

(m, 1H), 7.32 – 7.29 (m, 2H), 7.29 – 7.25 (m, 3H), 7.25 – 7.17 (m, 

3H), 7.17 – 6.95 (m, 3H), 5.09 (d, J = 11.2 Hz, 1H), 4.83 (d, J = 

15.0 Hz, 1H), 4.39 (d, J = 15.0 Hz, 1H), 3.89 (dd, J = 10.8, 6.0 Hz, 1H), 3.68 – 3.38 (m, 2H), 2.46 – 

2.33 (m, 4H), 2.10 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo D21: 13C NMR (101 MHz, CDCl3) δ 165.3, 146.6, 141.1, 138.9, 138.1, 137.1, 132.3, 129.0, 

128.7, 128.1, 127.6, 127.5, 127.4, 125.3, 124.5, 123.5, 79.5, 47.3, 46.5, 40.8, 39.9, 22.9 ppm. 

Exo D21: 13C NMR (101 MHz, CDCl3) δ 165.3, 146.6, 141.1, 138.8, 138.0, 137.0, 132.3, 129.0, 128.6, 

128.2, 127.6, 127.5, 127.2, 125.1, 124.5, 123.5, 74.8, 48.0, 46.6, 38.7, 36.9, 23.7 ppm. 

ESI-HRMS calcd for [C27H24BrNO2+Na+] = 496.0883, found 496.0893. 

IR ṽ (cm-1) 2918, 2360, 1694, 1453, 1240, 1198, 1026, 819, 734, 700. 
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D22: (2S,4R)-6-benzyl-2-(4-fluoro-3-methoxyphenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

D22: 92% yield, endo/exo = 90/10, 99%/93% ee; Colorless liquid, 

[α]26
D = -25.5 (c = 0.74, in CH2Cl2). 

SFC Chiralcel OJ-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 

nm, retention time: t1 = 3.27 min, t2 = 3.80 min, t3 = 4.05 min, t4 

= 5.94 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.43 (tt, J = 11.6, 5.4 Hz, 

1H), 7.38 – 7.33 (m, 1H), 7.33 – 7.27 (m, 4H), 7.24 – 7.19 (m, 

2H), 7.14 (d, J = 7.0 Hz, 2H), 7.11 – 7.05 (m, 1H), 7.05 – 6.96 (m, 

1H), 6.92 (ddd, J = 8.2, 4.o, 1.6 Hz, 1H), 5.12 (d, J = 11.0 Hz, 1H), 4.83 (d, J = 15.2 Hz, 1H), 4.40 (d, J 

= 15.2 Hz, 1H), 3.88 (d, J = 15.2 Hz, 4H), 3.71 – 3.35 (m, 2H), 2.65 – 2.32 (m, 1H), 2.12 (dt, J = 14.0, 

11.2 Hz, 1H) ppm. 

Endo D22: 13C NMR (101 MHz, CDCl3) δ 165.3, 152.2(d, JC-F = 244.0), 151.0, 147.7, 147.6(d, JC-F = 

11.0), 146.7, 141.1, 138.3, 137.1, 136.1, 131.3, 129.4, 129.2, 129.0, 128.8, 128.5, 128.4, 128.0, 127.7, 

127.6, 127.5, 123.6, 118.8, 115.9, 115.7(d, JC-F = 18.0), 111.6(d, JC-F = 2.0), 79.8, 56.3, 47.3, 46.5, 40.9, 

39.9 ppm. 

Exo D22: 13C NMR (101 MHz, CDCl3) δ 160.6, 152.2(d, JC-F = 244.0), 150.8, 147.7, 147.6(d, JC-F = 

11.0), 146.8, 142.9, 138.3, 137.1, 136.1, 131.6, 129.4, 129.2, 129.0, 128.7, 128.5, 128.4, 128.1, 127.8, 

127.6, 127.4, 123.6, 118.8, 115.9, 115.7(d, JC-F = 18.0), 111.6(d, JC-F = 2.0), 75.1, 54.8, 48.1, 46.4, 38.7, 

37.0 ppm. 

Endo D22: 19F NMR (377 MHz, CDCl3) δ -135.82 ppm. 

Exo D22: 19F NMR (377 MHz, CDCl3) δ -136.08 ppm. 

ESI-HRMS calcd for [C27H24FNO3+Na+] = 452.1632, found 452.1636. 

