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Abstract

An efficient asymmetric organocatalyst was developed for the direct aldol reaction between ketones and aldehydes to afford β-hydroxy ketones in high stereoselectivity (anti/syn up to 92:8, ee up to >99%). The key of the success was the use of activated molecular sieves (4 Å MS), which acted as a water scavenger. The influence of additives such as water or different types of molecular sieves on the reactivity and stereoselectivity of the reaction was also studied.


Key words

asymmetric catalysis - aldol reaction - stereoselectivity - molecular sieves - aldehyde







References and Notes

	
[bookmark: RW22307ST-1][bookmark: RW22307ST-1A]1a 
             Mahrwald R. 
             
              Modern Aldol Reactions
              
            Vol. 1 and 2: 
            Wiley-VCH; 
            Weinheim: 
            2004. 
          




Google Scholar





	
[bookmark: RW22307ST-1][bookmark: RW22307ST-1B]1b 
             Berkessel A. 
             Gröger H. 
             
              Asymmetric Organocatalysis: From Biomimetic Concepts to Application in Asymmetric Synthesis
              
            Wiley-VCH; 
            Weinheim: 
            2005. 
          




Google Scholar





	
[bookmark: RW22307ST-2]For recent reviews, see:

	
[bookmark: RW22307ST-2][bookmark: RW22307ST-2A]2a 
             List B. 
            Chem. Commun. 
            2006, 
            819 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-2][bookmark: RW22307ST-2B]2b 
             Guillena G. 
             Ramon DJ. 
            Tetrahedron: Asymmetry 
            2006, 
            17: 
            1465 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-2][bookmark: RW22307ST-2C]2c 
             Marigo M. 
             Jørgensen KA. 
            Chem. Commun. 
            2006, 
            2001 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-2][bookmark: RW22307ST-2D]2d 
             Notz W. 
             Tanaka F. 
             Barbas CF. 
            Acc. Chem. Res. 
            2004, 
            37: 
            580 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-2][bookmark: RW22307ST-2E]2e 
             Dalko PI. 
             Moisan L. 
            Angew. Chem. Int. Ed. 
            2004, 
            43: 
            5138 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RW22307ST-3]3 
             List B. 
             Lerner RA. 
             Barbas CF. 
            J. Am. Chem. Soc. 
            2000, 
            122: 
            2395 
          






CrossrefGoogle Scholar





	[bookmark: RW22307ST-4]4 
             Sakthivel K. 
             Notz W. 
             Bui T. 
             Barbas CF. 
            J. Am. Chem. Soc. 
            2001, 
            123: 
            5260 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5]For some recent selected examples on aldol reaction catalyzed by l-proline and its derivatives, see:

