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Experimental Section 

General: 
1H and 13C NMR spectra were recorded on a JEOL ECX-400 and ECX-600 

spectrometer in CDCl3 unless otherwise noted.  Tetramethylsilane (TMS) served as 

internal standard (δ = 0) for 1H NMR, and CDCl3 was used as internal standard (δ = 

77.0) for 13C NMR.  IR spectra were measured with JASCO FT/IR-610 
spectrometers.  High-performance liquid chromatography was carried out using 

following apparatuses; SHIMADZU LC-8A, LC-10ATvp, LC-20AB (liquid 

chromatograph), SHIMADZU SPD-10A (UV detector), SHIMADZU SPD-20A 
(UV/VIS detector), SHIMADZU SPD-M20A (diode array detector), and 

SHIMADZU C-R8A (Chromatopac).  High resolution mass spectrometry was 

carried out using BRUKER DALTONICS BioTOF II and JEOL JMS-700.  Column 
chromatography was conducted on Silica gel 60 (Merck), and preparative thin-layer 

chromatography was carried out using Wakogel B-5F.  Barium bis-tert-butoxide 

(Ba(OtBu)2) and Strontium bis-iso-propoxide (Sr(OiPr)2) were purchased from 

Kojyundo Kagaku Co., Ltd..  Calcium bis-iso-propoxide (Ca(OiPr)2) was perchased 

from Aldrich Co., Ltd..  Commercially available α,β-unsaturated carbonyl 

compounds were purchased from Tokyo Kasei Kogyo Co., Ltd. and purified by 

distillation, the others were synthesized according to literature methods.1  Starting α-

amino acid derivatives were synthesized according to literature methods.2,3  
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Molecular sieves (powder) were purchased from Aldrich Co., Ltd., and it was used 

after activation (200 °C, <1 mmHg, 16 h).  THF was purchased from Wako Junyaku 
Kogyo Co., Ltd. as a dry solvent, and purified in presence of benzophenone and 

sodium. 
 

Typical experimental procedure for catalytic asymmetric 1,4-addition reactions 
of glycine ester derivatives with α,β-unsaturated carbonyl compounds:  A 

typical experimental procedure is described for the reaction of methyl acrylate with 
glycine ester derivatives (1).  To a suspension of Ca(Oi-Pr)2 (0.030 mmol) in 

presence of MS 4A (100 mg) was added 2,2’-methylene bis((4S)-4-phenyl-2-

oxazoline) (0.030 mmol) in THF (0.5 mL) at room temperature, and the solution was 
stirred for 2 hours.  After cooling at –30 ºC, glycine ester derivatives (1, 0.36 mmol) 

in THF (0.5 mL) and α,β-unsaturated carbonyl compounds (0.30 mmol) in THF (0.5 

mL) were successively added.  After the mixture was stirred for 12 h, saturated 

aqueous NH4Cl (10 ml) was added to quench the reaction.  After addition of 

dichloromethane (CH2Cl2, 10 mL), the organic layer was separated and the aqueous 

layer was extracted three times with CH2Cl2 (15 mL x 3).  The organic layers were 

combined and dried over anhydrous Na2SO4.  After filtration and concentration 

under reduced pressure, the crude product was purified by preparative thin layer 

chromatography (hexane-ethyl acetate = 3:1) to afford the desired product.  The 
enentioselectivity was determined by HPLC analysis of the product (see the 

following analytical data).  

 
1,4-Addition Adducts 
(R)-1-tert-butyl 5-methyl 2-(diphenylmethyleneamino)pentanedioate (6a)4 

IR [cm–1] 3358, 2977, 2948, 1738, 1659, 1623, 1443, 

1368, 1278, 1259, 1149. 
1H NMR (CDCl3) δ 7.82-7.80 (m, 1H), 7.65-7.63 (m, 2H), 

7.50-7.43 (m, 3H), 7.34-7.31 (m, 2H), 7.18-7.17 (m, 2H), 

3.96 (dd, 1H, J = 7.2, 5.2 Hz), 3.59 (s, 3H), 2.39-2.36 (m, 

2H), 2.24-2.20 (m, 2H), 1.44 (s, 9H). 
13C NMR (CDCl3) δ 173.6, 170.7, 170.7, 130.3, 130.1, 128.8, 128.6, 128.4, 128.4, 

128.0, 127.8, 81.2, 64.8, 51.5, 30.5, 28.6, 28.0. 
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HPLC, Daicel Chiralcel OD-H, hexane/iPrOH = 40/1, flow rate = 0.25 mL/min, 

Detection wavelength = 254 nm: tR = 27.1 min (R), tR = 36.9 min (S); 

ESI-HRMS (m/z) calcd. for C10H20NO4 ((M-C13H7)+): 218.1387; found: 218.1386.5 

 

dimethyl 2-(diphenylmethyleneamino)pentanedioate (6b) 

IR [cm–1] 3361, 3060, 3026, 2952, 2845, 1968, 1905, 1741, 

1659, 1623, 1598, 1576, 1491, 1442, 1362, 1280, 1158, 1074, 

1030, 1004. 
1H NMR (CDCl3) δ 7.82-7.80 (m, 1H), 7.65-7.63 (m, 2H), 

7.46-7.43 (m, 3H), 7.35-7.32 (m, 2H), 7.19-7.17 (m, 2H), 4.13 (t, 1H, J = 6.2 Hz), 

3.71 (s, 3H), 3.58 (s, 3H), 2.38-2.35 (m, 2H), 2.26-2.23 (m, 2H). 
13C NMR (CDCl3) δ 173.4, 172.1, 171.2, 130.5, 130.1, 128.8, 128.7, 128.6, 128.3, 

128.1, 127.8, 64.1, 52.2, 51.5, 30.3, 28.6. 