IR ṽ (cm-1) 2920, 2360, 1698, 1540, 1455, 1276, 1155, 1117, 1029, 750, 701. 
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3 4.049 6296922 89.32 851689 

4 5.938 37346 0.53 6247 

D23: (2S,4R)-6-benzyl-2-(4-chloro-3-methoxyphenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

D23: 72% yield, endo/exo = 91/9, 97%/88% ee; Colorless liquid, 

[α]26
D = -26.4 (c = 0.67, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 

nm, retention time: t1 = 6.73 min, t2 = 8.93 min, t3 = 10.47 min, t4 

= 16.54 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.46 – 7.36 (m, 1H), 7.33 

– 7.28 (m, 4H), 7.27 (d, J = 3.6 Hz, 2H), 7.23 – 7.19 (m, 2H), 

7.19 – 7.11 (m, 2H), 7.05 (d, J = 1.6 Hz, 1H), 6.93 (dd, J = 8.0, 

1.6 Hz, 1H), 5.13 (d, J = 10.4 Hz, 1H), 4.83 (d, J = 15.0 Hz, 1H), 4.40 (d, J = 15.0 Hz, 1H), 3.90 (d, J = 

16.0 Hz, 4H), 3.69 – 3.40 (m, 2H), 2.43 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.11 (dt, J = 14.0, 11.2 Hz, 1H) 

ppm. 

Endo D23: 13C NMR (101 MHz, CDCl3) δ 165.2, 155.1, 146.6, 140.9, 139.8, 137.1, 130.1, 129.2, 

128.8, 128.0, 127.6, 127.5, 123.7, 122.1, 119.1, 110.0, 79.6, 56.3, 47.3, 46.5, 40.9, 39.9 ppm. 

Exo D23: 13C NMR (101 MHz, CDCl3) δ 165.2, 155.1, 146.6, 140.9, 139.8, 138.3, 129.4, 129.0, 128.8, 

128.1, 127.8, 127.5, 124.7, 121.1, 118.9, 110.0, 75.3, 56.3, 48.1, 46.5, 38.7, 36.9 ppm. 

ESI-HRMS calcd for [C27H24ClNO3+Na+] = 468.1337, found 468.1345. 

IR ṽ (cm-1) 2920, 2360, 1695, 1540, 1454, 1240, 1200, 1060, 1028, 846, 749, 699. 
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D24: (2S,4R)-6-benzyl-2-(3,4-dichlorophenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

D24: 22% yield, endo/exo = 97/3, 97%/94% ee; Colorless liquid, 

[α]25
D = -31.9 (c = 0.46, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 7.83 min, t2 = 10.37 min, t3 = 12.40 min, t4 = 

16.50 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.57 (d, J = 2.0 Hz, 1H), 7.43 

(d, J = 8.4 Hz, 1H), 7.31 (dd, J = 10.4, 3.6 Hz, 4H), 7.28 – 7.23 (m, 

3H), 7.23 – 7.18 (m, 2H), 7.17 – 7.07 (m, 2H), 5.12 (d, J = 10.4 Hz, 

1H), 4.84 (d, J = 15.0 Hz, 1H), 4.40 (d, J = 15.0 Hz, 1H), 3.90 (dd, J = 10.8, 6.0 Hz, 1H), 3.65 – 3.32 

(m, 2H), 2.42 (ddd, J = 14.0, 6.0, 1.8 Hz, 1H), 2.11 – 2.03 (m, 1H) ppm. 

13C NMR (101 MHz, CDCl3) δ 165.1, 146.4, 140.7, 139.8, 137.0, 132.7, 132.2, 130.5, 129.1, 128.8, 

128.4, 128.1, 127.7, 127.5, 127.5, 125.6, 123.7, 78.7, 47.3, 46.5, 40.7, 39.8 ppm. 

HRMS (ESI) Calculated for C26H21
35Cl35ClNO2 ([M]+Na+) = 472.0842, Found 472.0847. 

HRMS (ESI) Calculated for C26H21
35Cl37ClNO2 ([M]+Na+) = 473.0875, Found 473.0878. 

HRMS (ESI) Calculated for C26H21
37Cl37ClNO2 ([M]+Na+) = 474.0812, Found 474.0818. 

IR ṽ (cm-1) 2920, 2360, 1692, 1493, 1454, 1241, 1110, 1049, 1029, 762, 701. 
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D25: C(2S,4R)-6-benzyl-2-(2-fluorophenyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

D25: 20% yield, endo/exo = 89/11, 94%/71% ee; Colorless liquid, [α]22
D 

= -66.3 (c = 0.08, in CH2Cl2). 

SFC Chiralcel OJ-3, CO2/MeOH = 90/10. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 4.59 min, t2 = 5.08 min, t3 = 5.61 min, t4 = 6.33 min. 

1H NMR (600 MHz, Chloroform-d) δ 7.71 – 7.49 (m, 1H), 7.35 – 7.31 

(m, 1H), 7.31 – 7.27 (m, 4H), 7.27 – 7.24 (m, 2H), 7.22 (t, J = 7.2 Hz, 

2H), 7.18 (d, J = 7.7 Hz, 1H), 7.15 (t, J = 7.4 Hz, 2H), 7.06 – 6.94 (m, 

1H), 5.49 (d, J = 11.0 Hz, 1H), 4.84 (dd, J = 15.0, 5.5 Hz, 1H), 4.41 (d, J 

= 15.0 Hz, 1H), 3.93 (dd, J = 10.8, 6.1 Hz, 1H), 3.69 – 3.29 (m, 2H), 2.62 – 2.40 (m, 1H), 2.10 (dt, J = 

14.0, 11.3 Hz, 1H) ppm. 