	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5A]5a 
             Wang X.-J. 
             Zhao Y. 
             Liu J.-T. 
            Org. Lett. 
            2007, 
            9: 
            1343 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5B]5b 
             Gryko D. 
             Zimnicka M. 
             Lipiński R. 
            J. Org. Chem. 
            2007, 
            72: 
            964 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5C]5c 
             Rodríguez B. 
             Bruckmann A. 
             Bolm C. 
            Chem. Eur. J. 
            2007, 
            13: 
            4710 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5D]5d 
             Wang C. 
             Jiang Y. 
             Zhang X.-X. 
             Huang Y. 
             Li B.-G. 
             Zhang G.-L. 
            Tetrahedron Lett. 
            2007, 
            48: 
            4281 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5E]5e 
             Lei M. 
             Shi L. 
             Li G. 
             Shen S. 
             Fang W. 
             Ge Z. 
             Cheng T. 
             Li R. 
            Tetrahedron 
            2007, 
            63: 
            7892 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5F]5f 
             Revell JD. 
             Wennemers H. 
            Tetrahedron 
            2007, 
            63: 
            8420 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5G]5g 
             Raj M. 
             Maya V. 
             Ginotra SK. 
             Singh VK. 
            Org. Lett. 
            2006, 
            8: 
            4097 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5H]5h 
             Tang Z. 
             Cun L.-F. 
             Cui X. 
             Mi A.-Q. 
             Jiang Y.-Z. 
             Gong L.-Z. 
            Org. Lett. 
            2006, 
            8: 
            1263 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5I]5i 
             Chen J.-R. 
             Li X.-Y. 
             Xing X.-N. 
             Xiao W.-J. 
            J. Org. Chem. 
            2006, 
            71: 
            8198 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5J]5j 
             Suri JT. 
             Mitsumori S. 
             Albertshofer K. 
             Tanaka F. 
             Barbas CF. 
            J. Org. Chem. 
            2006, 
            71: 
            3822 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5K]5k 
             Rodríguez B. 
             Rantanen T. 
             Bolm C. 
            Angew. Chem. Int. Ed. 
            2006, 
            45: 
            6924 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5L]5l 
             Guillena G. 
             Hita MC. 
             Nájera C. 
            Tetrahedron: Asymmetry 
            2006, 
            17: 
            1027 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5M]5m 
             Jiang M. 
             Zhu S.-F. 
             Yang Y. 
             Gong L.-Z. 
             Zhou X.-G. 
             Zhou Q.-L. 
            Tetrahedron: Asymmetry 
            2006, 
            17: 
            384 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5N]5n 
             Fu Y.-Q. 
             Li Z.-C. 
             Ding L.-N. 
             Tao J.-C. 
             Zhang S.-H. 
             Tang M.-S. 
            Tetrahedron: Asymmetry 
            2006, 
            17: 
            3351 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-5][bookmark: RW22307ST-5O]5o 
             Tang Z. 
             Jiang F. 
             Yu L.-T. 
             Cui X. 
             Gong L.-Z. 
             Mi A.-Q. 
             Jiang Y.-Z. 
             Wu Y.-D. 
            J. Am. Chem. Soc. 
            2005, 
            127: 
            9285 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-6]Effect of molecular sieves on the stereoselectivity in some metal-catalyzed reactions, see:

	
[bookmark: RW22307ST-6][bookmark: RW22307ST-6A]6a 
             Gao Y. 
             Haneon RM. 
             Klunder JM. 
             Ko SY. 
             Masamune H. 
             Sharpless KB. 
            J. Am. Chem. Soc. 
            1987, 
            109: 
            6765 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-6][bookmark: RW22307ST-6B]6b 
             Narasaka K. 
             Iwaaawa N. 
             Inoue M. 
             Yamada T. 
             Nakashima M. 
             Sugimori J. 
            J. Am. Chem. Soc. 
            1989, 
            111: 
            5340 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-6][bookmark: RW22307ST-6C]6c 
             Mikami K. 
             Terada M. 
             Nakai T. 
            J. Am. Chem. Soc. 
            1990, 
            112: 
            3949 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-6][bookmark: RW22307ST-6D]6d 
             Gothelf KV. 
             Hazell RG. 
             Jørgensen KA. 
            J. Org. Chem. 
            1998, 
            63: 
            5483 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-6][bookmark: RW22307ST-6E]6e 
             Oi S. 
             Terada E. 
             Ohuchi K. 
             Kato T. 
             Tachibana Y. 
             Inoue Y. 
            J. Org. Chem. 
            1999, 
            64: 
            8660 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-6][bookmark: RW22307ST-6F]6f 
             Desimoni G. 
             Faita G. 
             Guala M. 
             Pratelli C. 
            J. Org. Chem. 
            2003, 
            68: 
            7862 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-8]For a very interesting discussion of enantioselective organocatalysis ‘in water’ or ‘in the presence of water’, see:

	
[bookmark: RW22307ST-8][bookmark: RW22307ST-8A]8a 
             Brogan AP. 
             Dickerson TJ. 
             Janda KD. 
            Angew. Chem. Int. Ed. 
            2006, 
            45: 
            8100 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-8][bookmark: RW22307ST-8B]8b 
             Hayashi Y. 
            Angew. Chem. Int. Ed. 
            2006, 
            45: 
            8103 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-8][bookmark: RW22307ST-8C]8c 
             Blackmond DG. 
             Armstrong A. 
             Coombe V. 
             Wells A. 
            Angew. Chem. Int. Ed. 
            2007, 
            46: 
            3798 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-8][bookmark: RW22307ST-8D]8d 
             Saito S. 
             Yamamoto H. 
            Acc. Chem. Res. 
            2004, 
            37: 
            570 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RW22307ST-9]For some recent selected examples of the aldol reactions in water or addition of water for increasing reaction rates and/or selectivities via asymmetric organocatalysis, see:

