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General methods 

 

All anaerobic and moisture-sensitive manipulations were carried out in anhydrous solvents and under 

nitrogen. CH2Cl2 and THF were dried and stored over microwave-activated 4Å molecular sieves. Melting 

points were taken in open-end capillary tubes. Reactions were monitored by thin-layer chromatography 

carried out on 0.25 mm silica gel plates (230-400 mesh). Flash column chromatographies were performed 

using silica gel (230-400 mesh). NMR spectra were recorded on AC-300 MHz instrument and calibrated 

using residual undeuterated solvent (CDCl3) as internal reference. MS spectra were recorded on a VG 

AutoSpec mass spectrometer. The HPLC chromatograms of the racemic and enantiomerically enriched 

cycloadducts are also included.  

α-Aminoacetamides [(2-amino- N, N-dimethylacetamide, 2-amino- N-methyl-N-methoxyacetamide, 2-

amino- N-methyl-N-(4-fluorophenyl)acetamide)] were prepared in three reaction steps as previously 

described in the literature.1 α-Iminoamides 1a-o were prepared by condensation of α-aminoacetamides 

and the corresponding aldehydes following a similar procedure to those described for the preparation of 

α-iminoesters.2 Due to their lability, all the α-iminoamides precursors of the azomethine ylides, once 

isolated were immediately used in the 1,3-dipolar cycloaddition without further purification.  
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Catalyst optimization studies. 

The table below shows other chiral catalyst systems tested in the model [3+2] cycloaddition. 

 

Metal Ligand Conversion exo: endo Yield (%) 
ee (%) 

(exo-4a) 

AgOAc 

 

>98 70:30 74 20 (+) 

Cu(OAc)2 

 
>98 92:8 80 48 (+) 

Zn(OAc)2 

 
>98 50:50 61 0 

Cu(CH3CN)4PF6 

 
>98 ≥98:<2 91 ≥99 (+) 

Cu(CH3CN)4PF6 

 

>98 ≥98:<2 96 ≥99 (+) 

Cu(CH3CN)4PF6 
 

90 86:14 86 93 (-) 

Cu(CH3CN)4PF6 

 

0 -- -- -- 

Cu(CH3CN)4PF6 

 

>98 90:10 70 24 (+) 

Cu(CH3CN)4PF6 

 

45 <2:≥98 56 0 

Cu(CH3CN)4PF6 

 

90 <2:≥98 54 6 (+) 
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Typical procedures for the synthesis of α-iminoacetamides. 2-Benzylideneamino-N,N-

dimethylacetamide (1a) 

A suspension of 2-amino-N,N dimethylacetamide (520 mg, 5.10 mmol), 

MgSO4 (708 mg, 5.88 mmol) and benzaldehyde (400 μL, 416 mg, 3.92 

mmol) in dry CH2Cl2 (40 mL) was stirred at 40ºC. After 12h the mixture was 

filtered over Celite® and the solvent was evaporated under reduced pressure 

to afford 1a (596 mg, 80%, colorless oil) which was used in the next step without further purification. 1H 

NMR (300 MHz, CDCl3): δ 8.21 (s, 1H), 7.66-7.63 (m, 2H), 7.29-7.27 (m, 3H), 4.33 (s, 2H), 3.10 (s, 3H), 

2.85 (s, 3H).  

 

2-[(4-Trifluoromethylbenzylidene)amino]-N,N-dimethylacetamide (1b) 

Following the general procedure, the reaction of 4-

(trifluoromethyl)benzaldehyde (162 μL, 202 mg, 1.16 mmol) with 2-

amino-N,N-dimethylacetamide (142 mg, 1.39 mmol) and MgSO4 (209 

mg, 1.74 mmol) in CH2Cl2 (12 mL) afforded 1b (296 mg, 99%, 

colorless solid). 1H NMR (300 MHz, CDCl3): δ 8.27 (s, 1H), 7.77 (d, J = 8.1 Hz, 2H), 7.55 (d, J = 8.1 Hz, 

2H), 4.40 (s, 2H), 3.11 (s, 3H), 2.89 (s, 3H). 

 

2-[(4-Bromobenzylidene)amino]-N,N-dimethylacetamide (1c) 

Following the general procedure, the reaction of 4-bromobenzaldehyde 

(759 mg, 4.10 mmol) with 2-amino-N,N-dimethylacetamide (502 mg, 

4.92 mmol) and MgSO4 (740 mg, 6.15 mmol) in CH2Cl2 (41 mL) 

afforded 1c (977 mg, 89%, colorless oil). 1H NMR (300 MHz, CDCl3): 

δ 8.09 (s, 1H), 7.47 (d, J = 7.7 Hz, 2H), 7.37 (d, J = 7.7 Hz, 2H), 4.29 (s, 2H), 3.03 (s, 3H), 2.82 (s, 3H). 

 

2-[(4-Chlorobenzylidene)amino]-N,N-dimethylacetamide (1d) 

Following the general procedure, the reaction of 4-chlorobenzaldehyde 

(144 mg, 1.00 mmol) with 2-amino-N,N-dimethylacetamide (132 mg, 

1.29 mmol) and MgSO4 (181 mg, 1.50 mmol) in CH2Cl2 (10 mL) 

afforded 1d (218 mg, 97%, colorless solid). 1H NMR (300 MHz, 

CDCl3): δ 8.27 (s, 1H), 7.68 (d, J = 8.5 Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 4.43 (s, 2H), 3.19 (s, 3H), 2.96 

(s, 3H). 

 

2-[(4-Methoxybenzylidene)amino]-N,N-dimethylacetamide (1e) 

Following the general procedure, the reaction of 4-

methoxybenzaldehyde (215 mg, 1.76 mmol) with 2-amino-N,N-

dimethylacetamide (216 mg, 2.12 mmol) and MgSO4 (318 mg, 2.64 

mmol) in CH2Cl2 (18 mL) afforded 1e (380 mg, 98%, orange oil). 1H 

NMR (300 MHz, CDCl3): δ 8.14 (s, 1H), 7.59 (d, J = 8.8 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 4.30 (s, 2H), 

3.70 (s, 3H), 3.10 (s, 3H), 2.83 (s, 3H). 
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2-[(4-Nitrobenzylidene)amino]-N,N-dimethylacetamide (1f) 

Following the general procedure, the reaction of 4-nitro-benzaldehyde 

(196 mg, 1.24 mmol) with 2-amino-N,N-dimethylacetamide ( 165 mg, 

1.62 mmol) and MgSO4 (225 mg, 1.87 mmol) in CH2Cl2 (12 mL) 

afforded 1f (287.0 mg, 98%, pale brown solid). 1H NMR (300 MHz, 

CDCl3): δ 8.29 (s, 1H), 8.10 (d, J= 8.8 Hz, 2H), 7.80 (d, J= 8.8 Hz, 2H), 4.42 (s, 2H), 3.11 (s, 3H), 2.87 (s, 

3H).  

 

2-[(3-Methylbenzylidene)amino]-N,N-dimethylacetamide (1g) 

Following the general procedure, the reaction of 3-tolualdehyde (108 μL, 110 

mg, 0.89 mmol) with 2-amino-N,N-dimethylacetamide (109 mg, 1.07 mmol) 

and MgSO4 (161 mg, 1.33 mmol) in CH2Cl2 (9 mL) afforded 1g (176.0 mg, 

97%, colorless oil). 1H NMR (300 MHz, CDCl3): δ 8.30 (s, 1H), 7.61 (s, 1H), 

7.53 (d, J = 7.3 Hz, 1H), 7.32-7.22 (m, 2H), 4.45 (s, 2H), 3.20 (s, 3H), 2.98 (s, 

3H), 2.38 (s, 3H). 

 

2-[(2-Methylbenzylidene)amino]-N,N-dimethylacetamide (1h) 

Following the general procedure, the reaction of 2-tolualdehyde (255 μL, 245 

mg, 2.14 mmol) with 2-amino-N,N-dimethylacetamide (262 mg, 2.57 mmol) 

and MgSO4 (386 mg, 3.21 mmol) in CH2Cl2 (21 mL) afforded 1h (415 mg, 

95%, orange oil). 1H NMR (300 MHz, CDCl3): δ 8.64 (s, 1H), 7.91 (d, J = 8.3 Hz, 1H), 7.35-7.17 (m, 

3H), 4.49 (s, 2H), 3.22 (s, 3H), 2.99 (s, 3H), 2.52 (s, 3H). 

 

2-[(2-Naphtyl-2-methylidene)amino]-N,N-dimethylacetamide (1i) 

Following the general procedure, the reaction of 2-naphthaldehyde (143 

mg, 0.90 mmol) with 2-amino-N,N-dimethylacetamide (110 mg, 1.07 

mmol) and MgSO4 (163 mg, 1.35 mmol) in CH2Cl2 (9 mL) afforded 1i 

(205 mg, 95%, yellow solid). 1H NMR (300 MHz, CDCl3): δ 8.47 (s, 1H), 

8.07-8.05 (m, 2H), 7.89-7.84 (m, 2H), 7.54-7.51 (m, 3H), 4.51 (s, 2H), 

3.22 (s, 3H), 3.00 (s, 3H). 

 

2-[(3-Thienyl-2-methylidene)amino]-N,N-dimethylacetamide (1j) 

Following the general procedure, the reaction of 3-thiophene-carbaldehyde 

(123 μL, 157 mg, 1.38 mmol) with 2-amino-N,N-dimethylacetamide (183 mg, 

1.79 mmol) and MgSO4 (249 mg, 2.07 mmol) in CH2Cl2 (14 mL) afforded 1j 

(259 mg, 96%, pale brown solid). 1H NMR (300 MHz, CDCl3): δ 8.19 (s, 1H), 7.52 (dd, J = 3.0, 1.2 Hz, 

1H), 7.41 (dd, J = 5.1, 1.2 Hz, 1H), 7.18 (t, J = 2.4, 2.4 Hz, 1H), 4.27 (d, J = 1.5 Hz, 2H), 3.04 (s, 3H), 

2.83 (s, 3H). 
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2-[(2-(5-Bromo)thienyl-2-methylidene)amino]-N,N-dimethylacetamide (1k) 

 Following the general procedure, the reaction of 5-bromo-2-

thiophenecarbaldehyde (187 μL, 300 mg, 1.49 mmol) with 2-amino-N,N-

dimethylacetamide (198 mg, 1.94 mmol) and MgSO4 (270 mg, 2.24 

mmol) in CH2Cl2 (15 mL) afforded 1k (407 mg, 99%, brown oil). 1H 

NMR (300 MHz, CDCl3): δ 8.13 (s, 1H), 6.93 (d, J = 3.9 Hz, 1H), 6.90 – 6.85 (m, 1H), 4.23 (s, 2H), 3.02 

(s, 3H), 2.81 (s, 3H). 