Endo D25: 13C NMR (151 MHz, CDCl3) δ 165.3, 160.2, 158.9(d, JC-F = 244.0), 146.6, 141.1(d, JC-F = 

11.0), 137.1, 129.6, 128.9, 128.8, 128.2, 128.1, 127.9, 127.7, 127.6, 127.4, 127.1, 126.9, 124.4, 123.6, 

115.2(d, JC-F = 18.0), 115.1(d, JC-F = 2.0), 74.1, 47.3, 46.5, 39.9. 39.7 ppm. 

Exo D25: 13C NMR (151 MHz, CDCl3) δ 165.3, 160.2, 158.9(d, JC-F = 244.0), 146.6, 141.1, 137.1, 

129.6, 128.9, 128.8, 128.2, 128.1, 127.9, 127.7, 127.6, 127.4, 127.1, 126.9, 124.4, 123.6, 115.2(d, JC-F 

= 18.0), 115.1(d, JC-F = 2.0), 70.2, 48.1, 46.6, 37.2. 36.9 ppm. 

Endo D25: 19F NMR (565 MHz, CDCl3) δ -119.80 ppm. 

Exo D25: 19F NMR (565 MHz, CDCl3) δ -118.96 ppm. 

ESI-HRMS calcd for [C26H22FNO2+Na+] = 422.1527, found 422.1532. 

IR ṽ (cm-1) 3031, 2360, 1695, 1490, 1453, 1242, 1113, 1049, 756, 699 
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D26: (2S,4R)-2-(benzofuran-5-yl)-6-benzyl-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

D26: 30% yield, endo/exo = 92/8, 98%/80% ee; Colorless liquid, 

[α]26
D = -18.4 (c = 0.49, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 

nm, retention time: t1 = 8.40 min, t2 = 9.78 min, t3 = 12.29 min, t4 = 

20.42 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.81 – 7.65 (m, 1H), 7.62 

(dd, J = 4.6, 2.2 Hz, 1H), 7.48 (d, J = 8.4 Hz, 1H), 7.37 – 7.34 (m, 

1H), 7.34 – 7.26 (m, 5H), 7.25 – 7.20 (m, 3H), 7.20 – 7.10 (m, 2H), 

6.75 (d, J = 1.6 Hz, 1H), 5.26 (d, J = 10.4 Hz, 1H), 4.85 (d, J = 15.0 Hz, 1H), 4.40 (d, J = 15.0 Hz, 1H), 

3.93 (dd, J = 10.8, 6.0 Hz, 1H), 3.70 – 3.35 (m, 2H), 2.47 (ddd, J = 14.0, 6.0, 1.6 Hz, 1H), 2.22 (dt, J = 

14.0, 11.2 Hz, 1H) ppm. 

Endo D26: 13C NMR (101 MHz, CDCl3) δ 165.4, 154.8, 146.9, 145.6, 141.3, 137.2, 134.4, 129.0, 

128.9, 128.8, 128.7, 128.2, 128.1, 127.7, 127.6, 127.5, 127.3, 123.4, 122.9, 119.3, 111.3, 106.7, 80.4, 

47.3, 46.5, 41.2, 40.1 ppm. 

Exo D26: 13C NMR (101 MHz, CDCl3) δ 165.4, 154.8, 147.0, 145.6, 141.3, 137.1, 134.7, 129.0, 128.9, 

128.8, 128.7, 128.2, 128.1, 127.7, 127.6, 127.5, 127.3, 123.1, 122.6, 119.2, 111.3, 106.7, 75.3, 48.1, 

46.6, 39.1, 37.1 ppm. 

ESI-HRMS calcd for [C28H23NO3+Na+] = 444.1570, found 444.1575. 

IR ṽ (cm-1) 2920, 2360, 1693, 1493, 1453, 1242, 1110, 1049, 816, 760, 701. 
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D27: (2S,4R)-2-(benzo[b]thiophen-5-yl)-6-benzyl-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 

D27: 25% yield, endo/exo = 92/8, 98%/80% ee; Colorless liquid, 

[α]25
D = -32.7 (c = 0.22, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 

nm, retention time: t1 = 14.05 min, t2 = 16.15 min, t3 = 26.56 min, 

t4 = 37.09 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.95 (m, 1H), 7.84 (dd, J = 

11.2, 7.2 Hz, 1H), 7.45 (d, J = 5.4 Hz, 1H), 7.43 – 7.38 (m, 1H), 

7.36 – 7.26 (m, 6H), 7.22 (d, J = 8.0 Hz, 3H), 7.19 – 7.07 (m, 2H), 

5.30 (d, J = 10.8 Hz, 1H), 4.85 (d, J = 15.0 Hz, 1H), 4.41 (d, J = 15.0 Hz, 1H), 3.94 (dd, J = 10.8, 6.0 

Hz, 1H), 3.69 – 3.36 (m, 2H), 2.62 – 2.42 (m, 1H), 2.22 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo D27: 13C NMR (101 MHz, CDCl3) δ 165.4, 146.8, 141.2, 139.7, 139.5, 137.2, 135.9, 129.0, 

128.7, 128.1, 127.6, 127.5, 127.4, 127.0, 123.9, 123.5, 122.7, 122.5, 121.5, 80.3, 47.3, 46.5, 41.1, 40.1 

ppm. 