HPLC, Daicel Chiralcel OD-H, hexane/iPrOH = 40/1, flow rate = 1.00 mL/min, 
Detection wavelength = 254 nm: tR = 12.3 min (major), tR = 15.0 min (minor). 

 ESI-HRMS (m/z) calcd. for C20H22NO4 ((M+H)+): 340.1543; found: 340.1542. 

 

(R)-1-tert-butyl 5-ethyl 2-(diphenylmethyleneamino)pentanedioate (6d)4 

IR [cm–1] 3367, 2979, 2931, 1734, 1659, 1599, 1449, 

1370, 1316, 1279, 1154, 1030. 
1H NMR (CDCl3) δ 7.82-7.16 (m, 10H), 4.04 (q, 2H, J = 

6.8 Hz), 3.96 (t, 1H, J = 6.0 Hz), 2.37-2.33 (m, 2H), 2.24-

2.21 (m, 2H), 1.42 (s, 9H), 1.19 (t, 3H, J = 6.8 Hz). 
13C NMR (CDCl3) δ 173.1, 170.7, 170.6, 132.4, 130.0, 128.8, 128.5, 128.4, 128.2, 

128.0, 127.7, 81.1, 64.8, 60.3, 30.7, 28.6, 28.0, 14.1. 

HPLC, Daicel Chiralcel OD-H, hexane/iPrOH = 40/1, flow rate = 0.25 mL/min, 
Detection wavelength = 254 nm: tR = 23.2 min (R), tR = 28.5 min (S); 

ESI-HRMS (m/z) calcd. for C11H22NO4 ((M-C13H7)+): 232.1543; found: 

232.1541.5 
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di-tert-butyl 2-(diphenylmethyleneamino))pentanedioate (6e) 

IR [cm–1] 2978, 1730, 1660, 1622, 1450, 1368, 1278, 
1254, 1152, 
1H NMR (CDCl3) δ 7.82-7.16 (m, 10H), 3.95 (t, 1H, J = 

6.4 Hz), 2.37-2.17 (m, 4H), 1.44 (s, 9H), 1.39 (s, 9H). 
13C NMR (CDCl3) δ 172.5, 170.9, 170.6, 132.4, 130.1, 

128.8, 128.5, 128.4, 128.3, 128.0, 127.8, 81.1, 80.2, 65.0, 32.0, 28.9, 28.0, 27.4. 

HPLC, Daicel Chiralcel OD-H, hexane/iPrOH = 40/1, flow rate = 0.25 mL/min, 
Detection wavelength = 254 nm: tR = 18.6 min (major), tR = 23.3 min (minor); 

ESI-HRMS (m/z) calcd. for C26H34NO4 ((M+H)+): 424.2482; found: 424.2478. 

 
 tert-butyl 2-(diphenylmethyleneamino)-5-(methoxy(methyl)amino) -5-

oxopentanoate (6f) 

IR [cm–1] 3253, 2979, 1737, 1661, 1449, 1365, 1315, 
1279, 1222, 1148. 
1H NMR (CDCl3) δ 7.58-7.57 (m, 2H), 7.36-7.35 (m, 3H), 

7.32-7.29 (m, 1H), 7.25-7.23 (m, 2H), 7.11-7.09 (m, 2H), 
3.93 (t, 1H, J = 5.5 Hz), 3.57 (s, 3H), 3.05 (s, 3H), 2.49-2.37 (m, 2H), 2.19-2.09 (m, 

2H) 1.36 (s, 9H). 
13C NMR (CDCl3) δ 174.0, 171.0, 170.3, 139.5, 136.5, 130.2, 128.8, 128.5, 128.4, 

127.9, 127.7, 81.0, 65.0, 61.1, 32.1, 28.5, 28.0, 27.9. 

HPLC: Daicel Chiralpak OD-H, hexane/iPrOH = 40/1, flow rate = 1.00 mL/min, 

Detection wavelength = 254 nm: tR = 12.8 min (major), tR = 37.7 min (minor). 

ESI-HRMS (m/z) calcd. for C11H23N2O4 ((M-C13H7)+): 247.1652; found: 247.1657. 5 

 
1-tert-butyl 5-methyl 2-(diphenylmethyleneamino)-4-methylpentanedioate (6g-

major):  

IR [cm–1] 3453, 2977, 1734, 1623, 1573, 1450, 1369, 

1155. 
1H NMR (CDCl3) δ 7.61-7.60 (m, 2H), 7.40-7.35 (m, 4H), 

7.31-7.29 (m, 2H), 7.16-7.14 (m, 2H), 3.93 (dd, 1H, J = 9.6, 4.1 Hz), 3.48 (s, 3H), 

2.60-2.54 (m, 1H), 2.31-2.26 (m, 1H), 2.02-1.98 (m, 1H), 1.42 (s, 9H), 1.14 (d, 3H, J 
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= 6.9 Hz). 
13C NMR (CDCl3) δ 176.6, 171.0, 170.7, 139.6, 136.4, 130.2, 128.8, 128.6, 128.2, 

128.0, 128.0, 81.1, 64.0, 51.4, 37.3, 36.2, 28.0, 18.4. 