 

(E, E)-2-[3-Phenylprop-2-en-1-ylidene)amino]-N,N-dimethylacetamide (1l) 

Following the general procedure, the reaction of (2E)-3-phenyl-2-

propenal (157 μL, 165 mg, 1.24 mmol) with 2-amino-N,N-

dimethylacetamide (165 mg, 1.62 mmol) and MgSO4 (224 mg, 1.86 

mmol) in CH2Cl2 (13 mL) afforded 1l (258 mg, 97%, colorless oil). 1H 

NMR (300 MHz, CDCl3): δ 8.08 (d, J = 5.8 Hz, 1H), 7.51 – 7.43 (m, 2H), 7.37 – 7.30 (m, 3H), 7.01 – 

6.92 (m, 2H), 4.36 (s, 2H), 3.14 (s, 3H), 2.97 (s, 3H).  

 

 

2-Benzylideneamino-N-methyl-N-(4-fluorophenyl)acetamide (1m) 

Following the general procedure, the reaction of of benzaldehyde  (109 μL, 114 mg, 1.07 mmol) with 2-

amino-N-(4-fluorophenyl)-N-methyl-acetamide (248 mg, 1.39 

mmol) and MgSO4 (193 mg, 1.60 mmol) in CH2Cl2 (11 mL) 

afforded 1m (283 mg, 98%, colorless solid). 1H NMR (300 MHz, 

CDCl3): δ 8.09 (s, 1H), 7.72 – 7.63 (m, 2H), 7.40 – 7.29 (m, 3H), 

7.25 (dd, J = 8.7, 4.8 Hz, 2H), 7.06 (t, J = 8.4 Hz, 3H), 4.14 (s, 2H), 3.25 (s, 3H). 

 

2-Benzylideneamino-N-methyl-N-methoxyacetamide (1n)3 

Following the general procedure, the reaction of benzaldehyde (163 μL, 

170 mg, 1.60 mmol) with 2-amino-N-methoxy-N-methyl-acetamide (200 

mg, 1.92 mmol) and MgSO4 (289 mg, 2.40 mmol) in CH2Cl2 (16 mL) 

afforded 1n (294 mg, 89%, yellow solid). 1H NMR (300 MHz, CDCl3): δ 

8.32 (s, 1H), 7.80-7.77 (m, 2H), 7.42-7.40 (m, 3H), 4.55 (s, 2H), 3.76 (s, 3H), 3.23 (s, 3H). 

 

2-[(4-Bromobenzylidene)amino]-N-methyl-N-methoxyacetamide (1o) 

Following the general procedure, the reaction of 4-

bromobenzaldehyde (150 mg, 0.80 mmol) with 2-amino-N-methoxy-

N-methyl-acetamide (100 mg, 0.96 mmol) and MgSO4 (144 mg, 1.20 

mmol) in CH2Cl2 (8 mL) afforded 1o (216 mg, 95%, colorless solid). 
1H NMR (300 MHz, CDCl3): δ 8.24 (s, 1H), 7.62 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H), 4.52 (s, 

2H), 3.76 (s, 3H), 3.22 (s, 3H). 
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General procedure for the 1, 3 dipolar cycloaddition. (1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-

phenyl-octahydropyrrolo[3,4-c]pyrrole-1-N,N-dimethylcarboxamide  (exo-4a) 

To a solution of (R)-DTBM-Segphos (3c) (5.8 mg, 4.90 10-3 mmol) and 

Cu(CH3CN)4PF6 (1.7 mg, 4.50 10-3 mmol) in THF (1.0 mL), under nitrogen 

atmosphere, at room temperature, a solution of 2-benzylidenamino-N,N-

dimethylacetamide (1a) (128.3 mg, 0.68 mmol) in THF (1.5 mL) and Et3N (13 

μL, 0.090 mmol) were successively added. The resulting solution was added 

to a suspension of N-methylmaleimide (2) (50.0 mg, 0.45 mmol) in THF (1.5 mL). The mixture was 

stirred at room temperature for 48 h, filtered through a plug of Celite® with the aid of CH2Cl2 (5.0 mL), 

and the solvent was removed under reduced pressure. The residue was purified by flash chromatography 

(hexane-AcOEt 1:1-1:4) to afford the cycloadduct exo-4a (115.0 mg, 85%, colorless solid). m.p.: 180.3-

182.2ºC. [α]D
20:+29.9 (c=1.0, CH2Cl2), ≥99% ee. HPLC: Daicel Chiralpak IB, ethanol-hexane 20-80, 

flow rate 0.7 mL/min (λ = 210 nm), tR: 23.27 min (1R, 3S, 3aS, 6aR)-exo-4a and 27.21 min (1S, 3R, 3aS, 

6aR)-exo-4a. 1H NMR (300 MHz, CDCl3): δ 7.55 (d, J = 7.8 Hz, 2H), 7.42-7-30 (m, 3H), 4.32 (d, J = 5.9 

Hz, 1H), 4.26 (d, J = 7.8 Hz, 1H), 3.77-3.72 (m, 1H), 3.47 (t, J = 8.9 Hz, 1H), 3.29 (s, 3H), 3.05 (s, 3H), 

3.02 (s, 3H). 13C NMR (75 MHz, CDCl3): 177.3, 176.4, 170.4, 139.2, 128.8, 128.0, 126.8, 67.2, 60.1, 

54.7, 53.3, 37.2, 36.4, 25.0. MS (ESI+): 302.2 ([M+H], 60). HRMS (ESI+): Calculated for C16H19N3O3, 

302.1504; found, 302.1502. 

 

(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(4-trifluromethyl)phenyl-octahydropyrrolo[3,4-c]pyrrole-

1- N,N-dimethylcarboxamide (exo-4b)  

Following the general procedure, the reaction of 2-[(4-

trifluoromethylbenzylidene)amino]-N,N-dimethylacetamide (1b) (60.0 

mg, 0.23 mmol) with N-methylmaleimide (2) (17.2 mg, 0.16 mmol), 

Cu(CH3CN)4PF6 (0.6 mg, 1.55 10-3 mmol), (R)-DTBM-Segphos (3c) 

(2.0 mg, 1.70 10-3 mmol) and Et3N (4 µL, 0.031 mmol), in THF (2.5 

mL) at room temperature for 16 h afforded, after purification by silica gel flash chromatography (hexane-

EtOAc 1:1-1:5), the cycloadduct exo-4b (58.0 mg, 98%, colorless solid). m.p.: 121.8-123.6ºC. 

[α]D
20:+33.6 (c=1.1, CH2Cl2), 98% ee. HPLC: Daicel Chiralpak IB, ethanol-hexane 20-80, flow rate 0.7 

mL/min (λ = 210 nm), tR: 20.43 min (1R, 3S, 3aS, 6aR)-exo-4b and 23.41 min (1S, 3R, 3aR, 6aS)-exo-4b. 

1H NMR (300 MHz, CDCl3): δ 7.67 (d, J = 8.5 Hz, 2H), 7.61 (d, J = 8.5 Hz, 2H), 4.34-4.30 (m, 2H), 

3.77-3.72 (m, 1H), 3.46-3.41 (m, 1H), 3.26 (s, 3H), 3.01 (s, 6H) 19F RMN (282 MHz, CDCl3): -62.30. 
13C NMR (75 MHz, CDCl3): δ 177.0, 176.2, 170.1, 143.5 (q, J C-F = 1.3 Hz), 130.2 (q, J C-F = 32.5 Hz), 

127.1 , 125.6 (q, J C-F = 3.8 Hz), 124.01 (d, J C-F = 272.1 Hz), 66.5, 60.2, 54.6, 53.1, 37.2, 36.4, 25.1. MS 

(FAB+): 370.1 ([M+H], 100). HRMS (FAB+): Calculated for C17H19N3O3F3, 370.1379; found, 370.1370. 

 

(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(4-bromophenyl)-octahydropyrrolo[3,4-c]pyrrole-1- N,N-

dimethylcarboxamide (exo-4c) 

Following the general procedure, the reaction of  2-[(4-

bromobenzylidene)amino]-N,N-dimethylacetamide (1c) (50.0 mg, 0.19 
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mmol) with N-methylmaleimide (2) (17.8 mg, 0.16 mmol), Cu(CH3CN)4PF6 (0.6 mg, 1.55 10-3 mmol), 

(R)-DTBM-Segphos (3c) (2.0 mg, 1.70 10-3 mmol) and Et3N (4 µL, 0.031 mmol), in THF (2.5 mL) at 

room temperature for 48 h afforded, after purification by silica gel flash chromatography (hexane-EtOAc 

1:1-1:2) the cycloadduct exo-4c (55.0 mg, 92%, colorless solid). m.p.: 172.4-174.8ºC. [α]D
20:+47.8 (c=1.1, 

CH2Cl2), 99% ee. HPLC: Daicel Chiralpak OJ, ethanol-hexane 20-80, flow rate 0.7 mL/min (λ = 210 

nm), tR: 26.66 min (1R, 3S, 3aS, 6aR)-exo-4c and 33.48 min (1S, 3R, 3aR, 6aS)-exo-4c. 1H NMR (300 

MHz, CDCl3): δ 7.49 (d, J = 8.5 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 4.30 (bs, 1H), 4.20 (bs, 1H), 3.75-3.70 

(m, 1H), 3.42-3.36 (m, 1H), 3.26 (s, 3H), 3.02 (s, 3H), 3.00 (s, 3H). 13C NMR (75 MHz, CDCl3): δ 177.1, 

176.3, 170.2, 138.5, 131.9, 128.5, 122.1, 66.5, 60.1, 54.7, 53.2, 37.2, 36.5, 25.1. MS (ES+): 380.2 

([M+H], 70). HRMS (ES+): Calculated for C16H19N3O3Br, 380.0609; found, 380.0593. 

 
(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(4-chlorophenyl)-octahydropyrrolo[3,4-c]pyrrole-1- N,N-

dimethylcarboxamide (exo-4d) 

Following the general procedure, the reaction of 2-[(4-

chlorobenzylidene)amino]-N,N-dimethylacetamide (1d)  (90.9 mg, 0.40 

mmol) with N-methylmaleimide (2) (30.0 mg, 0.27 mmol), 

Cu(CH3CN)4PF6 (1.0 mg, 2.70 10-3 mmol), (R)-DTBM-Segphos (3c) (3.5 

mg, 2.97 10-3 mmol) and Et3N (8 µL, 0.031 mmol), in THF (3 mL) at 

room temperature for 42 h afforded, after purification by silica gel flash chromatography (hexane-EtOAc 

1:1-1:5) the cycloadduct exo-4d (85.0 mg, 94%, colorless solid). m.p.: 154.0-156.6ºC. [α]D
20:+48.7 

(c=1.1, CH2Cl2), ≥ 99% ee. HPLC: Daicel Chiralpak IB, ethanol-hexane 20-80, flow rate 0.7 mL/min (λ 

= 210 nm), tR: 21.71 min (1R, 3S, 3aS, 6aR)-exo-4d and 24.37 min (1S, 3R, 3aR, 6aS)-exo-4d. 1H NMR 

(300 MHz, CDCl3): δ 7.46 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.5 Hz, 2H), 4.28 (d, J = 5.3 Hz, 1H), 4.20 (d, 

J = 7.7 Hz, 1H), 3.71 (dd, J = 9.3, 5.3 Hz, 1H), 3.37 (dd, J = 9.3, 7.6 Hz, 1H), 3.24 (s, 3H), 3.00 (s, 3H), 

2.99 (s, 3H). 13C NMR (75 MHz, CDCl3): δ 177.1, 176.2, 170.1, 137.9, 133.8, 128.9, 128.1, 66.4, 60.1, 

54.6, 53.2, 37.1, 36.4, 25.0. MS (ES+): 336.1 ([M+H], 100). HRMS (ES+): Calculated for C16H19N3O3Cl, 

336.1104; found, 336.1111. 