Exo D27: 13C NMR (101 MHz, CDCl3) δ 165.4, 146.8, 141.2, 139.7, 139.5, 137.2, 135.9, 129.0, 128.7, 

128.1, 127.6, 127.5, 127.4, 127.0, 123.9, 123.5, 122.7, 122.5, 121.5, 75.6, 48.0, 46.7, 39.2, 39.0 ppm. 

ESI-HRMS calcd for [C28H23NO2S+Na+] = 460.1342, found 460.1351. 

IR ṽ (cm-1) 2920, 2360, 1694, 1540, 1454, 1241, 1108, 1046, 815, 754, 700. 
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D28: (2S,4R)-6-benzyl-2-(naphthalen-2-yl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

D28: 75% yield, endo/exo = 90/10, 91%/51% ee; Colorless liquid, 

[α]26
D = -36.7 (c = 0.63, in CH2Cl2). 

SFC Chiralcel IB-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 9.69 min, t2 = 10.23 min, t3 = 15.83 min, t4 = 

18.56 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.95 (s, 1H), 7.82 (dq, J = 

10.4, 5.8, 5.0 Hz, 3H), 7.58 – 7.49 (m, 1H), 7.49 – 7.43 (m, 2H), 

7.42 – 7.32 (m, 1H), 7.32 – 7.19 (m, 8H), 7.16 (t, J = 10.4 Hz, 2H), 

5.32 (d, J = 11.0 Hz, 1H), 4.85 (d, J = 15.0 Hz, 1H), 4.41 (d, J = 15.0 Hz, 1H), 3.94 (dd, J = 10.8, 6.0 

Hz, 1H), 3.69 – 3.40 (m, 2H), 2.60 – 2.42 (m, 1H), 2.22 (dt, J = 14.0, 11.2 Hz, 1H) ppm. 

Endo D28: 13C NMR (101 MHz, CDCl3) δ 165.4, 146.8, 141.2, 137.2, 137.1, 133.2, 129.0, 128.9, 

128.8, 128.3, 128.2, 128.1, 128.1, 127.8, 127.7, 127.6, 127.5, 127.4, 126.2, 126.1, 125.4, 124.2, 123.6, 

80.2, 47.3, 46.5, 40.9, 40.1 ppm. 

Exo D28: 13C NMR (101 MHz, CDCl3) δ 164.3, 146.9, 141.2, 137.2, 137.1, 133.0, 129.0, 128.8, 128.7, 

128.3, 128.2, 128.1, 128.1, 127.8, 127.7, 127.6, 127.5, 127.2, 126.2, 126.1, 125.1, 124.2, 121.0, 75.6, 

48.0, 46.6, 38.7, 37.0 ppm. 

ESI-HRMS calcd for [C30H25NO2+Na+] = 454.1778, found 454.1781. 

IR ṽ (cm-1) 3057, 2360, 1694, 1493, 1453, 1240, 1197, 1107, 1048, 749, 700. 
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D29: (2S,4R)-6-benzyl-2-methyl-2,4-diphenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

D29: 56% yield, endo/exo = 52/48, 40%/74% ee; Colorless liquid, [α]22
D 

= -0.71 (c = 0.42, in CH2Cl2). 

SFC Chiralcel OD-3, CO2/MeOH = 90/10. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 7.79 min, t2 = 10.38 min, t3 = 12.47 min, t4 = 13.34 

min. 

1H NMR (400 MHz, Chloroform-d) δ 7.50 (d, J = 7.5 Hz, 1H), 7.45 – 

7.37 (m, 2H), 7.37 – 7.31 (m, 2H), 7.30 (m, 3H), 7.21 (m, 4H), 7.17 – 

7.13 (m, 1H), 7.06 (q, J = 6.6, 5.6 Hz, 2H), 4.75 (m, 1H), 4.54 – 4.43 (m, 1H), 3.61 – 3.44 (m, 1H), 

3.37 – 3.21 (m, 1H), 2.93 – 2.66 (m, 1H), 2.36 (dd, J = 14.0, 6.0 Hz, 1H), 2.18 – 2.04 (m, 1H), 1.69 (s, 

3H) ppm. 

Endo D29: 13C NMR (101 MHz, CDCl3) δ 165.8, 145.0, 144.0, 141.1, 137.2, 128.9, 128.8, 128.7, 

128.5, 128.2, 128.1, 127.9, 127.8, 127.7, 127.5, 127.2, 127.1, 127.0, 126.2, 124.7, 123.6, 82.2, 47.5, 

46.6, 44.4, 37.3, 31.5 ppm. 