HPLC: Daicel Chiralpak OD-H, hexane/iPrOH = 100/1, flow rate = 0.50 mL/min, 

Detection wavelength = 254 nm: tR = 13.6 min (major), tR = 15.5 min (minor). 

ESI-HRMS (m/z) calcd. for C11H22NO4 ((M-C13H7)+): 232.1543; found: 232.1552. 5 

 

1-tert-butyl 5-methyl 2-(diphenylmethyleneamino)-4-methylpentanedioate (6g-
minor):  

IR [cm–1] 3059, 2976, 2933, 2878, 1735, 1623, 1444, 

1369, 1286, 1154, 1079. 
1H NMR (CDCl3) δ 7.63-7.62 (m, 2H), 7.44-7.35 (m, 4H), 

7.31-7.29 (m, 2H), 7.20-7.18 (m, 2H), 3.92 (dd, 1H, J  = 9.6, 5.5 Hz), 3.50 (s, 3H), 

2.45-2.41 (m, 1H), 2.34-2.29 (m, 1H), 2.01-1.97 (m, 1H), 1.42 (s, 9H), 1.00 (d, 3H, J 
= 6.9 Hz). 
13C NMR (CDCl3) δ 176.7, 170.9, 170.6, 139.4, 136.4, 130.3, 128.8, 128.6, 128.4, 

128.0, 127.9, 81.2, 64.1, 51.5, 37.1, 36.6, 28.0, 17.0. 

HPLC: Daicel Chiralpak OD-H, hexane/iPrOH = 100/1, flow rate = 0.50 mL/min, 

Detection wavelength = 254 nm: tR = 15.3 min (major), tR = 27.2 min (minor). 

ESI-HRMS (m/z) calcd. for C11H22NO4 ((M-C13H7)+): 232.1543; found: 232.1534. 5 

 
1- tert-butyl 5-methyl 2-(diphenylmethyleneamino)-4-ethylpentanedioate(6h-

major):  

IR [cm–1] 2969, 2933, 1734, 1623, 1446, 1368, 1153. 
1H NMR (CDCl3) δ 7.55-7.54 (m, 2H), 7.34-7.29 (m, 4H), 

7.25-7.23 (m, 2H), 7.10-7.09 (m, 2H), 3.82 (dd, 1H, J = 
8.9, 3.4 Hz), 3.40 (s, 3H), 2.37-2.32 (m, 1H), 2.20-2.15 (m, 1H), 2.04-2.00 (m, 1H), 

1.56-1.42 (m, 2H), 1.36 (s, 9H), 0.81 (t, 3H, J = 7.6 Hz). 
13C NMR (CDCl3) δ 176.1, 171.0, 170.7, 139.6, 136.4, 130.2, 128.8, 128.5, 128.2, 

127.9, 127.9, 81.1, 64.0, 51.2, 43.4, 35.5, 28.0, 26.4, 11.7. 

HPLC: Daicel Chiralpak OD-H,  hexane/iPrOH = 200/1, flow rate = 0.30 mL/min, 

Detection wavelength = 254 nm: tR = 71.1 min (minor), tR = 77.2 min (major). 
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ESI-HRMS (m/z) calcd. for C12H24NO4 ((M-C13H7)+): 246.1700; found: 246.1703.5 

 
1-tert-butyl 5-methyl 2-(diphenylmethyleneamino)-4-ethylpentanedioate(6h-

minor):  

IR [cm–1] 2969, 2923, 1735, 1622, 1446, 1368, 1152. 
1H NMR (CDCl3) δ 7.62-7.60 (m, 2H), 7.45-7.41 (m, 

3H), 7.37-7.34 (m, 1H), 7.31-7.28 (m, 2H), 7.20-7.18 

(m, 2H), 3.90 (dd, 1H, J = 7.9, 5.8 Hz), 3.44 (s, 3H), 2.27-2.07 (m, 3H), 1.52-1.36 
(m, 11H), 0.81 (t, 3H, J = 7.2 Hz). 
13C NMR (CDCl3) δ 176.1, 170.8, 170.4, 139.4, 136.5, 130.3, 128.8, 128.5, 128.4, 

128.0, 127.9, 81.2, 64.7, 51.3, 44.3, 35.6, 28.0, 25.6, 11.6. 

HPLC: Daicel Chiralpak OD-H, hexane/iPrOH = 100/1, flow rate = 0.30 mL/min, 

Detection wavelength = 254 nm: tR = 26.9 min (major), tR = 47.7 min (minor). 

ESI-HRMS (m/z) calcd. for C12H24NO4 ((M-C13H7)+): 246.1700; found: 246.1698.5 

 
1-tert-butyl 5-methyl 2-(diphenylmethyleneamino)-4-phenylpentanedioate (6i-

major): 

IR [cm–1] 3341, 2978, 1735, 1660, 1623, 1443, 1368, 

1279, 1154. 
1H NMR (CDCl3) δ 7.54-7.53 (m, 2H), 7.38-7.30 (m, 4H), 

7.25-7.23 (m, 2H), 7.13-7.11 (m, 2H), 4.47 (dd, 1H, J = 7.9, 5.8 Hz), 4.03 (t, 1H, J = 

5.8 Hz), 3.54 (s, 3H), 2.65-2.60 (m, 1H), 2.46-2.42 (m, 1H), 1.36 (s, 9H). 
13C NMR (CDCl3) δ 171.5, 169.9, 169.7, 139.2, 136.0, 130.5, 128.8, 128.7, 128.4, 

128.0, 127.7, 81.7, 62.8, 54.0, 52.8, 38.4, 28.0. 