 
(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(4-methoxyphenyl)-octahydropyrrolo[3,4-c]pyrrole-1- N,N-

dimethylcarboxamide (exo-4e) 

Following the general procedure, the reaction of 2-[(4-

methoxybenzylidene)amino]-N,N-dimethylacetamide (1e) (60.0 mg, 

0.27 mmol) with N-methylmaleimide (2) (20.3 mg, 0.18 mmol), 

Cu(CH3CN)4PF6 (0.7 mg, 1.82 10-3 mmol), (R)-DTBM-Segphos (3c) 

(2.4 mg, 2.00 10-3 mmol) and Et3N (5 µL, 0.031 mmol), in THF (3 mL) 

at room temperature for 90 h afforded, after purification by silica gel flash chromatography (hexane-

EtOAc 1:1-1:5) the cycloadduct exo-4e (40.4 mg, 67%, brown solid). m.p.: 137.3-139.5ºC. [α]D
20:+33.8 

(c=0.5, CH2Cl2), 96% ee. HPLC: Daicel Chiralpak IB, ethanol-hexane 20-80, flow rate 0.7 mL/min (λ = 

210 nm), tR: 26.15 min (1S, 3R, 3aR, 6aS)-exo-4e and 32.82min (1R, 3S, 3aS, 6aR)-exo-4e. 1H NMR (300 

MHz, CDCl3): δ 7.42 (d, J = 8.7Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 4.27 (d, J = 5.5 Hz, 1H), 4.15 (d, J = 

7.9 Hz, 1H), 3.78 (s, 3H), 3.71-3.66 (m, 1H), 3.41-3.35 (m, 1H), 3.25 (s, 3H), 3.01 (s, 3H), 2.98 (s, 3H). 
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13C NMR (75 MHz, CDCl3): δ 177.2, 176.2, 170.4, 159.4, 131.2, 127.9, 114.2, 66.9, 60.0, 55.3, 54.8, 

53.4, 37.1, 36.4, 24.9. MS (FAB+): 332.5 ([M+H], 30). HRMS (FAB+): Calculated for C17H22N3O4, 

332.1610; found, 332.1617. 

 
(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(4-nitrophenyl)-octahydropyrrolo[3,4-c]pyrrole-1- N,N-

dimethylcarboxamide (exo-4f) 

Following the general procedure, the reaction of 2-[(4-

nitrobenzylidene)amino]-N,N-dimethylacetamide (1f) (63.5 mg, 0.40 

mmol) with N-methylmaleimide (2) (30.0 mg, 0.27 mmol), 

Cu(CH3CN)4PF6 (1.0 mg, 2.70 10-3 mmol), (R)-DTBM-Segphos (3c) 

(3.5 mg, 2.97 10-3 mmol) and Et3N (8 µL, 0.031 mmol), in THF (3 mL) 

at room temperature for 70 h afforded, after purification by silica gel flash chromatography (hexane-

EtOAc 1:1-0:1) the cycloadduct exo-4f (80.0 mg, 86%, yellow solid). m.p.: 138.3-141.8ºC. [α]D
20:+60.9 

(c=0.32, CH2Cl2), ≥ 99% ee. HPLC: Daicel Chiralpak IB, ethanol-hexane 20-80, flow rate 0.7 mL/min (λ 

= 210 nm), tR: 42.26 min (1R, 3S, 3aS, 6aR)-exo-4f and 52.42 min (1S, 3R, 3aR, 6aS)-exo-4f. 1H NMR 

(300 MHz, CDCl3): δ 8.19 (d, J = 8.8 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H), 4.48 – 4.28 (m, 2H), 3.79 (dd, J = 

9.6, 4.9 Hz, 1H), 3.54 – 3.36 (m, 1H), 3.27 (s, 3H), 3.15 (bs, 1H), 3.02 (s, 3H), 3.00 (s, 3H). 13C NMR 

(75 MHz, CDCl3): δ 177.0, 176.3, 169.9, 147.5, 147.1, 127.6, 123.8, 66.1, 60.3, 54.5, 52.8, 37.2, 36.4, 

25.2. MS (ESI+): 347.3 ([M+H], 100). HRMS (ESI+): Calculated for C16H19N4O5, 347.1349; found, 

347.1334. 

 
(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(3-methylphenyl)-octahydropyrrolo[3,4-c]pyrrole-1- N,N-

dimethylcarboxamide (exo-4g) 

Following the general procedure, the reaction of 2-[(3-

methylbenzylidene)amino]-N,N-dimethylacetamide (1g) (60.0 mg, 0.29 

mmol) with N-methylmaleimide (2) (21.8 mg, 0.20 mmol), Cu(CH3CN)4PF6 

(0.7 mg, 1.96 10-3 mmol), (R)-DTBM-Segphos (3c) (2.5 mg, 2.16 10-3 mmol) 

and Et3N (5 µL, 0.031 mmol), in THF (2.5 mL) at room temperature for 45 h 

afforded, after purification by silica gel flash chromatography (hexane-EtOAc 

1:1-1:4) the cycloadduct exo-4g (54.0 mg, 86%, pale yellow oil). [α]D
20:+25.1 (c=1.1, CH2Cl2), 96% ee. 

HPLC: Daicel Chiralpak IB, ethanol-hexane 20-80, flow rate 0.7 mL/min (λ = 210 nm), tR: 22.66 min 

(1R, 3S, 3aS, 6aR)-exo-4g and 26.36 min (1S, 3R, 3aR, 6aS)-exo-4g. 1H NMR (300 MHz, CDCl3): δ 7.32-

7.24 (m, 3H), 7.14-7.11 (m, 1H), 4.28 (d, J = 5.6 Hz, 1H), 4.19 (d, J = 7.9 Hz, 1H), 3.74-3.69 (m, 1H), 

3.47-3.41 (m, 1H), 3.27 (s, 3H), 3.04 (s, 3H), 3.01 (s, 3H), 2.36 (s, 3H). 13C NMR (75 MHz, CDCl3): δ 

177.3, 176.2, 170.4, 139.1, 138.5, 128.9, 128.7, 127.4, 123.9, 67.3, 60.2, 54.8, 53.4, 37.2, 36.4, 25.1, 21.7. 

MS (FAB+): 315.4 ([M+H], 100). HRMS (FAB+): Calculated for C17H22N3O3, 316.1661; found, 

316.1658. 

 
(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(2-methylphenyl)-octahydropyrrolo[3,4-c]pyrrole-1- N,N-

dimethylcarboxamide (exo-4h) 
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Following the general procedure, the reaction of 2-[(2-

methylbenzylidene)amino]-N,N-dimethylacetamide (1h) (55.1 mg, 0.27 

mmol) with N-methylmaleimide (2) (20.0 mg, 0.18 mmol), Cu(CH3CN)4PF6 

(3.4 mg, 9.00 10-3 mmol), (R)-DTBM-Segphos (3c) (11.7 mg, 9.90 10-3 mmol) 

and Et3N (5 µL, 0.036 mmol), in THF (3 mL) at room temperature for 48 h 

afforded, after purification by silica gel flash chromatography (hexane-EtOAc 1:1-1:10) the cycloadduct 

exo-4h (47.0 mg, 83%, yellow solid). m.p.: 197.4-199.2ºC. [α]D
20:-9.1 (c=1.1, CH2Cl2), 98% ee. HPLC: 

Daicel Chiralpak IB, ethanol-hexane 10-90, flow rate 0.7 mL/min (λ = 210 nm), tR: 34.28 min (1R, 3S, 

3aS, 6aR)-exo-4h and 41.63 min (1S, 3R, 3aR, 6aS)-exo-4h. 1H NMR (300 MHz, CDCl3): δ 7.14 (d, J = 

7.4 Hz, 1H), 7.28-7.17 (m, 3H), 4.42 (d, J = 7.9 Hz, 1H), 4.29 (d, J = 5.4 Hz, 1H), 3.79-3.74 (m, 1H), 

3.57-3.51 (m, 1H), 3.26 (s, 3H), 3.03 (s, 3H), 3.00 (s, 3H), 2.41 (s, 3H). 13C NMR (75 MHz, CDCl3): δ 

177.9, 176.7, 171.0, 137.6, 137.3, 131.5, 128.6, 127.3, 126.2, 64.4, 61.0, 54.9, 53.9, 37.7, 37.0, 25.5, 20.2. 

MS (FAB+): 316.4 ([M+H], 100). HRMS (FAB+): Calculated for C17H22N3O3, 316.1661; found, 

316.1662. 

 
(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(2-napthyl)-octahydropyrrolo[3,4-c]pyrrole-1- N,N-

dimethylcarboxamide (exo-4i) 

Following the general procedure, the reaction of 2-[(2-naphtyl-2-

methylidene)amino]-N,N-dimethylacetamide (1i) (80.0 mg, 0.33 mmol) 

with N-methylmaleimide (2) (24.7 mg, 0.22 mmol), Cu(CH3CN)4PF6 (8.3 

mg, 2.22 10-3 mmol), (R)-DTBM-Segphos (3c) (6.4 mg, 0.024 mmol) and 

Et3N (6 µL, 0.044 mmol), in THF (3 mL) at room temperature for 13 h 

afforded, after purification by silica gel flash chromatography (hexane-

EtOAc 1:1-0:1) the cycloadduct exo-4i (58.8 mg, 76%, colorless solid). m.p.: 179.9-180.5ºC. [α]D
20:+57.7 

(c=1.1, CH2Cl2), ≥ 99% ee. HPLC: Daicel Chiralpak IB, ethanol-hexane 20-80, flow rate 0.7 mL/min (λ 

= 210 nm), tR: 33.86 min (1R, 3S, 3aS, 6aR)-exo-4i and 39.57 min (1S, 3R, 3aR, 6aS)-exo-4i. 1H NMR 

(300 MHz, CDCl3): δ 7.95 (s, 1H), 7.86-7.81 (m, 3H), 7.70-7.67 (m, 1H), 7.49-7.46 (m, 2H), 4.43-4.35 

(m, 2H), 3.78 (dd, J = 9.3, 5.4 Hz, 1H), 3.55 (dd, J = 9.4, 7.6 Hz, 1H), 3.31 (s, 3H), 3.05 (s, 3H), 3.04 (s, 

3H). 13C NMR (75 MHz, CDCl3): δ 177.3, 176.4, 170.4, 136.6, 133.3, 133.1, 128.7, 128.1, 127.7, 126.4, 

126.2, 125.7, 124.6, 67.4, 60.3, 54.8, 53.4, 37.2, 36.5, 25.0.  MS (FAB+): 352.2 ([M+H], 80). HRMS 

(FAB+): Calculated for C20H22N3O3, 352.1661; found, 352.1665.  