Exo D29: 13C NMR (101 MHz, CDCl3) δ 165.7, 145.0, 144.0, 141.0, 137.1, 128.9, 128.8, 128.7, 128.5, 

128.2, 128.1, 127.9, 127.8, 127.6, 127.5, 127.2, 127.1, 127.0, 126.2, 124.5, 121.1, 81.11, 47.3, 46.5, 

42.6, 37.3, 24.6 ppm. 

HRMS (ESI) Calculated for C27H25NO2 ([M]+Na+) = 418.1778, Found 418.1776. 

IR ṽ (cm-1) 2929, 2360, 1693, 1494, 1448, 1383, 1244, 1116, 1029, 737, 700. 
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 D30: (2S,3S,4R)-6-benzyl-3-methyl-2,4-diphenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

D30: 76% yield, endo/exo = 91/9, 99%/96% ee; Colorless liquid, [α]20
D 

= -40.0 (c = 0.48, in CH2Cl2). 

SFC Chiralcel AS-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 6.14 min, t2 = 7.12 min, t3 = 8.81 min, t4 = 11.11 min. 

1H NMR (600 MHz, Chloroform-d) δ 7.39 (d, J = 7.2 Hz, 2H), 7.35 (t, J 

= 7.2 Hz, 2H), 7.31 (dt, J = 16.6, 7.2 Hz, 5H), 7.26 – 7.23 (m, 2H), 7.19 

(d, J = 7.4 Hz, 2H), 7.14 (d, J = 7.4 Hz, 2H), 4.83 (d, J = 15.0 Hz, 1H), 

4.73 (d, J = 10.2 Hz, 1H), 4.36 (d, J = 15.2 Hz, 1H), 3.49 (d, J = 18.4 Hz, 

1H), 3.44 – 3.24 (m, 2H), 2.19 (ddt, J = 13.2, 10.0, 6.6 Hz, 1H), 0.62 (d, J = 6.6 Hz, 3H) ppm. 

13C NMR (151 MHz, CDCl3) δ 165.4, 146.5, 140.6, 138.4, 137.2, 128.9, 128.7, 128.6, 128.4, 128.4, 

128.0, 127.9, 127.6, 127.4, 123.7, 86.2, 47.4, 47.3, 46.5, 41.8, 15.2 ppm. 

ESI-HRMS calcd for [C27H25NO2+Na+] = 418.1778, found 418.1782. 

IR ṽ (cm-1) 3029, 2360, 1694, 1494, 1454, 1241, 1116, 1078, 917, 751, 700, 522. 
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D31: (2S,3R,4R)-6-benzyl-3-methyl-2,4-diphenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H) 

-one 

D31: 68% yield, endo/exo = 70/30, 99%/87% ee; Colorless liquid, [α]20
D 

= -16.5 (c = 0.17, in CH2Cl2). 

SFC Chiralcel AS-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 6.11 min, t2 = 6.88 min, t3 = 8.82 min, t4 = 10.91 min. 

1H NMR (600 MHz, Chloroform-d) δ 7.47 (d, J = 7.6 Hz, 2H), 7.36 (t, J 

= 7.6 Hz, 2H), 7.34 – 7.27 (m, 6H), 7.27 (m, 1H), 7.25 (d, J = 2.4 Hz, 

2H), 7.10 (d, J = 7.6 Hz, 2H), 5.37 (s, 1H), 4.89 (d, J = 15.0 Hz, 1H), 

4.45 (d, J = 15.0 Hz, 1H), 4.30 (d, J = 5.8 Hz, 1H), 3.78 (d, J = 18.0 Hz, 

1H), 3.60 – 3.52 (m, 1H), 2.46 – 2.29 (m, 1H), 0.53 (d, J = 7.6 Hz, 3H) ppm. 

Endo D31: 13C NMR (151 MHz, CDCl3) δ 165.2, 146.8, 139.0, 138.8, 137.2, 129.1, 128.5, 128.3, 

128.2, 128.1, 127.6, 127.4, 127.2, 125.8, 122.4, 83.4, 47.5, 46.6, 45.3, 39.3, 7.4 ppm. 

Exo D31: 13C NMR (151 MHz, CDCl3) δ 163.3, 147.2, 139.0, 138.8, 137.2, 128.8, 128.5, 128.3, 128.2, 

128.1, 127.7, 127.4, 127.1, 126.0, 122.4, 81.2, 57.5, 46.6, 45.3, 39.0, 7.4 ppm. 

ESI-HRMS calcd for [C27H25NO2+Na+] = 418.1778, found 418.1783. 

IR ṽ (cm-1) 2924, 2360, 1698, 1540, 1455, 1257, 749, 700. 
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D32: (4R)-6-benzyl-2-ethyl-2-methyl-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

D32: 34% yield, endo/exo = 70/30, 91%/6% ee; Colorless liquid, [α]26
D = 

42.9 (c = 0.21, in CH2Cl2). 