HPLC: Daicel Chiralpak AD-H, hexane/iPrOH = 100/1, flow rate = 1.00 mL/min, 

Detection wavelength = 254 nm: tR = 8.7 min (major), tR = 9.9 min (minor). 

ESI-HRMS (m/z) calcd. for C10H19ClNO4 ((M-C13H7)+): 252.0997; found: 

252.0996.5 
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1-tert-butyl 5-methyl 2-(diphenylmethyleneamino)-4-phenylpentanedioate (6j-
major (2,4-syn)): 

IR [cm–1] 3438, 2980, 2936, 1730, 1625, 1446, 1369, 1352, 

1292, 1237, 1214, 1156. 
1H NMR (CDCl3) δ 7.63-7.62 (m, 2H), 7.39-7.36 (m, 4H), 

7.32-7.30 (m, 2H), 7.26-7.19 (m, 5H), 7.13-7.11 (m, 2H), 3.94 (dd, 1H, J = 7.6, 4.8 

Hz), 3.76 (dd, 1H, J = 9.6, 4.8 Hz), 3.48 (s, 3H), 2.76-2.71 (m, 1H), 2.27-2.23 (m, 
1H), 1.42 (s, 9H). 
13C NMR (CDCl3) δ 173.7, 170.8, 170.7, 139.5, 139.3, 136.2, 130.2, 128.8, 128.6, 

128.5, 128.2, 127.9, 127.7, 127.7, 127.2, 81.2, 63.9, 51.8, 47.9, 37.2, 28.0. 

HPLC: Daicel Chiralpak AD-H, hexane/iPrOH = 200/1, flow rate = 1.00 mL/min, 

Detection wavelength = 254 nm: tR = 30.9 min (minor), tR = 33.1 min (major). 

ESI-HRMS (m/z) calcd. for C16H24NO4 ((M-C13H7)+): 294.1700; found: 294.1695.5 

A crystal suitable for X-ray diffraction analysis was prepared by recrystallization.  
CCDC-636081 contains the supplementary crystallographic data for this paper. 

These data can be obtained free of charge from 

www.ccdc.cam.ac.uk/conts/retrieving.html, from the Cambridge Crystallographic 
Data Centre, 12 Union Road, Cambridge CB21EZ, UK; fax: (+44)1223-336-033; or 

deposit@ccdc.cam.ac.uk. 
 

1-tert-butyl 4-(N-methoxy-N-methylcarbamoyl)-2-(diphenylmethylenamino) 
pentanoate (6k-major): 

IR [cm–1] 2974, 2934, 1730, 1660, 1450, 1153. 
1H NMR (CDCl3) δ 7.56 (m, 2H), 7.36-7.29 (m, 4H), 

7.27-7.23 (m, 2H), 7.12-7.10 (m, 2H), 3.89 (dd, 1H, J = 
7.6, 4.8 Hz), 3.57 (s, 3H), 3.09 (m, 1H), 3.02 (s, 3H), 

2.35-2.31 (m, 1H), 1.92-1.88 (m, 1H), 1.38 (s, 9H), 1.06 (d, 3H, J = 7.6 Hz). 
13C NMR (CDCl3) δ 177.1, 171.4, 170.3, 139.8, 136.5, 130.0, 128.7, 128.5, 128.2, 

127.8, 127.7, 80.8, 63.9, 61.2, 37.2, 31.9, 31.9, 27.9, 18.5. 

HPLC: Daicel Chiralpak IA, hexane/iPrOH = 40/1, flow rate = 0.50 mL/min, 
Detection wavelength = 254 nm: tR = 22.1 min (major), tR = 25.6 min (minor). 

ESI-HRMS (m/z) calcd. for C12H25N2O4 ((M-C13H7)+): 261.1809; found: 
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261.1810.5 

 
 

 
 

 

Azomethine Ylides 
(E)-methyl 2-(benzylideneamino)acetate 

B.p. 250 ºC (0.8 mmHg, bulb-to-bulb).  

IR [cm–1] 3366, 3061, 3030, 2951, 2882, 1963, 1741, 1646, 

1601, 1582, 1493, 1435, 1376, 1272, 1204, 1093, 1026. 
1H NMR (CDCl3) δ 8.30 (s, 1H), 7.80-7.77 (m, 2H), 7.48-7.40 (m, 3H), 4.42 (s, 2H), 

3.78 (s, 3H). 
13C NMR (CDCl3) δ 170.6, 165.5, 131.3, 135.5, 128.6, 128.5, 61.9, 52.2. 

ESI-HRMS (m/z) calcd. for C10H12NO2 ((M+H)+): 178.0863; found: 178.0869. 

 
(E)-ethyl 2-(benzylideneamino)acetate 

B.p. 250 ºC (0.8 mmHg, bulb-to-bulb).  

IR [cm–1] 3364, 3062, 3029, 2982, 2935, 1964, 1890, 
1740, 1646, 1601, 1582, 1492, 1451, 1374, 1337, 1268, 

1188, 1095, 1028.  
1H NMR (CDCl3) δ 8.30 (s, 1H), 7.80-7.77 (m, 2H), 7.44-7.42 (m, 3H), 4.40 (s, 2H), 

4.24 (q, 2H, J = 7.2 Hz), 1.31 (t, 3H, J = 7.2 Hz). 
13C NMR (CDCl3) δ 170.2, 165.4, 135.6, 131.2, 128.6, 128.5, 62.1, 61.1, 14.2. 