 
(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(3-thienyl)-octahydropyrrolo[3,4-c]pyrrole-1- N,N-

dimethylcarboxamide (exo-4j) 

Following the general procedure, the reaction of 2-[(3-thienyl-2-

methylidene)amino]-N,N-dimethylacetamide (1j) (50.0 mg, 0.26 mmol) with 

N-methylmaleimide (2) (18.9 mg, 0.17 mmol), Cu(CH3CN)4PF6 (3.17 mg, 8.50 

10-3 mmol), (R)-DTBM-Segphos (3c) (11.0 mg, 9.35 10-3 mmol) and Et3N (5 

µL, 0.031 mmol), in THF (3 mL) at room temperature for 96 h afforded, after 

purification by silica gel flash chromatography (hexane-EtOAc 1:1) the cycloadduct exo-4j (50.0 mg, 

95%, pale yellow solid). m.p.: 166.0-169.0ºC. [α]D
20:+58.7 (c=0.31, CH2Cl2), ≥ 99% ee. HPLC: Daicel 
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Chiralpak IB, i-PrOH-hexane 40-60, flow rate 0.7 mL/min (λ = 210 nm), tR: 24.93 min (1R, 3S, 3aS, 

6aR)-exo-4j and 55.64 min (1S, 3R, 3aR, 6aS)-exo-4j. 1H NMR (300 MHz, CDCl3): δ 7.42 – 7.25 (m, 

3H), 4.36 – 4.17 (m, 2H), 3.70 (dd, J = 9.3, 5.5 Hz, 1H), 3.46 – 3.34 (m, 1H), 3.27 (s, 3H), 3.02 (s, 3H), 

3.01 (s, 3H). 13C NMR (75 MHz, CDCl3): δ 177.2, 176.1, 170.2, 140.2, 126.4, 126.4, 121.7, 63.6, 60.0, 

54.6, 53.4, 37.2, 36.4, 25.0. MS (EI+): 307.4 ([M+H], 100). HRMS (EI+): Calculated for C14H18N3O3S, 

307.0991; found, 307.0990. 

 
(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(2-(5-bromo)thienyl)-octahydropyrrolo[3,4-c]pyrrole-1- 

N,N-dimethylcarboxamide (exo-4k) 

Following the general procedure, the reaction of 2-[(2-(5-bromo)thienyl-2-

methylidene)amino]-N,N-dimethylacetamide (1k) (80.0 mg, 0.29 mmol) 

with N-methylmaleimide (2) (16.2 mg, 0.15 mmol), Cu(CH3CN)4PF6 (2.7 

mg, 7.27 10-3 mmol), (R)-DTBM-Segphos (3c) (9.4 mg, 8.0 10-3 mmol) and 

Et3N (4 µL, 0.029 mmol), in THF (2 mL) at room temperature for 120 h 

afforded, after purification by silica gel flash chromatography (hexane-EtOAc 1:1-1:5) the cycloadduct 

exo-4k (47.3 mg, 82%, pale brown solid). m.p.: 128.4-130.0ºC. [α]D
20:+90.0 (c=0.2, CH2Cl2), ≥ 99% ee. 

HPLC: Daicel Chiralpak IB, ethanol-hexane 20-80, flow rate 0.7 mL/min (λ = 210 nm), tR: 22.38 min 

(1R, 3S, 3aS, 6aR)-exo-4k and 30.27 min (1S, 3R, 3aR, 6aS)-exo-4k. 1H NMR (300 MHz, CDCl3): δ 7.12 

– 6.63 (m, 2H), 4.31 (s, 2H), 4.01 – 3.66 (m, 1H), 3.52 (dd, J = 9.1, 6.7 Hz, 1H), 3.23 (s, 3H), 2.99 (s, 3H), 

2.97 (s, 3H). 13C NMR (75 MHz, CDCl3): δ 177.3, 175.9, 169.5, 144.7, 129.9, 125.2, 111.9, 63.1, 60.7, 

54.6, 52.6, 37.2, 36.4, 25.1. MS (EI+): 385.3 ([M+H], 100). HRMS (EI+): Calculated for C14H16BrN3O3S, 

385.0096; found, 385.0112. 

 
(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(styryl)-octahydropyrrolo[3,4-c]pyrrole-1- N,N-

dimethylcarboxamide (exo-4l) 

Following the general procedure, the reaction of (E, E)-2-[3-phenylprop-2-

en-1-ylidene)amino]-N,N-dimethylacetamide (1l) (87.1 mg, 0.40 mmol) 

with N-methylmaleimide (2) (30.0 mg, 0.27 mmol), Cu(CH3CN)4PF6 (1.0 

mg, 2.70 10-3 mmol), (R)-DTBM-Segphos (3c) (3.5 mg, 2.97 10-3 mmol) 

and Et3N (8 µL, 0.031 mmol), in THF (3 mL) at room temperature for 62 h 

afforded, after purification by silica gel flash chromatography (hexane-EtOAc 1:1-1:5) the cycloadduct 

exo-4l (53.0 mg, 60%, yellow oil). [α]D
20:+38.6 (c=0.14, CH2Cl2), 98% ee. HPLC: Daicel Chiralpak IB, 

ethanol-hexane 20-80, flow rate 0.7 mL/min (λ = 250 nm), tR: 25.19 min (1R, 3S, 3aS, 6aR)-exo-4l and 

32.83 min (1S, 3R, 3aR, 6aS)-exo-4l. 1H NMR (300 MHz, CDCl3): δ 7.46 – 7.18 (m, 5H), 6.69 (d, J = 

15.6 Hz, 1H), 6.37 (dd, J = 15.9, 6.3 Hz, 1H), 4.29 (d, J = 4.7 Hz, 1H), 3.90 (t, J = 6.5 Hz, 1H), 3.70 (dd, 

J = 9.1, 4.6 Hz, 1H), 3.26 (s, 3H), 3.24-3.21 (m, 1H), 3.03 (s, 3H), 3.01 (s, 3H). 13C NMR (75 MHz, 

CDCl3): δ 177.5, 176.4, 170.7, 136.3, 132.3, 129.0, 128.6, 128.3, 127.9, 127.5, 126.6, 65.8, 60.4, 53.5, 

52.4, 37.2, 36.5, 25.0. MS (EI+): 327.4 ([M+H], 10). HRMS (FAB+): Calculated for C18H22N3O3, 

327.1583; found, 327.1590. 

 

N
H

N

O

N OO

SBr

N
H

N

O

N OO

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S12 
 

(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-phenyl-octahydropyrrolo[3,4-c]pyrrole-1-[N-methyl- N-(4-

fluorophenyl)]carboxamide (exo-4m) 

Following the general procedure, the reaction of 2-

benzylideneamino-N-methyl-N-(4-fluorophenyl)acetamide (1m) 

(50.0 mg, 0.19 mmol) with N-methylmaleimide (2) (13.7 mg, 0.12 

mmol), Cu(CH3CN)4PF6 (0.5 mg, 1.20 10-3 mmol), (R)-DTBM-

Segphos (3c) (1.6 mg, 1.36 10-3 mmol) and Et3N (4 µL, 0.031 

mmol), in THF (2 mL) at room temperature for 15 h afforded, after purification by silica gel flash 

chromatography (hexane-EtOAc 3:1-1:1) the cycloadduct exo-4m (38.0 mg, 83%, colorless solid). m.p.: 

67.5-68.8ºC. [α]D
20:-63.1 (c=0.26, CH2Cl2), ≥ 99% ee. HPLC: Daicel Chiralpak IB, iPrOH-hexane 20-80, 

flow rate 0.7 mL/min (λ = 210 nm), tR: 28.94 min (1R, 3S, 3aS, 6aR)-exo-4m and 48.78 min (1S, 3R, 3aR, 

6aS)-exo-4m. 1H NMR (300 MHz, CDCl3): δ 7.53 – 7.46 (m, 2H), 7.42 – 7.28 (m, 5H), 7.12 (dd, J = 9.0, 

8.0 Hz, 2H), 4.07 (d, J = 7.5 Hz, 1H), 3.94 – 3.78 (m, 2H), 3.45 (dd, J = 9.2, 7.6 Hz, 1H), 3.33 (s, 3H), 

2.90 (s, 3H). 19F NMR (282 MHz, CDCl3):-112.5. 13C NMR (75 MHz, CDCl3): δ 176.4, 176.3, 170.6, 

162.08 (d, J C-F= 248.8 Hz), 139.4, 138.6 (d, J C-F = 3.3 Hz), 129.6 (d, J C-F = 8.7 Hz), 128.7, 128.0, 126.7, 

116.81 (d, J C-F = 22.7 Hz), 66.8, 60.6, 54.8, 52.7, 38.4, 24.9. MS (ESI+): 382.4 ([M+H], 50). HRMS 

(ESI+): Calculated for C21H21FN3O3, 382.1561; found, 382.1576. 

 
(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-phenyl-octahydropyrrolo[3,4-c]pyrrole-1- (N-methyl, N-

methoxy)carboxamide (exo-4n) 

Following the general procedure, the reaction of 2-benzylideneamino- N-

methyl-N-methoxyacetamide (1n) (50.0 mg, 0.24 mmol) with N-

methylmaleimide (2) (18.0 mg, 0.16 mmol), Cu(CH3CN)4PF6 (0.6 mg, 1.62 

10-3 mmol), (R)-DTBM-Segphos (3c) (2.1 mg, 1.78 10-3 mmol) and Et3N (5 

µL, 0.032 mmol), in THF (2 mL) at room temperature for 17 h afforded, 

after purification by silica gel flash chromatography (hexane-EtOAc 1:1) the cycloadduct exo-4n (36.0 

mg, 71%, colorless solid). m.p.: 143.7-145.8ºC. [α]D
20:-21.4 (c=1.0, CH2Cl2), 98% ee. HPLC: Daicel 

Chiralpak AS-H, i-PrOH-hexane 20-80, flow rate 0.7 mL/min (λ = 210 nm), tR: 27.68 min (1S, 3R, 3aR, 

6aS)-exo-4n and 45.69 min (1R, 3S, 3aS, 6aR)-exo-4n. 1H NMR (300 MHz, CDCl3): δ 7.49 (d, J = 7.5 Hz, 

2H), 7.42 – 7.27 (m, 3H), 4.39 (d, J = 5.3 Hz, 1H), 4.32 (d, J = 7.2 Hz, 1H), 3.91 (dd, J = 9.2, 5.2 Hz, 1H), 

3.81 (s, 3H), 3.41 (dd, J = 9.2, 7.2 Hz, 1H), 3.25 (s, 3H), 3.02 (s, 3H), 2.92 (s, 1H). 
13C NMR (75 MHz, CDCl3): δ 177.2, 176.7, 170.9, 139.9, 128.7, 128.0, 126.7, 66.5, 61.8, 59.9, 53.6, 

50.6, 32.7, 25.0. MS (ESI+): 318.4 ([M+H], 100). HRMS (ESI+): Calculated for C16H19N3O4, 318.1448; 

found, 318.1440. 