	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9A]9a 
             Hayashi Y. 
             Aratake S. 
             Itoh T. 
             Okano T. 
             Sumiya T. 
             Shoji M. 
            Chem. Commun. 
            2007, 
            957 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9B]9b 
             Utsumi N. 
             Imai M. 
             Tanaka F. 
             Ramasastry SSV. 
             Barbas CF. 
            Org. Lett. 
            2007, 
            9: 
            3445 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9C]9c 
             Chen X.-H. 
             Luo S.-W. 
             Tang Z. 
             Cun L.-F. 
             Mi A.-Q. 
             Jiang Y.-Z. 
             Gong L.-Z. 
            Chem. Eur. J. 
            2007, 
            13: 
            689 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9D]9d 
             Maya V. 
             Raj M. 
             Singh VK. 
            Org. Lett. 
            2007, 
            9: 
            2593 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9E]9e 
             Guizzetti S. 
             Benaglia M. 
             Raimondi L. 
             Celentano G. 
            Org. Lett. 
            2007, 
            9: 
            1247 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9F]9f 
             Hayashi Y. 
             Sumiya T. 
             Takahashi J. 
             Gotoh H. 
             Urushima T. 
             Shoji M. 
            Angew. Chem. Int. Ed. 
            2006, 
            45: 
            958 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9G]9g 
             Hayashi Y. 
             Aratake S. 
             Okano T. 
             Takahashi J. 
             Sumiya T. 
             Shoji M. 
            Angew. Chem. Int. Ed. 
            2006, 
            45: 
            5527 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9H]9h 
             Mase N. 
             Nakai Y. 
             Ohara N. 
             Yoda H. 
             Takabe K. 
             Tanaka F. 
             Barbas CF. 
            J. Am. Chem. Soc. 
            2006, 
            128: 
            734 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9I]9i 
             Wu Y. 
             Zhang Y. 
             Yu M. 
             Zhao G. 
             Wang S. 
            Org. Lett. 
            2006, 
            8: 
            4417 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9J]9j 
             Jiang Z. 
             Liang Z. 
             Wu X. 
             Lu Y. 
            Chem. Commun. 
            2006, 
            2801 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9K]9k 
             Chimni SS. 
             Mahajan D. 
            Tetrahedron: Asymmetry 
            2006, 
            17: 
            2108 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9L]9l 
             Guillena G. 
             Hita MDC. 
             Nájera C. 
            Tetrahedron: Asymmetry 
            2006, 
            17: 
            1493 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9M]9m 
             Pihko PM. 
             Laurikainen KM. 
             Usano A. 
             Nyberg AI. 
             Kaavi JA. 
            Tetrahedron 
            2006, 
            62: 
            317 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9N]9n 
             Font D. 
             Jimeno C. 
             Pericas MA. 
            Org. Lett. 
            2006, 
            8: 
            4653 
          






CrossrefGoogle Scholar





	
[bookmark: RW22307ST-9][bookmark: RW22307ST-9O]9o 
             Torii H. 
             Nakadai M. 
             Ishihara K. 
             Saito S. 
             Yamamoto H. 
            Angew. Chem. Int. Ed. 
            2004, 
            43: 
            1983 
          






CrossrefGoogle Scholar





	[bookmark: RW22307ST-10]10 
             Bassan A. 
             Zou W. 
             Reyes E. 
             Himo F. 
             Córdova A. 
            Angew. Chem. Int. Ed. 
            2005, 
            44: 
            7028 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RW22307ST-11]11 
             Maya V. 
             Singh VK. 
            Org. Lett. 
            2007, 
            9: 
            1117 
          






CrossrefGoogle Scholar






[bookmark: RW22307ST-7]7  Screening of the other solvents for the model aldol reaction: toluene (yield >99%, anti/syn = 82:18, anti = 82% ee), DMSO (yield 98%, anti/syn = 74:26, anti = 77% ee), CHCl3 (yield 96%, anti/syn = 75:25, anti = 67% ee), neat (yield >99%, anti/syn = 70:30, anti = 74% ee).
[bookmark: RW22307ST-12]12  
            