SFC Chiralcel AS-3, CO2/MeOH = 90/10. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 5.52 min, t2 = 6.25 min, t3 = 7.72 min, t4 = 8.89 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.47 – 7.34 (m, 1H), 7.29 (ddd, J = 8.8, 

5.2, 1.6 Hz, 3H), 7.26 – 7.23 (m, 2H), 7.21 (dd, J = 10.0, 1.6 Hz, 2H), 7.18 – 

7.03 (m, 2H), 4.87 – 4.69 (m, 1H), 4.50 – 4.37 (m, 1H), 3.71 – 3.48 (m, 1H), 3.45 – 3.41 (m, 1H), 2.05 

(m, 1H), 1.88 – 1.74 (m, 2H), 1.62 (m, 2H), 1.34 – 1.22 (m, 3H), 0.98 (td, J = 7.6, 3.6 Hz, 3H) ppm. 

Endo D32: 13C NMR (101 MHz, CDCl3) δ 166.1, 144.9, 141.6, 137.2, 131.3, 129.4, 129.2, 128.9, 

128.7, 128.5, 128.1, 127.8, 127.5, 127.2, 120.9, 80.9, 46.5, 41.5, 36.7, 28.5, 25.3, 21.8, 8.1, ppm. 

Exo D32: 13C NMR (101 MHz, CDCl3) δ 166.0, 145.1, 141.7, 137.3, 131.3, 129.4, 129.2, 128.9, 128.7, 

128.6, 128.1, 127.8, 127.5, 127.2, 120.7, 80.7, 47.4, 40.9, 34.6, 30.2, 25.3, 21.8, 8.0 ppm. 

ESI-HRMS calcd for [C23H25NO2+Na+] = 370.1778, found 370.1778. 

IR ṽ (cm-1) 2925, 2360, 1695, 1540, 1454, 1249, 1164, 1106, 750, 700. 
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D33: (2S,4R)-6-benzyl-2-(tert-butyl)-2-methyl-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7 

(2H)-one 

D33: 60% yield, endo/exo = 88/12, 96%/39% ee; Colorless liquid, [α]26
D = 

-46.8 (c = 0.37, in CH2Cl2). 

SFC Chiralcel IE-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 3.78 min, t2 = 4.10 min, t3 = 4.68 min, t4 = 5.97 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.32 (m, 3H), 7.27 (q, J = 3.6 Hz, 

4H), 7.19 (m, 3H), 4.80 (m, 1H), 4.51 (d, J = 14.9 Hz, 1H), 3.85 (d, J = 17.8 

Hz, 1H), 3.74 (dd, J = 7.2, 3.6 Hz, 1H), 3.53 (d, J = 17.8 Hz, 1H), 2.45 (dd, J = 14.4, 7.4 Hz, 1H), 1.95 

(dd, J = 14.4, 3.6 Hz, 1H), 1.05 (s, 3H), 1.02 (s, 9H) ppm. 

Endo D33: 13C NMR (101 MHz, CDCl3) δ 166.0, 146.4, 143.3, 137.3, 128.9, 128.7, 128.6, 128.2, 

128.1, 127.8, 127.6, 126.5, 117.7, 84.0, 48.4, 46.6, 38.4, 36.3, 36.2, 25.6, 20.7 ppm. 

Exo D33: 13C NMR (101 MHz, CDCl3) δ 166.0, 146.4, 143.1, 137.3, 128.9, 128.7, 128.6, 128.2, 128.1, 

127.8, 127.6, 126.5, 117.4, 79.6, 49.0, 47.2, 40.0, 36.3, 36.2, 25.3, 17.6 ppm. 

ESI-HRMS calcd for [C25H29NO2+Na+] = 398.2091, found 398.2095. 

IR ṽ (cm-1) 2965, 2360, 1696, 1540, 1453, 1229, 1130, 1077, 1028, 734, 701. 
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D34: (R)-6-benzyl-2,2-diethyl-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

D34: 46% yield, endo/exo = 75/25, 83%/5% ee; Colorless liquid, [α]26
D = 

15.4 (c = 0.28, in CH2Cl2). 

SFC Chiralcel IH-3, CO2/MeOH = 90/10. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 4.99 min, t2 = 7.74 min, t3 = 9.18 min, t4 = 11.76 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.29 (m, 5H), 7.23 – 7.16 (m, 3H), 

7.12 (d, J = 7.2 Hz, 2H), 4.78 (d, J = 15.0 Hz, 1H), 4.42 (d, J = 15.0 Hz, 

1H), 3.54 (dd, J = 12.6, 6.8 Hz, 1H), 3.52 – 3.21 (m, 2H), 2.34 (dd, J = 14.2, 5.7 Hz, 1H), 2.01 – 1.67 

(m, 4H), 1.62 – 1.54 (m, 1H), 1.35 – 1.19 (m, 5H), 1.06 – 0.78 (m, 6H).ppm. 