 

(1R, 3S, 3aS, 6aR)-5-methyl-4,6-dioxo-3-(4-bromophenyl)-octahydropyrrolo[3,4-c]pyrrole-1-N-

methyl, N-methoxycarboxamide (exo-4o) 

Following the general procedure, the reaction of 2-(4-bromo-

benzylidene-amino) N-methyl-N-methoxyacetamide (1o) (84.2 mg, 0.30 

mmol) with N-methylmaleimide (2) (21.9 mg, 0.20 mmol), 
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Cu(CH3CN)4PF6 (0.7 mg, 1.97 10-3 mmol), (R)-DTBM-Segphos (3c) (2.6 mg, 2.17 10-3 mmol) and Et3N 

(6 µL, 0.039 mmol), in THF (2 mL) at room temperature for 18 h afforded, after purification by silica gel 

flash chromatography (hexane-EtOAc 1:1-1:2) the cycloadduct exo-4o (63.0 mg, 79%, colorless oil). 

[α]D
20:-7.5 (c=0.03, CH2Cl2), 96% ee. HPLC: Daicel Chiralpak IB, ethanol-hexane 20-80, flow rate 0.7 

mL/min (λ = 210 nm), tR: 39.90 min (1S, 3R, 3aR, 6aS)-exo-4o and 55.90 min (1R, 3S, 3aS, 6aR)-exo-4o. 

1H NMR (300 MHz, CDCl3): δ 7.45 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 8.5 Hz, 2H), 4.38 (d, J = 5.2 Hz, 

1H), 4.27 (d, J = 7.1 Hz, 1H), 3.91 (dd, J = 9.2, 5.2 Hz, 1H), 3.80 (s, 3H), 3.33 (dd, J = 9.3, 7.1 Hz, 1H), 

3.24 (s, 3H), 3.01 (s, 3H), 2.84 (bs, 1H). 13C NMR (75 MHz, CDCl3): δ 177.1, 176.6, 170.7, 139.2, 131.7, 

128.5, 121.7, 65.8, 61.8, 59.8, 53.5, 50.2, 32.6, 25.0. MS (ESI+): 396.1 ([M+H], 100). HRMS (ESI+): 

Calculated for C16H18N3O4Br, 396.0553; found, 396.0538.  

 

 (2R, 4S, 5R)- tert-Butyl-2-(dimethylcarbamoyl)-5-phenylpyrrolidine-4- carboxylate (exo-11a)  

Following the general procedure [using (R)-DTBM-Segphos (3c) (11 mol%) 

as ligand] the reaction of  2-benzylidene-amino-N,N-dimethylacetamide (1a) 

(50.0 mg, 0.26 mmol) with tert-butyl acrylate (5) (33 µL, 28.9 mg, 0.22 

mmol), Cu(CH3CN)4PF6 (8.2 mg, 0.022 mmol), (R)-DTBM-Segphos (3c) 

(28.5 mg, 0.024 mmol) and Et3N (6 µL, 0.04 mmol), in THF (2 mL) at room temperature for 48 h 

afforded, after purification by silica gel flash chromatography (hexane-EtOAc 1:1-1:4), the cycloadduct 

exo-11a (57.2 mg, 82%, orange oil). [α]D
20:+29.9 (c=0.2, CH2Cl2), 94% ee. HPLC: Daicel Chiralpak AD, 

i-PrOH-hexane 20-80, flow rate 0.7 mL/min (λ = 210 nm), tR:12.55 min (2R, 4S, 5R)-exo-11a and 16.43 

min (2S, 4R, 5S)-exo-11a. 1H NMR (300 MHz, CDCl3): δ 7.45 (d, J = 7.3 Hz, 2H), 7.36-7.26 (m, 3H), 

4.24-4.15 (m, 2H), 3.07 (s, 3H), 3.01 (s, 3H), 2.86-2.78 (m, 1H), 2.57-2.47 (m, 2H), 2.17-2.07 (m, 1H), 

1.33 (s, 9H). 13C NMR (75 MHz, CDCl3): δ 170.0, 169.9, 137.5, 125.5, 124.7, 124.0, 77.8, 65.1, 54.6, 

49.9, 33.4, 32.8, 32.4, 24.9. MS (ESI+): 388.1 ([M+H], 50). HRMS (ESI+): Calculated for C18H26N2O3, 

319.2021; found, 319.2013. 

 
(2R, 4S, 5R)- tert-Butyl-2-(methoxy(methyl)carbamoyl)-5-phenylpyrrolidine-4-carboxylate (exo-

11n)  

Following the general procedure [using (R)-DTBM-Segphos (3c) (5.5 

mol%) as ligand] the reaction of  2-benzylideneamino- N-methyl-N-

methoxyacetamide (1n) (80.0 mg, 0.39 mmol) with tert-butyl acrylate (5) 

(28.4 μL, 24.8 mg, 0.19 mmol), Cu(CH3CN)4PF6 (3.6 mg, 9.70 10-3 mmol), 

(R)-DTBM-Segphos (3c) (12.6 mg, 10.5 10-3 mmol) and Et3N (5 µL, 0.040 mmol), in THF (2 mL) at 

room temperature for 48 h afforded, after purification by silica gel flash chromatography (hexane-EtOAc 

1:1-1:2), the cycloadduct exo-11n (32.0 mg, 50%, yellow oil). [α]D
20:+39.7 (c=0.34, CH2Cl2), ≥ 99% ee. 

HPLC: Daicel Chiralpak AD, i-PrOH-hexane 5-95, flow rate 0.7 mL/min (λ = 210 nm), tR:32.40 min (2R, 

4S, 5R)-exo-11n and 49.89 min (2S, 4R, 5S)-exo-11n. 1H NMR (300 MHz, CDCl3): δ 7.54 – 7.43 (m, 2H), 

7.35 (d, J = 7.6 Hz, 3H), 4.30 (d, J = 8.8 Hz, 2H), 3.76 (s, 3H), 3.26 (s, 3H), 3.22 (s, 1H), 2.94 – 2.72 (m, 

1H), 2.67 – 2.45 (m, 1H), 2.25 (ddd, J = 13.4, 8.8, 5.3 Hz, 1H), 1.36 (s, 9H). 13C NMR (75 MHz, CDCl3): 

δ 174.4, 172.8, 140.7, 128.5, 127.7, 127.1, 80.7, 67.8, 61.4, 57.4, 52.7, 35.3, 32.6, 28.0. MS (ESI+): 335.4 

([M+H], 40). HRMS (ESI+): Calculated for C18H27N2O4, 335.1965; found, 335.1980. 
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(2R, 4S, 5R)-Methyl 2-(methoxy(methyl)carbamoyl)-5-phenylpyrrolidine-4-carboxylate (exo-12)  

Following the general procedure [using (R)-DTBM-Segphos (3c) (5.5 

mol%) as ligand] the reaction of 2-benzylideneamino-N-methyl-N-

methoxyacetamide (1n) (58.8 mg, 0.28 mmol) with methyl acrylate (6) (18 

μL, 17.2 mg, 0.19 mmol), Cu(CH3CN)4PF6 (3.6 mg, 9.70 10-3 mmol), (R)-

DTBM-Segphos (3c) (12.6 mg, 10.5 10-3 mmol) and Et3N (5 μL, 0.039 

mmol), in THF (2 mL) at room temperature for 48 h afforded, after purification by silica gel flash 

chromatography (hexane-AcOEt 1:1- 0:1) the cycloadduct exo-12 (33.5 mg, 60%, yellow oil). 

[α]D
20:+55.6 (c=0.39, CH2Cl2), 98% ee. HPLC: Daicel Chiralpak AD, i-PrOH-hexane 40-60, flow rate 

0.7 mL/min (λ = 210 nm), tR: 14.38 min (2R, 4S, 5R)-exo-12 and 22.11min (2S, 4R, 5S)-exo-12. 1H NMR 

(300 MHz, CDCl3): δ 7.52 – 7.41 (m, 2H), 7.40 – 7.25 (m, 3H), 4.37 (d, J = 9.0 Hz, 1H), 4.30 (dd, J = 8.6, 

5.5 Hz, 1H), 3.74 (s, 3H), 3.63 (s, 3H), 3.25 (s, 3H), 3.04 (bs, 1H), 2.94 (q, J = 9.0 Hz, 1H), 2.55 (dt, J = 

13.1, 9.0 Hz, 1H), 2.41 – 2.21 (m, 1H). 13C NMR (75 MHz, CDCl3): δ 174.0, 140.4, 128.6, 127.9, 126.97, 

67.4, 61.4, 57.4, 51.8, 51.5, 35.5. MS (ESI+): 293.3 ([M+H], 100). HRMS (ESI+): Calculated for 

C15H21N2O4, 293.1495; found, 293.1502. 

  

(2R, 4S, 5R)- 5-phenyl-4-(phenylsulfonyl)pyrrolidine-2- N,N-dimethylcarboxamide (exo-13a)  

Following the general procedure [using (R)-DTBM-Segphos (3c) (11 mol%) 

as ligand] the reaction of  2-benzylidene-amino-N,N-dimethylacetamide (1a) 

(84.7 mg, 0.45 mmol) with phenyl vinyl sulfone (7) (50 mg, 0.29 mmol), 

Cu(CH3CN)4PF6 (11.1 mg, 0.029 mmol), (R)-DTBM-Segphos (7) (38.6 mg, 

0.033 mmol) and Et3N (8 µL, 0.06 mmol), in THF (3 mL) at room temperature for 34 h afforded, after 

purification by silica gel flash chromatography (hexane-EtOAc 1:1-1:6), the cycloadduct exo-13a (89.0 

mg, 85%, colorless solid). m.p.: 165.3-166.7ºC. [α]D
20:-5.6 (c=0.49, CH2Cl2), ≥ 99% ee. HPLC: Daicel 

Chiralpak OJ, i-PrOH-hexane 30-70, flow rate 0.7 mL/min (λ = 210 nm), tR:45.56 min (2R, 4S, 5R)-exo-

13a and 57.91 min (2S, 4R, 5S)-exo-13a. 1H NMR (300 MHz, CDCl3): δ 7.79 – 7.66 (m, 2H), 7.59 – 7.31 

(m, 3H), 7.14 (m, 5H), 4.50 (d, J = 7.0 Hz, 1H), 4.24 (t, J = 7.7 Hz, 1H), 3.80 – 3.69 (m, 1H), 3.09 (s, 

3H), 2.99 (s, 3H), 2.87 – 2.69 (m, 1H), 2.57 (bs, 1H), 2.31 (d, J = 8.0 Hz, 1H). 13C NMR (75 MHz, 

CDCl3): δ 171.6, 139.8, 138.2, 133.7, 129.1, 128.7, 128.4, 128.0, 126.9, 70.4, 64.78, 57.6, 36.7, 35.9, 

32.9.MS (ESI+): 359.1 ([M+H], 100). HRMS (ESI+): Calculated for C19H23N2O5S, 359.1423; found, 

359.1426. 