Typical Procedure for the Preparation of Organocatalyst
            To a stirred solution of the corresponding N-(benzyl-oxycarbonyl)proline (2.5 mmol) and Et3N (0.9 mL, 6.8 mmol) in anhyd CH2Cl2 (10 mL) and under an argon atmosphere, were added bis(2-oxo-3-oxazolidinyl)phosphinic chloride (BOPCl, 0.63 g, 2.6 mmol) at 0 °C. After 30 min of stirring, the corresponding chiral amine (2.5 mmol) was added, and the mixture was further stirred for 24 h. It was diluted with 10 mL of CH2Cl2 and washed once with HCl (1 N), H2O, and brine. Then, it was dried over MgSO4, and the solvent was removed under reduced pressure to afford a residue. The resulting residue was dissolved in EtOAc (10 mL) and Pd/C (10 wt%) was added. The mixture was stirred at r.t. under hydrogen atmosphere (1 atm) overnight. Then, the mixture was filtered through Celite and the solvent evaporated under reduced pressure to afford the title compounds, which were purified over silica gel flash column chromatography [Et3N-EtOAc-PE, 1:20:100 (vol.)].
Compound 3a:11 yield 97%, mp 146-147 °C; [α]D
            20 -162.5 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3): δ = 1.82-1.89 (m, 1 H, pyrrolidine-H), 1.95-2.02 (m, 2 H, pyrrolidine-H), 2.50-2.57 (m, 1 H, pyrrolidine-H), 3.03-3.07 (m, 1 H, pyrrolidine-H), 3.16 (br, 1 H, NH), 3.27-3.32 (m, 1 H, pyrrolidine-H), 3.56 (d, J = 13.5 Hz, 1 H, NCH), 3.97 (d, J = 12.5 Hz, 1 H, NCH), 4.19-4.22 (m, 1 H, pyrrolidine-H), 4.65 (d, J = 13.0 Hz, 1 H, NCH), 5.46 (d, J = 13.0 Hz, 1 H, NCH), 7.28-7.33 (m, 2 H, binaphthyl-H), 7.43 (d, J = 9.0 Hz, 1 H, binaphthyl-H), 7.49-7.54 (m, 4 H, binaphthyl-H), 7.62 (d, J = 8.5 Hz, 1 H, binaphthyl-H), 7.93-8.00 (m, 4 H, binaphthyl-H). 13C NMR (125 MHz, DMSO): δ = 171.6, 135.2, 135.0, 133.6, 133.0, 132.9, 131.4, 131.3, 130.6, 129.9, 129.1, 128.9, 128.5, 128.3, 127.8, 127.5, 127.3, 127.2, 126.6, 126.3, 126.2, 59.1, 48.9, 47.9, 47.5, 30.9, 26.6. IR (KBr): ν = 2927, 1641, 1508, 1453, 1398, 1249, 1211, 821, 752 cm-1. ESI-MS: m/z = 393.5 [M+ + 1]. ESI-HRMS: m/z calcd for [C27H24N2O + H]: 393.1961; found: 393.1960.
Compound 3b:11 yield 94%, mp 127-129 °C; [a]D
            20 +20.3 (c 1.0, CH2Cl2). 1H NMR (500 MHz, CDCl3): δ = 1.84-1.88 (m, 1 H, pyrrolidine-H), 1.96-2.02 (m, 2 H, pyrrolidine-H), 2.51-2.55 (m, 1 H, pyrrolidine-H), 3.00-3.07 (m, 1 H, pyrrolidine-H), 3.10 (br, 1 H, NH), 3.27-3.32 (m, 1 H, pyrrolidine-H), 3.56 (d, J = 13.5 Hz, 1 H, NCH), 3.96 (d, J = 12.5 Hz, 1 H, NCH), 4.19-4.22 (m, 1 H, pyrrolidine-H), 4.65 (d, J = 13.0 Hz, 1 H, NCH), 5.46 (d, J = 13.0 Hz, 1 H, NCH), 7.27-7.33 (m, 2 H, binaphthyl-H), 7.42 (d, J = 9.0 Hz, 1 H, binaphthyl-H), 7.47-7.54 (m, 4 H, binaphthyl-H), 7.61 (d, J = 8.5 Hz, 1 H, binaphthyl-H), 7.95-8.00 (m, 4 H, binaphthyl-H). 13C NMR (125 MHz, CDCl3): δ = 170.8, 135.9, 135.1, 133.7, 133.6, 132.4, 131.7, 131.5, 131.4, 129.8, 129.6, 128.6, 128.5, 127.9, 127.7, 127.4, 126.7, 126.6, 126.5, 126.4, 126.2, 58.5, 48.8, 47.6, 47.0, 31.6, 26.3. IR (KBr): n = 3049, 2924, 1639, 1456, 1406, 1211, 1024, 819, 752 cm-1. ESI-MS: m/z = 393.5 [M+ + 1]. ESI-HRMS: m/z calcd for [C27H24N2O + H]: 393.1961; found: 393.1965.