ESI-HRMS (m/z) calcd. for C11H14NO2 ((M+H)+): 192.1019; found: 192.1012. 

 

(E)-tert-butyl 2-(benzylideneamino)acetate 
B.p. 250 ºC (0.5 mmHg, bulb-to-bulb).  

IR [cm–1] 3289, 3062, 2977, 2932, 2876, 1963, 1739, 

1647, 1580, 1454, 1389, 1369, 1344, 1286, 1218, 1155, 
1053.  
1H NMR (CDCl3) δ 8.26 (s, 1H), 7.79-7.77 (m, 2H), 7.43-7.40 (m, 3H), 4.31 (s, 2H), 
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1.49 (s, 9H). 
13C NMR (CDCl3) δ 169.3, 165.1, 135.6, 131.0, 128.5, 128.4, 81.4, 62.6, 28.0. 

ESI-HRMS (m/z) calcd. for C13H18NO2 ((M+H)+): 220.1332; found: 220.1328. 

 
 
 
DL -(E)-methyl 2-(benzylideneamino)propanoate 

B.p. 240 ºC (0.8 mmHg, bulb-to-bulb).  

IR [cm–1] 3385, 3061, 3027, 1987, 1950, 1872, 1961, 1742, 

1643, 1579, 1493, 1450, 1383, 1341, 1268, 1205, 1175, 1126, 
1050.  
1H NMR (CDCl3) δ 8.31 (s, 1H), 7.79-7.77 (m, 2H), 7.45-7.39 (m, 3H), 4.16 (q, 1H, 

J = 6.8 Hz), 3.75 (s, 3H), 1.53 (d, 3H, J = 6.8 Hz). 
13C NMR (CDCl3) δ 173.0, 162.9, 135.7, 131.1, 128.5, 128.4, 68.0, 52.2, 19.5. 

ESI-HRMS (m/z) calcd. for C11H14NO2 ((M+H)+): 192.1019; found: 192.1011. 

 
DL -(E)-ethyl 2-(benzylideneamino)propanoate 

B.p. 250 ºC (0.7 mmHg, bulb-to-bulb).  

IR [cm–1] 3454, 3062, 3027, 2983, 2936, 2872, 2051, 

1964, 1893, 1821, 1738, 1644, 1579, 1450, 1382, 1335, 
1291, 1262, 1190, 1125, 1048, 1021.  
1H NMR (CDCl3) δ 8.32 (s, 1H), 7.79-7.77 (m, 2H), 7.44-7.39 (m, 3H), 4.24-4.17 

(m, 1H), 4.14 (q, 2H, J = 6.8 Hz), 1.53 (d, 3H, J = 6.9 Hz), 1.27 (t, 3H, J = 6.9 Hz). 
13C NMR (CDCl3) δ 172.5, 162.8, 135.8, 131.0, 128.6, 128.5, 68.0, 61.0, 19.4, 14.2. 

ESI-HRMS (m/z) calcd. for C12H16NO2 ((M+H)+): 206.1176; found: 206.1186. 

 
DL-(E)-benzyl 2-(benzylideneamino)propanoate 

B.p. 300 ºC (0.6 mmHg, bulb-to-bulb).  

IR [cm–1] 3450, 3062, 3031, 2983, 2936, 1873, 1960, 
1741, 1643, 1580, 1495, 1452, 1379, 1334, 1260, 

1178, 1123, 1046.  
1H NMR (CDCl3) δ 8.31 (s, 1H), 7.79-7.76 (m, 2H), 7.45-7.28 (m, 8H), 5.22-5.15 
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(m, 2H), 4.20 (q, 1H, J = 6.8 Hz), 1.54 (d, 3H, J = 6.8 Hz). 
13C NMR (CDCl3) δ 172.3, 162.9, 135.8, 135.7, 131.1, 128.6, 128.5, 128.4, 128.1, 

128.0, 67.8, 66.6, 19.3. 

ESI-HRMS (m/z) calcd. for C17H18NO2 ((M+H)+): 268.1332; found: 268.1333. 

 
 
[3+2] Cycloaddition Adducts 
2-tert-butyl 4-methyl 3-methyl-5,5-diphenylpyrrolidine-2,4-dicarboxylate (7a) 

IR [cm–1] 3650, 3368, 3305, 3059, 2975, 2932, 2877, 2360, 

1959, 1733, 1661, 1598, 1492, 1449, 1391, 1367, 1343, 1263, 
1158, 1080, 1030.  
1H NMR (CDCl3) δ 7.8-7.1 (m, 10H), 3.68 (d, 1H, J = 6.4 

Hz), 3.47 (br, 1H), 3.30 (m, 4H), 2.67 (ddq, 1H, J = 8.4, 6.8, 6.4 Hz), 1.51 (s, 9H), 

1.05 (d, 3H, J = 6.8 Hz). 
13C NMR (CDCl3) δ 173.5, 172.3, 146.4, 145.3, 132.4, 130.0, 128.3, 127.9, 126.9, 

126.5, 81.4, 74.6, 66.4, 62.7, 51.4, 44.8, 28.1, 18.2. 