 
(2R, 4S, 5R)-5-phenyl-4-(phenylsulfonyl)pyrrolidine-2-N-methoxy-N-methylcarboxamide (exo-13n)  

Following the general procedure [using (R)-DTBM-Segphos (3c) (5.5 

mol%) as ligand] the reaction of 2-benzylideneamino-N-methyl-N-

methoxyacetamide (1n) (110.2 mg, 0.54 mmol) with  phenyl vinyl sulfone 

(7)  (60.0 mg, 0.36 mmol), Cu(CH3CN)4PF6 (6.7 mg, 0.018 mmol), (R)-

DTBM-Segphos (3c) (23.1 mg, 0.020 mmol) and Et3N (10 µL, 0.071 mmol), in THF (3.5 mL) at room 

temperature for 40 h afforded, after purification by silica gel flash chromatography (hexane-EtOAc 1:1-

1:5), the cycloadduct exo-13n (128.1 mg, 95%, pale yellow solid). m.p.: 96.9-99.0ºC (After 
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recrystalization: 104.2-105.9ºC) [α]D
20:+4.6 (c=0.13, CH2Cl2) (After recrystalization:[α]D

20:+5.5 (c=0.2, 

CH2Cl2)), 90% ee (≥ 99% ee after recrystalization, i-PrOH). HPLC: Daicel Chiralpak AD, i-PrOH-

hexane 50-50, flow rate 0.7 mL/min (λ = 210 nm), tR:13.50 min (2R, 4S, 5R)-exo-13n and 20.34 min (2S, 

4R, 5S)-exo-13n. 1H NMR (300 MHz, CDCl3): δ 7.73 (dd, J = 8.3, 1.4 Hz, 2H), 7.51 (s, 1H), 7.38 (s, 2H), 

7.15 (s, 5H), 4.57 (d, J = 6.7 Hz, 1H), 4.30 (t, J = 7.8 Hz, 1H), 3.72 (s, 3H), 3.75 – 3.65 (m, 1H), 3.20 (s, 

3H), 3.12 (d, J = 7.4 Hz, 1H), 2.76 (ddd, J = 13.5, 7.7, 5.5 Hz, 1H), 2.32 (ddd, J = 13.9, 9.5, 8.0 Hz, 1H). 
13C NMR (75 MHz, CDCl3): δ 172.7, 140.2, 138.2, 133.7, 129.1, 128.6, 128.4, 127.9, 127.0, 70.2, 64.0, 

61.6, 57.3, 32.5, 32.1. MS (FAB+): 375.5 ([M+H], 50). HRMS (FAB+): Calculated for C19H23N2O4S, 

375.1373; found, 375.1364. 

 

(2R, 3R, 4S, 5R)-4-nitro-3,5-diphenylpyrrolidine-2-N,N-dimethylcarboxamide (exo-14a)  

Following the general procedure [using (R)-Segphos (3a) (5.5 mol%) as 

ligand] the reaction of 2-benzylidenamino-N,N-dimethylacetamide (1a) (50.0 

mg, 0.26 mmol) with trans-β-nitrostyrene (8) (32.7 mg, 0.22 mmol), 

Cu(CH3CN)4PF6 (8.2 mg, 0.022 mmol), (R)-Segphos (3a) (14.7 mg, 0.024 

mmol) and Et3N (6 μL, 0.044 mmol) in THF (2.5 mL), at room temperature for 25 h afforded, after 

purification by silica gel flash chromatography (hexane-AcOEt 2:1-1:1) the cycloadduct exo-14a (59.3 

mg, 80%, pale yellow solid) m.p.: 192.0-195.0ºC. [α]D
20:+98.0 (c=0.15, CH2Cl2), 91% ee. HPLC: Daicel 

Chiralpak , i-PrOH-hexane 20-80, flow rate 0.7 mL/min (λ = 210 nm), tR: 18.64 min (2S, 3S, 4R, 5S)-exo-

14a and 24.61 min (2R, 3R, 4S, 5R)-exo-14a. 1H NMR (300 MHz, CDCl3): δ 7.57 (d, J = 6.7 Hz, 2H), 

7.45 – 7.29 (m, 3H), 7.28 – 7.23 (m, 5H), 5.21 (dd, J = 19.3, 9.2 Hz, 1H), 4.66 (t, J = 8.7 Hz, 2H), 4.38 (t, 

J = 10.0 Hz, 1H), 2.60 (s, 3H), 2.39 (s, 3H). 13C NMR (75 MHz, CDCl3): δ 170.6, 136.9, 134.6, 129.2, 

128.7, 128.3, 127.1, 95.9, 68.2, 60.4, 55.5, 36.3, 35.7. MS (ESI+): 340.2 ([M+H], 100). HRMS (ESI+): 

Calculated for C19H22N3O3, 340.1661; found, 340.1665. 

 

(2R, 3R, 4S, 5R)-4-nitro-3,5-diphenylpyrrolidine-2-N-methoxy-N-methylcarboxamide (exo-14n)  

Following the general procedure [using (R)-Segphos (3a) (11 mol%) as 

ligand] the reaction of  2-benzylideneamino-N-methyl-N-

methoxyacetamide (1n) (50.0 mg, 0.24 mmol) with trans-β-nitrostyrene (8) 

(24.1 mg, 0.16 mmol), Cu(CH3CN)4PF6 (6.0 mg, 0.016 mmol), (R)-

Segphos (3a) (10.9 mg, 0.017 mmol) and Et3N (5 µL, 0.032 mmol), in THF (2 mL) at room temperature 

for 16 h afforded, after purification by silica gel flash chromatography (hexane-EtOAc 3:1-2:1), the 

cycloadduct exo-14n (49.5 mg, 87%, yellow solid). m.p.: 131.5-134.0ºC. [α]D
20:+37.1 (c=0.17, CH2Cl2), 

89% ee. HPLC: Daicel Chiralpak AD, i-PrOH-hexane 20-80, flow rate 0.7 mL/min (λ = 210 nm), 

tR:17.38 min (2S, 3S, 4R, 5S)-exo-14n and 19.68 min (2R, 3R, 4S, 5R)-exo-14n. 1H NMR (300 MHz, 

CDCl3): δ 7.49 (d, J = 7.1 Hz, 2H), 7.42 – 7.29 (m, 3H), 7.27 – 7.09 (m, 5H), 5.15 (t, J = 8.3 Hz, 1H), 

4.70 (s, 2H), 4.36 (t, J = 8.4 Hz, 1H), 3.52 (s, 3H), 3.11 (Bs, 1H), 2.64 (s, 3H).  13C NMR (75 MHz, 

CDCl3): δ 171.3, 137.1, 136.1, 129.1, 128.9, 128.4, 128.1, 126.8, 96.8, 68.0, 62.0, 61.2, 55.3, 32.1. MS 

(FAB+): 355.4 ([M+H], 30). HRMS (FAB+): Calculated for C19H22N3O4, 356.1610; found, 356.1618. 

 
(2R, 3S, 4S, 5S)-4-benzoyl-3,5-diphenylpyrrolidine-2-N,N-dimethylcarboxamide (exo-15)  
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Following the general procedure [using (R)-Segphos (3a) (11 mol%) as 

ligand] the reaction of 2-benzylidene-amino-N,N-dimethylacetamide (1a) 

(50.0 mg, 0.26 mmol) with trans-chalcone (9) (45.7 mg, 0.22 mmol), 

Cu(CH3CN)4PF6 (8.2 mg, 0.022 mmol), (R)-Segphos (3a) (14.7 mg, 0.024 

mmol) and Et3N (6 µL, 0.044 mmol), in THF (2 mL) at room temperature for 24 h afforded, after 

purification by silica gel flash chromatography (hexane-EtOAc 2:1-1:5), the cycloadduct exo-15 (50.5 mg, 

58%, yellow solid). m.p.: 170.5-172.9ºC. [α]D
20:+42.9 (c=1.1, CH2Cl2), 89% ee. HPLC: Daicel 

Chiralpak IB, ethanol-hexane 5-95, flow rate 0.7 mL/min (λ = 210 nm), tR:38.34 min (2R, 3S, 4S, 5S)-

exo-15 and 48.56 min (2S, 3R, 4R, 5R)-exo-15. 1H NMR (300 MHz, CDCl3): δ 7.53 (d, J = 7.2 Hz, 2H), 

7.41 (d, J = 7.4 Hz, 2H), 7.32-7.10 (m, 11H), 4.70 (bs, 1H), 4.54 (bs, 1H), 4.36-4.22 (m, 2H), 3.34 (bs, 

1H), 2.65 (s, 3H), 2.45 (s, 3H). 13C NMR (75 MHz, CDCl3): δ  200.7, 171.7, 139.0, 138.0, 137.4, 132.9, 

128.7, 128.4, 128.2, 128.1, 128.1, 128.0, 127.5, 127.0, 69.2, 62.2, 56.4, 36.2, 35.5, 29.7. MS (ESI+): 

399.2 ([M+H], 100). HRMS (ESI+): Calculated for C26H26N2O2, 399.2072.; found, 399.2066. 

 
(2R, 3S, 4S, 5S)-Dimethyl 2-[(4-fluorophenyl)(methyl)carbamoyl]-5-phenylpyrrolidine-3,4-

dicarboxylate (exo-16m)  

Following the general procedure [using (R)-Segphos (3a) (11 mol%) as 

ligand] the reaction of 2-benzylideneamino-N-methyl-N-(4-

fluorophenyl)acetamide (1m) (56.3 mg, 0.21 mmol) with dimethyl 

fumarate (10) (21.0 mg, 0.14 mmol), Cu(CH3CN)4PF6 (5.2 mg, 13.9 10-3 

mmol), (R)-Segphos (3a) (9.3 mg, 0.015 mmol) and Et3N (4 µL, 0.028 mmol), in THF (2 mL) at room 

temperature for 40 h afforded, after purification by silica gel flash chromatography (hexane-EtOAc 2:1-

1:1), the cycloadduct exo-16m (42.5 mg, 73%, pale brown oil). [α]D
20:-8.9 (c=0.3, CH2Cl2), 71% ee. 