Compound 3c: yield 81%, mp 123-125 °C; [α]D
            20 +52.0 (c 1.0, CH2Cl2). 1H NMR (500 MHz, CDCl3): δ = 1.92 (br, 1 H, NH), 1.95-2.00 (m, 1 H, pyrrolidine-H), 2.82-2.87 (m, 1 H, pyrrolidine-H), 3.28-3.36 (m, 2 H, pyrrolidine-H), 3.48 (d, J = 13.5 Hz, 1 H, NCH), 3.92 (d, J = 13.0 Hz, 1 H, NCH), 4.54-4.71 (m, 3 H, NCH, 2 × pyrrolidine-H), 5.35 (d, J = 13.0 Hz, 1 H, NCH), 6.89 (br, 1 H, OH), 7.20-7.28 (m, 2 H, binaphthyl-H), 7.34 (d, J = 8.5 Hz, 1 H, binaphthyl-H), 7.40-7.48 (m, 3 H, binaphthyl-H), 7.53-7.59 (m, 2 H, binaphthyl-H), 7.86-7.94 (m, 4 H, binaphthyl-H). 13C NMR (125 MHz, CDCl3): δ = 169.3, 135.6, 135.3, 133.7, 133.6, 131.9, 131.6, 131.5, 131.4, 129.8, 129.7, 128.6, 127.8, 127.6, 127.4, 126.7, 126.5, 126.4, 126.2, 57.6, 54.9, 48.8, 47.1, 46.0, 40.4. IR (KBr): n = 3227, 2944, 1640, 1445, 1335, 1250, 1076, 820, 753 cm-1. ESI-MS: m/z 409.2 [M+ + 1]. ESI-HRMS: m/z calcd for [C27H24N2O2 + H]: 409.1911; found: 409.1907.
Compound 3d: yield 82%, mp 212-215 °C; [α]D
            20 -119.4 (c 1.0, DMSO). 1H NMR (500 MHz, DMSO): δ = 1.86-1.92 (m, 1 H, pyrrolidine-H), 2.47-2.51 (m, 1 H, pyrrolidine-H), 3.32-3.35 (m, 1 H, pyrrolidine-H), 3.37-3.41 (m, 1 H, pyrrolidine-H), 3.62 (d, J = 14.0 Hz, 1 H, NCH), 3.93 (d, J = 13.0 Hz, 1 H, NCH), 4.57 (t, 1 H, J = 4.0 Hz, pyrrolidine-CHNH), 4.81 (d, J = 13.0 Hz, 1 H, NCH), 5.11-5.15 (m, 1 H, pyrrolidine-CHOH), 5.36 (d, J = 13.5 Hz, 1 H, NCH), 7.27-7.30 (m, 2 H, binaphthyl-H), 7.37-7.40 (m, 2 H, binaphthyl-H), 7.49-7.52 (m, 2 H, binaphthyl-H), 7.58 (d, J = 8.5 Hz, 1 H, binaphthyl-H), 7.76 (d, J = 8.0 Hz, 1 H, binaphthyl-H), 7.97-8.07 (m, 4 H, binaphthyl-H). 13C NMR (125 MHz, DMSO): δ = 168.5, 134.5, 134.4, 133.0, 132.9, 132.0, 131.9, 130.7, 130.6, 129.4, 129.3, 128.5, 127.7, 127.0, 126.6, 126.5, 126.4, 126.2, 126.1, 70.3, 57.0, 54.2, 47.9, 46.1, 45.2. IR (KBr): n = 3300, 2845, 1652, 1459, 1372, 1212, 1085, 814, 753 cm-1. ESI-MS: m/z = 409.2 [M+ + 1]. ESI-HRMS: m/z calcd for [C27H24N2O2 + H]: 409.1911; found: 409.1909.
Compound 3e: yield 51%, mp 84-86 °C. 1H NMR (500 MHz, CDCl3): d = 0.03 (s, 3 H, SiCH3), 0.05 (s, 3 H, SiCH3), 0.88 [s, 9 H, SiC(CH3)3], 2.04 (br, 1 H, NH), 2.95-3.00 (m, 1 H, pyrrolidine-H), 3.35-3.38 (m, 1 H, pyrrolidine-H), 3.57 (d, J = 13.5 Hz, 1 H, NCH), 3.90 (d, J = 13.0 Hz, 1 H, NCH), 4.41-4.44 (m, 1 H, pyrrolidine-H), 4.69 (t, J = 8.0 Hz, 1 H, pyrrolidine-H), 4.80 (d, J = 13.0 Hz, 1 H, NCH), 5.39-5.45 (m, 3 H, NCH, 2 × pyrrolidine-H), 7.27-7.31 (m, 2 H, binaphthyl-H), 7.43-7.51 (m, 4 H, binaphthyl-H), 7.59 (d, J = 8.0 Hz, 1 H, binaphthyl-H), 7.69 (d, J = 8.5 Hz, 1 H, binaphthyl-H), 7.95-8.01 (m, 4 H, binaphthyl-H). 13C NMR (125 MHz, CDCl3): d = 170.6, 135.4, 133.7, 133.6, 132.7, 131.9, 131.6, 131.5, 129.7, 129.6, 128.6, 128.5, 127.8, 127.7, 127.6, 127.4, 126.5, 126.4, 126.3, 126.2, 73.0, 57.5, 54.9, 48.9, 47.2, 40.1, 26.0, 18.2, -4.6, -4.5. IR (KBr): n = 2927, 1639, 1460, 1393, 1252, 1097, 827, 775 cm-1. ESI-MS: m/z = 523.6 [M+ - 1]. ESI-HRMS: m/z calcd for [C33H38N2O2Si + H]: 523.2775; found: 523.2771.
[bookmark: RW22307ST-13]13  
            