HPLC, Daicel Chiralpak AD-H, hexane/iPrOH = 40/1, flow rate = 0.50 mL/min, 
Detection wavelength = 220 nm: tR = 12.6 min (minor), tR = 14.9 min (major).  

ESI-HRMS (m/z) calcd. for C24H30NO4 ((M+H)+): 396.2169; found: 396.2187. 

A crystal suitable for X-ray diffraction analysis was prepared by recrystallization.  
CCDC-636080 contains the supplementary crystallographic data for this paper. 

These data can be obtained free of charge from 

www.ccdc.cam.ac.uk/conts/retrieving.html, from the Cambridge Crystallographic 
Data Centre, 12 Union Road, Cambridge CB21EZ, UK; fax: (+44)1223-336-033; or 

deposit@ccdc.cam.ac.uk. 
 

 
2-tert-butyl 4-ethyl 3-methyl-5,5-diphenylpyrrolidine-2,4-dicarboxylate (7b) 

IR [cm–1] 3746, 3059, 2975, 2932, 1728, 1598, 1492, 
1450, 1369, 1342, 1244, 1156, 1033.  
1H NMR (CDCl3) δ 7.8-7.1 (m, 10H), 3.7-3.8 (m, 2H), 

3.67 (d, 1H, J = 5.8 Hz), 3.53 (br, 1H), 3.29 (d, 1H, J = 8.6 
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Hz), 2.65 (ddq, 1H, J = 8.6, 7.0, 5.8 Hz), 1.51 (s, 9H), 1.04 (d, 3H, J = 7.0 Hz), 0.88 

(t, 3H, J = 7.1 Hz). 
13C NMR (CDCl3) δ 173.1, 172.3, 146.4, 145.4, 132.4, 130.1, 128.3, 127.9, 126.9, 

126.5, 81.4, 74.7, 66.5, 62.9, 60.5, 45.2, 28.1, 18.5, 13.6. 

HPLC, Daicel Chiralpak AD-H, hexane/iPrOH = 19/1, flow rate = 0.50 mL/min, 
Detection wavelength = 220 nm: tR = 17.8 min (minor), tR = 21.6 min (major).  

ESI-HRMS (m/z) calcd. for C25H32NO4 ((M+H)+): 410.2325; found: 410.2334. 

 
tert-butyl 4-(dimethylcarbamoyl)-5,5-diphenylpyrrolidine-2-carboxylate (7c) 

IR [cm–1] 3445, 3270, 2978, 2932, 1732, 1627, 1491, 
1451, 1396, 1367, 1344, 1243, 1161, 1116. 
1H NMR (CDCl3) δ 7.58-7.57 (m, 2H), 7.27-7.06 (m, 8H), 

4.08 (d, 1H, J = 6.2 Hz), 4.00 (m, 1H), 3.53 (m, 1H), 2.77 
(s, 3H), 2.55 (s, 3H), 2.18 (dd, 1H, J = 12.7, 4.5 Hz), 2.12-2.08 (m, 1H), 1.43 (s, 9H). 
13C NMR (CDCl3) δ 173.7, 172.5, 145.0, 143.3, 128.4, 127.7, 126.9, 126.7, 126.7, 

126.3, 81.0, 76.4, 59.2, 47.0, 37.6, 35.4, 35.1, 28.1. 

HPLC, Daicel Chiralpak AD-H, hexane/iPrOH = 19/1, flow rate = 0.50 mL/min, 

Detection wavelength = 220 nm: tR = 12.7 min (major), tR = 19.9 min (minor).  

ESI-HRMS (m/z) calcd. for C24H31N2O3 ((M+H)+): 395.2329; found: 395.2338. 

 
tert-butyl 4-(morpholine-4-carbonyl)-5,5-diphenylpyrrolidine-2-carboxylate 

(7d) 

IR [cm–1] 3443, 2976, 2858, 1728, 1624, 1442, 1368, 

1344, 1233, 1160, 1117, 1066, 1017. 
1H NMR (CDCl3) δ 7.65-7.64 (m, 2H), 7.36-7.34 (m, 

2H), 7.27-7.17 (m, 6H), 4.10 (d, 1H, J = 6.9 Hz), 4.04 (brs, 1H), 3.61-3.23 (m, 8H), 

3.12-3.03 (m, 2H), 2.30 (dd, 1H, J = 12.7, 4.5 Hz), 1.52 (s, 9H). 
13C NMR (CDCl3) δ 172.5, 172.4, 144.7, 142.7, 128.4, 128.0, 127.1, 127.0, 126.9, 

126.6, 81.1, 76.2, 66.4, 66.0, 59.0, 46.6, 46.1, 41.6, 35.4, 28.1 

HPLC: Daicel Chiralpak AD-H, hexane/iPrOH = 9/1, flow rate = 0.50 mL/min, 
Detection wavelength = 220 nm: tR = 19.4 min (major), tR = 30.3 min (minor). 