Endo D34: 13C NMR (101 MHz, CDCl3) δ 165.9, 144.9, 141.7, 137.3, 128.9, 128.8, 128.7, 128.6, 

128.1, 128.0, 127.9, 127.8, 127.7, 127.6, 127.5, 127.2, 121.3, 83.8, 47.3, 46.5, 44.1, 41.4, 36.8, 23.6, 

22.3, 21.8, 14.5, 13.7 ppm. 

Exo D34: 13C NMR (101 MHz, CDCl3) δ 166.1, 145.0, 141.9, 136.7, 128.9, 128.8, 128.7, 128.6, 128.1, 

128.0, 127.9, 127.8, 127.7, 127.6, 127.5, 127.2, 121.3, 83.8, 47.8, 46.7, 44.1, 40.6, 38.8, 25.9, 22.8, 

22.6, 14.5, 13.8 ppm. 

ESI-HRMS calcd for [C24H27NO2+Na+] = 412.2247, found 412.2251. 

IR ṽ (cm-1) 2962, 2360, 1698, 1540, 1454, 1254, 750, 701. 
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(S)-6-benzyl-2,2,3,3-tetramethyl-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

D35: 60% yield, 77% ee; Colorless liquid, [α]22
D = -29.2 (c = 0.13, in CH2Cl2). 

SFC Chiralcel AS-3, CO2/MeOH = 90/10. 1.5 mL/min,  = 210 nm, retention 

time: t1 = 5.22 min, t2 = 8.63 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.32 – 7.28 (m, 2H), 7.28 – 7.27 (m, 

2H), 7.25 (d, J = 10.4 Hz, 2H), 7.22 – 7.18 (m, 2H), 7.08 (s, 2H), 4.80 (d, J = 

15.0 Hz, 1H), 4.43 (d, J = 15.0 Hz, 1H), 3.63 (d, J = 18.2 Hz, 1H), 3.53 (s, 1H), 

3.38 (dd, J = 18.2, 1.6 Hz, 1H), 1.48 (s, 3H), 1.34 (s, 3H), 0.85 (s, 3H), 0.78 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 166.0, 144.7, 137.7, 137.2, 128.7, 128.1, 127.8, 127.5, 127.2, 121.6, 

84.7, 48.1, 47.7, 46.6, 38.4, 23.8, 22.9, 21.5, 17.8 ppm. 

ESI-HRMS calcd for [C24H27NO2+Na+] = 384.1934, found 384.1941. 

IR ṽ (cm-1) 2981, 2360, 1695, 1493, 1452, 1443, 1380, 1246, 1152, 1084, 754. 
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D36: 

(1S,4'R)-6'-benzyl-4'-phenyl-3,3',4,4',5',6'-hexahydro-2H,7'H-spiro[naphthalene-1,2'-pyrano[2,3-

c]pyrrol]-7'-one 

D36: 52% yield, endo/exo > 19:1, 67% ee; Colorless liquid, [α]25
D = 

18.6 (c = 0.35, in CH2Cl2). 

SFC Chiralcel ID-3, CO2/MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 11.58 min, t2 = 15.11 min. 

1H NMR (600 MHz, Chloroform-d) δ 7.58 – 7.52 (m, 1H), 7.30 (q, J = 

7.1 Hz, 4H), 7.27 – 7.23 (m, 2H), 7.22 (d, J = 7.8 Hz, 2H), 7.19 – 7.14 

(m, 4H), 7.07 (d, J = 6.2 Hz, 1H), 4.75 (d, J = 15.0 Hz, 1H), 4.49 (d, J = 15.0 Hz, 1H), 3.72 (t, J = 8.4 

Hz, 1H), 3.55 – 3.44 (m, 2H), 2.91 – 2.85 (m, 1H), 2.77 (dt, J = 16.1, 5.6 Hz, 1H), 2.25 (q, J = 8.6 Hz, 

2H), 2.20 (t, J = 10.5 Hz, 1H), 2.03 (d, J = 10.1 Hz, 2H), 1.85 – 1.78 (m, 1H) ppm. 

13C NMR (101 MHz, CDCl3) δ 165.9, 145.6, 141.2, 138.4, 137.2, 137.1, 128.9, 128.7, 128.6, 128.1, 

127.8, 127.6, 127.4, 127.3, 126.2, 120.9, 79.9, 47.4, 46.6, 43.5, 37.3, 31.4, 29.7, 19.5 ppm. 

ESI-HRMS calcd for [C29H27NO2+Na+] = 444.1934, found 444.1927. 