HPLC: Daicel Chiralpak AD, i-PrOH-hexane 20-80, flow rate 0.7 mL/min (λ = 210 nm), tR:18.88 min 

(2S, 3R, 4R, 5R)-exo-16m and 26.77 min (2R, 3S, 4S, 5S)-exo-16m. 1H NMR (300 MHz, CDCl3): δ 7.48 

– 7.41 (m, 2H), 7.41 – 7.25 (m, 5H), 7.20 – 7.10 (m, 2H), 4.07 (d, J = 8.7 Hz, 1H), 3.97 (d, J = 8.4 Hz, 

1H), 3.75 (s, 3H), 3.66 (dd, J = 8.7, 6.3 Hz, 1H), 3.56 (s, 3H), 3.34 (dd, J = 8.3, 6.4 Hz, 1H), 3.26 (s, 3H), 

2.77 (bs, 1H). 19F NMR (282 MHz, CDCl3):-112.3. 13C NMR (75 MHz, CDCl3): δ 173.3, 171.8, 169.9, 

162.15 (d, J C-F= 249.0 Hz), 139.6, 138.9 (d, J C-F = 3.3 Hz), 129.2 (d, J C-F = 8.6 Hz), 128.7, 128.1, 127.2, 

116.9 (d, J C-F = 22.7 Hz), 67.7, 61.5, 54.6, 53.2, 52.6, 52.1, 37.7. MS (FAB+): 414.4 ([M+H], 80). 

HRMS (FAB+): Calculated for C22H24N2O5F, 415.1669; found, 415.1661. 

 

(2R, 3S, 4S, 5S)-Dimethyl 2-(dimethylcarbamoyl)-5-phenylpyrrolidine-3,4-dicarboxylate (exo-16a)  

Following the general procedure [using (R)-DM-Segphos (3b) (11 mol%) as 

ligand] the reaction of 2-benzylidenamino-N,N-dimethylacetamide (1a) 

(50.0 mg, 0.26 mmol) with dimethyl fumarate (10) (26.6 mg, 0.18 mmol), 

Cu(CH3CN)4PF6 (6.5 mg, 0.018 mmol), (R)-DM-Segphos (3b) (14.0 mg, 

0.019 mmol) and Et3N (5 μL, 0.035 mmol) in THF (2 mL) at room temperature for 48 h afforded, after 

purification by silica gel flash chromatography (hexane-AcOEt 1:1-1:2) the cycloadduct exo-16a (30 mg, 

50%, yellow oil) [α]D
20:-7.1 (c=0.1, CH2Cl2), 70% ee. HPLC: Daicel Chiralpak AS-H, i-PrOH-hexane 

20-80, flow rate 0.7 mL/min (λ = 210 nm), tR: 17.55 min (2R, 3S, 4S, 5S)-exo-16a and 47.4 min (2S, 3R, 
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4R, 5R)-exo-16a. 1H NMR (300 MHz, CDCl3): δ  7.50-7.47 (m, 2H), 7.35-7.28 (m, 3H), 4.42 (d, J = 8.0 

Hz, 1H), 4.27 (d, J = 8.4 Hz, 1H), 3.73-3.58 (m, 2H), 3.67 (s, 3H), 3.64 (s, 3H), 3.12 (s, 3H), 2.96 (s, 3H). 
13C NMR (75 MHz, CDCl3): 173.6, 171.8, 169.5, 139.6, 128.7, 128.1, 127.2, 67.9, 61.6, 55.1, 52.7, 52.4, 

52.2, 36.9, 35.8.  MS (ESI+): 335.1 ([M+H], 80). HRMS (ESI+): Calculated for C17H22N2O5, 335.1606; 

found,  335.1616. 

 
(2R, 3R, 4S, 5S)-Dimethyl 2-(dimethylcarbamoyl)-5-phenylpyrrolidine-

3,4-dicarboxylate (exo-17a)  

Following the general procedure [using (R)-DM-Segphos (3b) (11 mol%) as 

ligand] the reaction of  2-benzylideneamino-N,N-dimethylacetamide (1a) 

(50.0 mg, 0.26 mmol) with dimethyl maleate (11) (26.3 mg, 0.175 mmol), Cu(CH3CN)4PF6 (6.5 mg, 

0.018 mmol), (R)-DM-Segphos (3b) (14.0 mg, 0.019 mmol) and Et3N (5 µL, 0.035 mmol), in THF (2.5 

mL) at room temperature for 100 h afforded, after purification by silica gel flash chromatography 

(hexane-EtOAc 3:1-1:1), the cycloadduct exo-17a (41 mg, 70%, yellow oil). [α]D
20:+12.8 (c=3.0, 

CH2Cl2), 94% ee. HPLC: Daicel Chiralpak AS-H-H, i-PrOH-hexane 20-80, flow rate 0.7 mL/min (λ = 

210 nm), tR:16.63 min (2R, 3R, 4S, 5S)-exo-17a and 39.42 min (2S, 3S, 4R, 5R)-exo-17a. 1H NMR (300 

MHz, CDCl3): δ 7.53 – 7.43 (m, 2H), 7.42 – 7.26 (m, 3H), 4.58 (s, 2H), 3.76-3.67 (m, 1H), 3.74 (s, 3H), 

3.67 (s, 3H), 3.36 (t, J = 8.7 Hz, 1H), 3.20 (s, 3H), 3.05 (s, 3H), 2.57 (s, 1H). 13C NMR (75 MHz, 

CDCl3): δ 172.2, 172.0, 171.3, 140.4, 128.8, 128.0, 127.0, 66.2, 60.1, 54.6, 52.4, 52.1, 52.0, 37.1, 36.2. 

MS (ESI+): 335.4 ([M+H], 100). HRMS (ESI+): Calculated for C17H23N2O5, 335.1606; found, 335.1606. 

 
 
Preparation of racemic products for HPLC determinations 

The racemic pyrrolidines were prepared according to the general procedure, but using (±)-BINAP 

(pyrrolidines 4, 14, 16), PPh3 (pirrolidine 15), dppf (pirrolidines 11, 12, 13), and (±)-Segphos (pyrrolidine 

17) instead of (R)-DTBM-Segphos, (R)-DM-Segphos or (R)-Segphos as ligands.  

The samples for HPLC analysis were dissolved in methanol or isopropyl alcohol and used as quickly as 

possible to minimize the formation of decomposition products. 

 
 
(2R, 4S, 5R)-1-acetyl-5-phenyl-4-(phenylsulfonyl)pyrrolidine-2-N-methoxy-N-methylcarboxamide 

(18) 

To a solution of (2R, 4S, 5R)- 5-phenyl-4-(phenylsulfonyl)pyrrolidine-2- 

N-methoxy-N-methylcarboxamide (exo-13n) (205.6 mg, 0.55 mmol) in 

CH2Cl2 (5.0 mL), under nitrogen atmosphere, at 0 ºC, Et3N (0.15 mL, 

1.10 mmol) and acetyl chloride (48 μL, 0.66 mmol) were successively 

added. The reaction mixture was stirred for 10 h at room termperature 

and water was added, the aqueous layer was extracted with CH2Cl2 (2 x 20 mL) and the combined organic 

layers dried over MgSO4. The solvent was removed under reduced pressure to afford 18 (222 mg, 97%, 

colorless solid) which was used in the next step without further purification due to its inestability. 1H 

NMR (300 MHz, CDCl3): δ 8.12 – 7.79 (m, 2H), 7.80 – 7.50 (m, 5H), 7.46 – 7.09 (m, 3H), 5.45 (s, 1H), 
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4.98 (t, J = 8.8 Hz, 1H), 3.83 (s, 3H), 3.77 – 3.62 (m, 1H), 3.24 (s, 3H), 2.74 – 2.53 (m, 1H), 2.42 – 2.13 

(m, 1H), 1.83 (s, 3H). 

 

(1S, 5S, 6S, 7aR)-1-hydroxy-5-phenyl-6-(phenylsulfonyl)tetrahydro-1H-pyrrolizin-3(2H)-one (19) 

To a solution of (2R, 4S, 5R)-1-acetyl-N-methoxy-N-methyl-5-phenyl-4-

(phenylsulfonyl)pyrrolidine-2-carboxamide (18) (100.0 mg, 0.24 mmol) in 

THF (3.0 mL) lithium hexamethyldisilazide (360 μL, 1.0M solution in THF, 

0.36 mmol) was added. After 14 h the reaction was quenched with NH4Cl sat. 

solution (3.0 mL). The aqueous phase was extracted with CH2Cl2 (2 X 5 mL), 

the combined organic layers were dried over MgSO4 and concentrated under reduced pressure to provide 

the crude pyrrolizidine-1, 3-dione. The residue was diluted with ethanol (12 mL) and sodium borohydride 

(10.90 mg, 0.29 mmol) was added. After 15 h at room temperature the reaction mixture was quenched 

with 1M HCl (5 mL). The aqueous pahase was extracted with CH2Cl2 (2 x 10 mL) and the combined 

organic phases were washed with brine (10 ml), dried (MgSO4) and concentrated. The residue was 

purified by silica gel flash chromatography (CHCl3: MeOH 10:0-9:1) to afford 19 (51.5 mg, 60%, orange 

oil). [α]D
20:+24.3 (c=0.42, CH2Cl2) 

1H NMR (300 MHz, CDCl3): δ7.91 (d, J = 7.7 Hz, 2H), 7.75 (t, J = 

7.3 Hz, 1H), 7.68 – 7.56 (m, 2H), 7.26 – 7.16 (m, 3H), 6.72 (dd, J = 5.7, 2.9 Hz, 2H), 4.96 (s, 1H), 4.32 

(dt, J = 14.6, 7.3 Hz, 2H), 3.63 (dd, J = 9.1, 2.0 Hz, 1H), 3.39 (s, 1H), 2.72 (tp, J = 15.6, 8.3 Hz, 3H), 2.05 

(dt, J = 14.2, 9.4 Hz, 1H). 13C NMR (75 MHz, CDCl3): δ 168.2, 137.7, 137.1, 134.6, 129.7, 129.0, 128.9, 

128.3, 125.6, 75.8, 73.47, 68.8, 58.0, 45.4, 28.7. MS (FAB+): 358.4 ([M+H], 85). HRMS (FAB+): 

Calculated for C19H20NO4S, 358.1113; found, 358.1109 

 

(1S, 5S, 7aR)-1-hydroxy-5-phenyltetrahydro-1H-pyrrolizin-3(2H)-one (20) 

To a solution of (1S, 5R, 6S, 7aR)-1-hydroxy-5-phenyl-6-

(phenylsulfonyl)tetrahydro-1H-pyrrolizin-3(2H)-one (19) (48.0 mg, 0.13 

mmol) in THF: MeOH 1:2 (6 mL) under nitrogen atmosphere, at room 

temperature, 6% Na(Hg) (480 mg) and Na2HPO4 (229 mg, 1.61 mmol) were 

successively added. The reaction mixture was stirred for 3 h at room temperature. CH2Cl2 (30 mL) was 

added to the reaction mixture and the resulting suspension was filtered and washed with water (2 x 10 

mL). The aqueous pahase was extracted with CH2Cl2 (2 x 10 mL) and the combined organic phases were 

washed with brine (10 ml), dried (MgSO4) and concentrated. The residue was purified by silica gel flash 

chromatography (hexane-EtOAc-MeOH 1:1:0-0:9.5:0.5) to afford 20 (19.8 mg, 70%, colorless oil) 

[α]D
20:-13.6 (c=0.7, CH2Cl2). 