ESI-HRMS (m/z) calcd. for C26H33N2O4 ((M+H)+): 437.2435; found: 437.2436. 
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tert-butyl 5,5-diphenyl-4-(piperidine-1-carbonyl)pyrrolidine-2-carboxylate (7e) 

IR [cm–1] 3271, 3064, 2973, 2933, 2859, 1735, 1619, 

1448, 1366, 1338, 1286, 1247, 1223, 1158, 1117, 1029, 
1009. 
1H NMR (CDCl3) δ 7.64-7.62 (m, 2H), 7.32-7.08 (m, 

8H), 4.14 (d, 1H, J = 6.9 Hz), 4.12 (brs, 1H), 3.61-3.57 
(m, 1H), 3.45-3.37 (m, 2H), 3.10-3.03 (m, 2H), 2.26-2.14 (m, 2H), 1.48 (s, 9H), 

1.40-1.21 (m, 6H). 
13C NMR (CDCl3) δ 172.4, 172.0, 145.1, 143.3, 128.3, 127.8, 126.8, 126.7, 126.5, 

126.5, 80.9, 76.2, 59.1, 46.8, 46.4, 42.3, 35.4, 28.1, 26.0, 25.0, 24.2. 

HPLC: Daicel Chiralpak OD-H, hexane/iPrOH = 100/1, flow rate = 0.30 mL/min, 

Detection wavelength = 220 nm: tR = 41.6 min (minor), tR = 47.7 min (major). 

ESI-HRMS (m/z) calcd. for C27H35N2O3 ((M+H)+): 435.2642; found: 435.2652. 

 
tert-butyl 4-(dicyclohexylcarbamoyl)-5,5-diphenylpyrrolidine-2-carboxylate (7f) 

IR [cm–1] 3441, 2928, 2853, 1735, 1631, 1443, 1367, 
1236, 1160. 
1H NMR (CDCl3) δ 7.58-7.57 (m, 2H), 7.37-7.34 (m, 

3H), 7.32-7.29 (m, 1H), 7.25-7.23 (m, 2H), 7.11-7.09 (m, 
2H), 4.05 (brs, 1H), 3.88 (m, 1H), 3.62-3.60 (m, 1H), 

3.47 (m, 1H), 2.64 (m, 1H), 2.36 (m, 1H), 2.10 (m, 3H), 
1.79-1.00 (m, 27H). 
13C NMR (CDCl3) δ 172.5, 172.5, 145.6, 144.0, 128.3, 127.8, 127.6, 126.6, 126.4, 

126.3, 80.9, 76.2, 59.3, 58.2, 56.1, 48.3, 36.0, 31.6, 30.6, 29.6, 28.0, 26.6, 26.5, 26.1, 
25.2, 25.1. 

HPLC: Daicel Chiralpak AD-H, hexane/iPrOH = 40/1, flow rate = 0.25 mL/min, 

Detection wavelength = 220 nm: tR = 18.9 min (major), tR = 37.9 min (minor). 

ESI-HRMS (m/z) calcd. for C34H47N2O3 ((M+H)+): 531.3581; found: 531.3599. 

 
di-tert-butyl 5-phenylpyrrolidine-2,4-dicarboxylate (7g) 

IR [cm–1] 3281, 2973, 2374, 1725, 1704, 1454, 1370, 1288, 
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1253, 1217, 1151, 1105.  
1H NMR (CDCl3) δ 7.36-7.21 (m, 5H), 4.46 (d, 1H, J = 8.0 Hz), 3.82 (t, 1H, J = 8.4 

Hz), 3.25 (dt, 1H, J = 8.0, 6.8 Hz), 2.46-2.38 (m, 1H), 2.17-2.26 (m, 1H), 1.52 (s, 

9H), 1.02 (s, 9H). 
13C NMR (CDCl3) δ 172.5, 171.9, 137.8, 128.1, 127.3, 127.2, 81.4, 80.5, 65.5, 60.7, 

50.4, 34.5, 28.1, 27.5. 

HPLC, Daicel Chiralpak ASx2, hexane/iPrOH = 40/1, flow rate = 0.50 mL/min, 

Detection wavelength = 220 nm: tR = 31.9 min (minor), tR = 36.9 min (major).  

ESI-HRMS (m/z) calcd. for C20H30NO4 ((M+H)+): 348.2169; found: 348.2183. 

 
 
 
2-tert-butyl 4-methyl 3-methyl-5-phenylpyrrolidine-2,4-dicarboxylate (7h) 

IR [cm–1] 3749, 3652, 3363, 3062, 2975, 2877, 2376, 2298, 
1734, 1602, 1496, 145, 1438, 1372, 1332, 1249, 1159, 1073, 

1023.  
1H NMR (CDCl3) δ 7.32-7.23 (m, 5H), 4.60 (d, 1H, J = 8.6 

Hz), 3.41 (d, 1H, J = 9.1 Hz), 3.24 (s, 3H), 3.01 (dd, 1H, J = 8.7, 8.6 Hz), 2.81 (br, 

1H), 2.61-2.65 (m, 1H), 1.54 (s, 9H), 1.22 (d, 3H, J = 6.7 Hz). 
13C NMR (CDCl3) δ 172.4, 172.2, 140.4, 128.2, 127.6, 126.9, 81.7, 67.9, 64.4, 58.2, 

51.2, 41.6, 28.1, 17.6. 

HPLC, Daicel Chiralpak AD-H, hexane/iPrOH = 19/1, flow rate = 0.50 mL/min, 

Detection wavelength =  220 nm: tR = 21.6 min (minor), tR = 24.9 min (major).  