Representative Procedure for Organoatalyzed Direct Aldol Reaction
            The mixture of l-prolinamide derivative 3d (0.1 mmol), cyclohexanone (5.0 mmol), 4-nitrobenzaldehyde (1.0  mmol), and MS in THF (1 mL) was stirred at -20 °C under an argon atmosphere for 72 h. The reaction mixture was directly purified through flash column chromatography on silica gel [gradient increasing from 20 → 25 → 30% EtOAc in PE (60-90 °C)] to give the adduct product; yield >99%; anti/syn = 92:8.

            
anti-Diastereomer: 
            1H NMR (400 MHz, CDCl3): d = 1.35-1.87 (m, 6 H), 2.09-2.13 (m, 2 H), 2.47-2.51 (m, 1 H), 4.08 (s, 1 H), 4.89 (d, J = 8.4 Hz, 1 H), 7.49 (d, J = 8.0 Hz, 2 H), 8.19 (d, J = 8.4 Hz, 2 H). 13C NMR (100 MHz, CDCl3): d = 24.6, 27.4, 31.5, 42.0, 57.2, 73.9, 123.5, 127.6, 147.8, 148.5, 213.5. HPLC analysis Daicel Chiralpak AD-H, i-PrOH-hexane (20:80), 254 nm, 0.5 mL/min, t
            R = 25.7 min (minor), 32.8 min (major); ee: >99%.

            
syn-Diastereomer: 1H NMR (400 MHz, CDCl3): d = 1.50-1.89 (m, 6 H), 2.35-2.43 (m, 2 H), 2.57-2.62 (m, 1 H), 3.18 (s, 1 H), 5.48 (d, J = 8.0 Hz, 1 H), 7.50 (t, J = 8.4 Hz, 1 H), 8.21 (d, J = 8.4 Hz, 2 H). 13C NMR (100 MHz, CDCl3): d = 24.8, 26.0, 28.4, 42.6, 57.0, 70.2, 123.4, 126.8, 147.0, 149.1, 213.8. HPLC analysis Daicel Chiralpak AD-H, i-PrOH-hexane (20:80), 254 nm, 0.5 mL/min, t
            R = 21.7 min and 23.7 min.
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