IR ṽ (cm-1) 2934, 2360, 1697, 1540, 1492, 1246, 753, 701. 
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E1: (7R,9S)-4-benzyl-7,9-diphenyl-1,4-oxazonane-2,3,6-trione 

E1: 72% yield, dr = 87/13, 91%/60% ee; Colorless liquid, [α]23
D = -12.6 (c = 1.60, in CH2Cl2) 

SFC Chiralcel IB-3, CO2/ MeOH = 80/20. 1.5 mL/min,  = 210 nm, retention 

time: t1 = 2.60 min, t2 = 3.05 min, t3 = 3.82 min, t4 = 5.93 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.43 (m, 1H), 7.40-7.35 (m, 4H), 

7.32-7.27 (m, 6H), 7.24-7.20 (m, 3H), 7.13 (m, 1H), 6.10 (dd, J = 12.0, 2.4 Hz, 

1H), 5.52 (d, J = 14.8 Hz, 1H), 4.18 (m, 2H), 4.00 (dd, J = 12.0, 2.4 Hz, 1H), 

3.65 (d, J = 16.0 Hz, 1H), 3.14 – 3.04 (m, 1H), 2.30-2.25 (m, 1H) ppm. 

13C NMR (101 MHz, CDCl3) δ 207.4, 161.6, 161.5, 136.9, 136.8, 135.2, 129.4, 129.2, 129.0, 128.9, 

128.7, 128.6, 128.4, 128.2, 127.9, 127.8, 127.5, 126.5, 126.3, 125.9, 79.4, 56.0, 55.4, 50.7, 46.1 ppm. 

ESI-HRMS calcd for [C26H23NO4+Na+] = 436.1519, found 436.1523. 

IR ṽ (cm-1) 3031, 2929, 1759, 1727, 1674, 1496, 1454, 1424, 1359, 1256, 1153, 1084, 1067, 1029, 998, 

757, 698. 
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E2: (R)-1-benzyl-4-(1,3-diphenylpropyl)-3-hydroxy-1,5-dihydro-2H-pyrrol-2-one 

E2: 99% yield, 70% ee ; Colorless liquid, [α]22
D = -57.6 (c = 0.70, in 

CH2Cl2) 

SFC Chiralcel OJ-3, CO2/ MeOH = 80/20. 1.5 mL/min,  = 210 nm, 

retention time: t1 = 5.28 min, t2 = 15.06 min. 
1H NMR (400 MHz, CDCl3) δ 8.09 (s, 1H), 7.35 – 7.27 (m, 4H), 7.27 – 

7.21 (m, 5H), 7.21 – 7.14 (m, 4H), 7.13 – 7.09 (m, 2H), 4.66 – 4.51 (m, 

2H), 3.79 (t, J = 7.8 Hz, 1H), 3.60 – 3.34 (m, 2H), 2.58 (t, J = 7.8 Hz, 

2H), 2.40 – 2.28 (m, 1H), 2.20 (dq, J = 13.4, 7.8 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 168.22, 142.89, 141.92, 141.55, 136.68, 128.84, 128.73, 128.51, 

128.37, 128.00, 127.95, 127.71, 126.93, 126.70, 125.87, 123.66, 47.99, 46.83, 42.69, 35.33, 34.19. 

ESI-HRMS calcd for [C26H25NO2+Na+] = 406.1778, found 406.1781. 

IR ṽ (cm-1) 3028, 2923, 2854, 1663, 1602, 1494, 1452, 1378, 1265, 1200, 1079, 1029, 911, 726, 698, 

620, 492. 
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D37: 

(2S,3S,4R)-6-benzyl-2-(3,4-dimethoxyphenyl)-3-methyl-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]

pyrrol-7(2H)-one 

98% yield, endo/exo = 78/22, 45%/40% ee; Colorless liquid, 

[α]24
D = 17.2 (c = 0.84, in CH2Cl2). 

HPLC (Daicel chiralcel IK, n-hexane/i-PrOH 70/30, 1.0 mL/min, 

 = 210 nm), t1 = 58.41 min, t2 = 61.27 min, t3 = 72.28 min, t4 = 

140.38 min. 

1H NMR (400 MHz, Chloroform-d) δ 7.32 (dq, J = 12.2, 5.6, 4.8 

Hz, 5H), 7.26 – 7.23 (m, 2H), 7.21 – 7.07 (m, 3H), 6.93 – 6.78 (m, 3H), 4.85 (d, J = 14.8 Hz, 1H), 4.73 

(d, J = 10.2 Hz, 1H), 4.43 (d, J = 14.8 Hz, 1H), 3.86 (d, J = 2.8 Hz, 6H), 3.62 – 3.57 (m, 2H), 3.35 (d, J 

= 14.4 Hz, 1H), 2.51 – 2.13 (m, 1H), 0.43 (d, J = 7.2 Hz, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 165.4, 149.0, 148.9, 146.2, 139.3, 137.1, 131.1, 129.6, 128.8, 128.7, 

128.6, 128.5, 128.2, 128.0, 127.6, 127.3, 121.5, 120.4, 110.6, 110.2, 81.0, 55.9, 55.9, 47.8, 46.6, 43.1, 

37.6, 15.0 ppm. 

ESI-HRMS calcd for [C29H29NO4+Na+] = 478.1989, found 478.1994. 

IR ṽ (cm-1) 2932, 1690, 1598, 1515, 1455, 1419, 1261, 1237, 1141, 1080, 1026, 854, 760, 703. 
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14. Copies of NMR spectra for the reaction products. 
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