ESI-HRMS (m/z) calcd. for C18H26NO4 ((M+H)+): 320.1856; found: 320.1847. 

 
di-tert-butyl 3-methyl-5-phenylpyrrolidine-2,4-dicarboxylate (7i) 

IR [cm–1] 3354, 3062, 2975, 2931, 2344, 1726, 1455, 1370, 
1331, 1250, 1152, 1033.  
1H NMR (CDCl3) δ 7.36-7.22 (m, 5H), 4.54 (d, 1H, J = 8.6 

Hz), 3.36 (d, 1H, J = 9.1 Hz), 2.91 (dd, 1H, J = 8.4, 8.4 Hz), 

2.57 (ddq, 1H, J = 9.1, 8.6, 6.9 Hz), 2.85 (br, 1H), 1.24 (d, 
3H, J = 6.9 Hz), 1.52 (s, 9H), 1.02 (s, 9H). 
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13C NMR (CDCl3) δ 172.4, 171.0, 142.0, 128.1, 127.5, 127.4, 81.5, 80.5, 68.0, 64.2,  

59.2, 42.8, 28.1, 27.5, 18.1. 

HPLC, Daicel Chiralpak AD-H, hexane/iPrOH = 19/1, flow rate = 0.50 mL/min, 

Detection wavelength =  220 nm: tR = 35.2 min (major), tR = 56.7 min (minor).  

ESI-HRMS (m/z) calcd. for C21H32NO4 ((M+H)+): 362.2325; found: 362.2337. 

 
4-tert-butyl 2-methyl 2-methyl-5-phenylpyrrolidine-2,4-dicarboxylate (7j) 

IR [cm–1] 3357, 2976, 2359, 1731, 1452, 1369, 1295, 1254, 

1213, 1148.  
1H NMR (CDCl3) δ 7.33-7.21 (m, 5H), 4.61 (d, 1H, J = 7.9 

Hz), 3.81 (s, 3H), 3.32 (ddd, 1H, J = 7.9, 7.8, 6.0 Hz), 3.18 

(br, 1H), 2.62 (dd, 1H, J = 14, 6.0 Hz), 2.27 (dd, 1H, J = 14, 7.8 Hz), 1.49 (s, 3H), 

1.01 (s, 9H). 
13C NMR (CDCl3) δ 176.4, 171.7, 139.5, 128.1, 127.3, 127.2, 80.5, 65.6, 64.4, 52.5, 

50.8, 40.9, 27.5, 27.1. 

HPLC, Daicel Chiralpak AD-H, hexane/iPrOH = 19/1, flow rate = 0.50 mL/min, 
Detection wavelength =  220 nm: tR = 14.6 min (major), tR = 17.3 min (minor).  

ESI-HRMS (m/z) calcd. for C18H26NO4 ((M+H)+): 320.1856; found: 320.1872. 

 
4-tert-butyl 2-ethyl 2-methyl-5-phenylpyrrolidine-2,4-dicarboxylate (7k) 

IR [cm–1] 3360, 3062, 2977, 2934, 1729, 1604, 1452, 1369, 

1295, 1254, 1214, 1147, 1024.  
1H NMR (CDCl3) δ 7.33-7.21 (m, 5H), 4.61 (d, 1H, J = 7.7 

Hz), 4.29-4.24 (m, 2H), 3.33 (ddd, 1H, J = 7.8, 7.7, 6.2 Hz), 

3.21 (br, 1H), 2.62 (dd, 1H, J = 14, 6.2 Hz), 2.07 (dd, 1H, J = 14, 7.8 Hz), 1.49 (s, 

3H), 1.32 (t, 3H, J = 7.1 Hz), 1.02 (s, 9H). 
13C NMR (CDCl3) δ 175.9, 171.7, 139.7, 128.1, 127.3, 127.3, 80.5, 65.5, 64.5, 61.3, 

50.8, 40.9, 27.5, 27.1, 14.2. 

HPLC, Daicel Chiralcel OD-H, hexane/iPrOH = 19/1, flow rate = 0.50 mL/min, 
Detection wavelength =  220 nm: tR = 13.4 min (minor), tR = 23.4 min (major).  

ESI-HRMS (m/z) calcd. for C19H28NO4 ((M+H)+): 334.2012; found: 334.2009. 
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2-benzyl 4-tert-butyl 2-methyl-5-phenylpyrrolidine-2,4-dicarboxylate (7l) 

IR [cm–1] 3358, 3062, 3031, 2975, 2934, 1953, 1728, 
1604, 1496, 1453, 1370, 1254, 1215, 1147, 1082, 1028, 

1000.  
1H NMR (CDCl3) δ 7.40-7.21 (m, 10H), 5.29-5.21 (m, 

2H), 4.61 (d, 1H, J = 7.7 Hz), 3.32 (ddd, 1H, J = 7.8, 

7.7, 6.0 Hz), 3.21 (br, 1H), 2.65 (dd, 1H. J = 14, 6.0 
Hz), 2.07 (dd, 1H, J = 14, 7.8 Hz), 1.51 (s, 3H), 1.00 (s, 9H). 
13C NMR (CDCl3) δ 175.8, 171.7, 139.6, 135.9, 128.6, 128.2, 128.1, 128.1, 127.3, 

127.2, 80.5, 66.9, 65.6, 64.5, 50.9, 40.8, 27.5, 27.3. 

HPLC, Daicel Chiralcel OD-H, hexane/iPrOH = 19/1, flow rate = 0.50 mL/min, 

Detection wavelength =  220 nm: tR = 19.4 min (minor), tR = 30.0 min (major).  

ESI-HRMS (m/z) calcd. for C24H30NO4 ((M+H)+): 396.2169; found: 396.2178. 
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