1H NMR (300 MHz, CDCl3): δ 7.38 – 7.27 (m, 2H), 7.25 – 7.19 (m, 1H), 

7.17 – 7.08 (m, 2H), 4.69 (d, J = 9.1 Hz, 1H), 4.45 (q, J = 8.3 Hz, 1H), 3.93 (ddd, J = 10.9, 7.4, 5.2 Hz, 

1H), 3.00 – 2.69 (m, 2H), 2.59 (ddd, J = 12.8, 8.7, 6.3 Hz, 1H), 2.45 – 2.24 (m, 1H), 2.06 (ddd, J = 18.2, 

12.3, 6.3 Hz, 2H), 1.88 – 1.63 (m, 1H). 13C NMR (75 MHz, CDCl3): δ 168.2, 141.0, 128.7, 128.6, 128.4, 

127.3, 126.0, 73.2, 70.3, 56.8, 45.9, 38.9, 27.0. MS (FAB+): 218.1 ([M+H], 100). HRMS (FAB+): 

Calculated for C13H16NO2, 218.1181; found, 218.1184.  
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Stereochemical assignment 

The absolute and relative configuration of exo-4c was unequivocally determinated by X-ray crystal 

structure analysis. The absolute and relative configuration of exo-13n was unequivocally determined by 

chemical correlation with the known pyrrolidine 2-carboxylate esters I. The relative exo configuration of 

the 2-amidopyrrolidine 14n was also established by chemical correlation with the known pyrrolidine 

carboxylate esters II. The configurations of the rest of pyrrolidine adducts have been assigned by 

chemical analogy. 

 

 
 

The stereochemistry at C-1 in pyrrolizinone 20 was stablished by the nOe between H1 and the ortho 

protons of phenyl ring at C-5. This result is in agreement with the reported stereoselectivity in the 

reduction of pyrrolizin-1,3-diones.6 

 

 
 
Chemical correlation: (2R, 4S, 5R)-(-)-Methyl-5-phenyl-4-(phenylsulfonyl)pyrrolidine-2-

carboxylate (I). 5a 

To a solution of exo-13n (20.1 mg, 0.054mmol; ≥99% ee) in methanol (0.3 

mL) at room temperature, H2SO4 (54 μL) was added and the resulting 

solution was refluxed for 4 h. The mixture was poured into a saturated 

aquous solution of NaHCO3 (5 mL) and extracted with diethyl ether (2 x 5 

mL). The organic layer was dried over MgSO4, filtered and concentrated 

under vacuum to afford, after purification by silica gel flash chromatography (hexane-EtOAc 1:1), the 

desired methyl ester (13.3 mg, 72%, colorless solid). [α]D
20: - 21.5 (c=0.3, CHCl3), ≥ 99% ee. Lit [α]D

20: - 

21 (c=0.5, CHCl3), 99% ee 1H NMR (300 MHz, CDCl3): δ 7.81 (dd, J = 8.4, 1.4 Hz, 2H), 7.64 – 7.41 (m, 

3H), 7.20 (s, 5H), 4.73 (d, J = 5.7 Hz, 1H), 4.18 (t, J = 7.8 Hz, 1H), 3.77 (s, 3H), 3.65 (dt, J = 9.9, 5.1 Hz, 

1H), 2.78 – 2.63 (m, 1H), 2.36 (dt, J = 14.0, 8.8 Hz, 1H). Lit 1H NMR (300 MHz, CDCl3): δ 7.85-7.77 

(m, 2H), 7.63-7.56 (m, 1H), 7.52-7.44 (m, 2H), 7.21 (bs, 5H), 4.73 (d, J = 5.4 Hz, 1H), 4.18 (t, J = 7.9 

N
H

PhO2S
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O
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Hz, 1H), 3.77 (s, 3H), 3.66 (m, 1H), 2.70 (ddd, J = 14.0, 7.5, 4.4 Hz, 1H), 2.56 (bs, 1H), 2.36 (dt, J = 

14.0, 8.9 Hz, 1H). 

 

(2R*, 3R*, 4S*, 5R*)-(±)-Methyl-4-nitro-3,5-diphenylpyrrolidine-2-carboxylate (II).5b,c 

Following the general procedure, the reaction of (±)-exo-14n (16.1 mg, 

0.045 mmol) with H2SO4 (45 μL) in methanol (0.23 mL) at room 

temperature for 40 h afforded, after purification by flash chromatography 

(hexane-EtOAc 1:1), the corresponding methyl ester (7.4 mg, 51%, 

colorless solid). 1H NMR (300 MHz, CDCl3): δ 7.61 – 7.50 (m, 2H), 7.48 – 7.20 (m, 8H), 5.22 (t, J = 8.1 

Hz, 1H), 4.77 (d, J = 8.0 Hz, 1H), 4.51 (d, J = 9.1 Hz, 1H), 4.43 – 4.35 (m, 1H), 3.30 (s, 3H), 2.75 (bs, 

1H). Lit 1H NMR (200 MHz, CDCl3): δ 7.56–7.52 (m, 2H), 7.45–7.18 (m, 8H), 5.19 (t, J = 8.0 Hz,1H), 

4.73 (d, J = 7.8 Hz, 1H), 4.48 (d, J = 9.1 Hz, 1H), 4.35(t, J = 7.8 Hz, 1H), 3.26 (s, 3H), 2.71 (bs, 1H). 
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X-Ray diffraction analysis of compound (+)-exo-4c. 
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HPLC charts. 
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Table 1, entry 7. 

(+)-exo-4a; ≥ 99% ee 
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Racemic exo-4b 

 

                 

 

 

 

Table 2, entry 1. 

(+)-exo-4b;  98% ee 
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Racemic exo-4c 

 

                  

  

 

 

 

Table 2, entry 2. 

(+)-exo-4c;  99% ee 
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Racemic exo-4d 

 

  

  
 

 

Table 2, entry 3. 

(+)-exo-4d;  ≥ 99% ee 
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Racemic exo-4e 

 

   
 

 

Table 2, entry 4. 

(+)-exo-4e;   96% ee 
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Racemic exo-4f 

 

    

    
 

 

 

Table 2, entry 5. 

(+)-exo-4f;   ≥ 99% ee 
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Racemic exo-4g 

 

  

  
 

 

 

Table 2, entry 6. 

(+)-exo-4g;   96% ee 
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Racemic exo-4h 

 

    
 

 

Table 2, entry 7. 

(+)-exo-4h;   98% ee 
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Racemic exo-4i 

 

 

 
 

 

 

Table 2, entry 8. 

(+)-exo-4i;   ≥ 99% ee 
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Racemic exo-4j 

 

 

  
 

 

 

Table 2, entry 9. 

(+)-exo-4j;   ≥ 99% ee 
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Racemic exo-4k 

 

               

  
 

 

 

Table 2, entry 10. 

(+)-exo-4k;   ≥ 99% ee 
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Racemic exo-4l 

 

  

 

 

Table 2, entry 11. 

(+)-exo-4l;   98% ee 
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Racemic exo-4m 

 

  
 

 

 

Table 2, entry 12. 

(-)-exo-4m;   ≥ 99% ee 
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Racemic exo-4n 

 

 

 

 

Table 2, entry 13. 

(-)-exo-4n;   98% ee 
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Racemic exo-4o 

 

  
 

 

 

Table 2, entry 14. 

(-)-exo-4o;   96% ee 
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Racemic exo-11a 

 

 

 

 

Table 3, entry 1. 

(+)-exo-11a;   94% ee 
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Racemic exo-11n 

 

 

   
 

 

 

Table 3, entry 2. 

(+)-exo-11n;   ≥ 99% ee 
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Racemic exo-12 

 

 

 
 

 

Table 3, entry 3. 

(+)-exo-12;   98% ee 
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Racemic exo-13a 

 

   

   
 

 

 

Table 3, entry 4. 

(-)-exo-13a;   ≥ 99% ee 
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Racemic exo-13n 

 

 

 

 

 

Table 3, entry 5. 

(+)-exo-13n;   90% ee 

 

 

After recrystalitation, ≥ 99% ee 
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Racemic exo-14a 

 

    
 

 

 

Table 3, entry 7. 

(+)-exo-14a;   91% ee 
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Racemic exo-14n 

 

  
 

 

 

Table 3, entry 8. 

(+)-exo-14n;   89% ee 
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Racemic exo-15 

 

 

 
 

 

 

Table 3, entry 10. 

(+)-exo-15;   89% ee 
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Racemic exo-16a 

 

 

  

       
 

 

Table 3, entry 13. 

(-)-exo-16a;   70% ee 
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Racemic exo-16m 

 

 

        
 

 

Table 3, entry 15. 

(-)-exo-16m;   71% ee 
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Racemic exo-17a 

 

 

   
 

 

 

Table 3, entry 18. 

(+)-exo-17a;   94% ee 
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NMR Spectra collection  
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0.00.5 1.0 1.5 2.0 2.53.03.54.04.55.05.56.06.5 7.0 7.5 8.08.5 9.0 9.5 10.0
f1 (ppm)

N
N

OS
crude 1j

Parámetro Valor

1 Solvent CDCl3

2 Temperature 300.0

3 Experiment 1D

4 Number of Scans 6

5 Receiver Gain 4

6 Relaxation Delay 1.0000

7 Pulse Width 10.4000

8 Acquisition Time 2.6543

9 Spectrometer Frequency 300.13

10 Spectral Width 6172.8

11 Lowest Frequency -1245.0

12 Nucleus 1H

13 Acquired Size 16384

14 Spectral Size 32768
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-6
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6
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F3C

exo-4b

19F NMR

Parámetro Valor

1 Solvent CDCl3

2 Temperature 300.0

3 Experiment 1D

4 Number of Scans 32

5 Receiver Gain 8200

6 Relaxation Delay 2.0000

7 Pulse Width 11.5000

8 Acquisition Time 0.9787

9 Spectrometer Frequency 282.47

10 Spectral Width 66964.3

11 Lowest Frequency -61731.8

12 Nucleus 19F

13 Acquired Size 65536

14 Spectral Size 131072
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MeO

exo-4e

Parámetro Valor

1 Solvent CDCl3

2 Temperature 300.0

3 Experiment 1D

4 Number of Scans 2091

5 Receiver Gain 2050

6 Relaxation Delay 2.0000

7 Pulse Width 8.1000

8 Acquisition Time 1.8176

9 Spectrometer Frequency 75.50

10 Spectral Width 18028.8

11 Lowest Frequency -1465.6

12 Nucleus 13C

13 Acquired Size 32768

14 Spectral Size 65536
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exo-4j

S

Parámetro Valor

1 Solvent CDCl3

2 Temperature 300.0

3 Experiment 1D

4 Number of Scans 103

5 Receiver Gain 1820

6 Relaxation Delay 2.0000

7 Pulse Width 8.1000

8 Acquisition Time 1.8176
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