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Abstract

Diastereoselective conjugate addition of lithium (S)-N-allyl-N-α-methylbenzylamide to α,β-unsaturated esters or Weinreb amides, followed by ring closing metathesis is used to afford the cyclic β-amino acids (S)-homopipecolic acid and (S)-homoproline and the amine (S)-coniine in high ee.


Key words

lithium amide - conjugate addition - ring closing metathesis - asymmetric synthesis - cyclic β-amino acids







References

	
[bookmark: RD09102ST-1]For example see:

	
[bookmark: RD09102ST-1][bookmark: RD09102ST-1A]1a 
             Giannis A. 
             Kolter T. 
            Angew. Chem. Int. Ed. Engl. 
            1993, 
            32: 
            1244 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-1][bookmark: RD09102ST-1B]1b 
             Hammer K. 
             Undheim K. 
            Tetrahedron 
            1997, 
            53: 
            10603 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-1][bookmark: RD09102ST-1C]1c 
             Goodman M. 
             Shao H. 
            Pure Appl. Chem. 
            1996, 
            68: 
            1303 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-1][bookmark: RD09102ST-1D]1d 
             Crisma M. 
             Formaggio F. 
             Pantano M. 
             Valle G. 
             Bonora GM. 
             Toniolo C. 
             Schoemaker HE. 
             Kamphuis J. 
            J. Chem. Soc., Perkin Trans. 2. 
            1994, 
            1735 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-2][bookmark: RD09102ST-2A]2a 
             Kotha S. 
             Ganesh T. 
             Ghosh AK. 
            Bioorg. Med. Chem. Lett. 
            2000, 
            10: 
            1755 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-2][bookmark: RD09102ST-2B]2b 
             Sasaki NA. 
             Dockner M. 
             Chiaroni A. 
             Riche C. 
             Potier P. 
            J. Org. Chem. 
            1997, 
            62: 
            765 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-2][bookmark: RD09102ST-2C]2c 
             Hammer K. 
             Undheim K. 
            Tetrahedron: Asymmetry 
            1998, 
            9: 
            2359 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-2][bookmark: RD09102ST-2D]2d 
             Rutjes FPJT. 
             Schoemaker HE. 
            Tetrahedron Lett. 
            1997, 
            38: 
            677 
          






CrossrefGoogle Scholar





	[bookmark: RD09102ST-3]3 
             Busson R. 
             Vanderhaeghe H. 
            J. Org. Chem. 
            1978, 
            43: 
            4438 
          






Google Scholar





	
[bookmark: RD09102ST-4][bookmark: RD09102ST-4A]4a 
             O’Brien P. 
             Porter DW. 
             Smith NM. 
            Synlett 
            2000, 
            1336 
          






Google Scholar





	
[bookmark: RD09102ST-4][bookmark: RD09102ST-4B]4b 
             Enders D. 
             Wiedemann J. 
            Liebigs Ann. Chem. 
            1997, 
            699 
          






Google Scholar





	
[bookmark: RD09102ST-5]See:

	
[bookmark: RD09102ST-5][bookmark: RD09102ST-5A]5a 
             Bardou A. 
             Célérier JP. 
             Lhommet G. 
            Tetrahedron. Lett. 
            1997, 
            38: 
            8507 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-5][bookmark: RD09102ST-5B]5b 
             Blot J. 
             Bardou A. 
             Bellec C. 
             Fargeau-Bellassoued M.-C. 
             Célérier JP. 
             Lhommet G. 
             Gardette D. 
             Gramain J.-C. 
            Tetrahedron Lett. 
            1997, 
            38: 
            8511 ; and references contained therein






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-6]For previous use of the N-allyl-N-α-methylbenzyl lithium amide in synthesis see:

	
[bookmark: RD09102ST-6][bookmark: RD09102ST-6A]6a 
             Davies SG. 
             Fenwick DR. 
            Chem. Commun. 
            1995, 
            1109 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-6][bookmark: RD09102ST-6B]6b 
             Davies SG. 
             Hedgecock CJR. 
             McKenna JM. 
            Tetrahedron: Asymmetry 
            1995, 
            6: 
            2507 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-6][bookmark: RD09102ST-6C]6c 
             Davies SG. 
             Hedgecock CJR. 
             McKenna JM. 
            Tetrahedron: Asymmetry 
            1995, 
            6: 
            827 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-6][bookmark: RD09102ST-6D]6d 
             Davies SG. 
             Fenwick DR. 
            Chem. Commun. 
            1997, 
            565 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-6][bookmark: RD09102ST-6E]6e 
             Davies SG. 
             Fenwick DR. 
             Ichihara O. 
            Tetrahedron: Asymmetry 
            1997, 
            8: 
            3387 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-6][bookmark: RD09102ST-6F]6f 
             Davies SG. 
             Garrido NM. 
             McGee PA. 
             Shilvock JP. 
            J. Chem. Soc., Perkin Trans. 1 
            1999, 
            3105 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-6][bookmark: RD09102ST-6G]6g For use of the N-methyl-N-α-methylbenzyl lithium amide in synthesis see:  Davies SG. 
             Smethurst CAP. 
             Smith AD. 
             Smyth GD. 
            Tetrahedron: Asymmetry 
            2000, 
            11: 
            2437 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-6][bookmark: RD09102ST-6H]6h See also:  Davies SG. 
             Smyth GD. 
            Tetrahedron: Asymmetry 
            1996, 
            7: 
            1001 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-7][bookmark: RD09102ST-7A]7a 
             Miller SJ. 
             Grubbs RH. 
            J. Am. Chem. Soc. 
            1995, 
            117: 
            5855 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-7][bookmark: RD09102ST-7B]7b 
             Miller SJ. 
             Blackwell HE. 
             Grubbs RH. 
            J. Am. Chem. Soc. 
            1996, 
            118: 
            9606 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-7][bookmark: RD09102ST-7C]7c 
             Miller JF. 
             Termin A. 
             Koch K. 
             Piscopio AD. 
            J. Org. Chem. 
            1998, 
            63: 
            3158 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-8]For recent related approaches of ring closing metathesis see:

	
[bookmark: RD09102ST-8][bookmark: RD09102ST-8A]8a 
             Lim SH. 
             Ma S. 
             Beak P. 
            J. Org. Chem. 
            2001, 
            66: 
            9056 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-8][bookmark: RD09102ST-8B]8b 
             Kumareswaran R. 
             Hassner A. 
            Tetrahedron: Asymmetry 
            2001, 
            12: 
            2269 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-8][bookmark: RD09102ST-8C]8c 
             Park SH. 
             Kang HJ. 
             Ko S. 
             Park S. 
             Chang S. 
            Tetrahedron: Asymmetry 
            2001, 
            12: 
            2621 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-8][bookmark: RD09102ST-8D]8d 
             Ginesta X. 
             Pericàs MA. 
             Riera A. 
            Tetrahedron Lett. 
            2002, 
            43: 
            779 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-9]For selected asymmetric syntheses and uses of homo-pipecolic acid in synthesis see:

	
[bookmark: RD09102ST-9][bookmark: RD09102ST-9A]9a 
             Toone EJ. 
             Jones JB. 
            Can. J. Chem. 
            1987, 
            65: 
            2722 
          






Google Scholar





	
[bookmark: RD09102ST-9][bookmark: RD09102ST-9B]9b 
             Wanner KT. 
             Kaertner A. 
            Heterocycles 
            1987, 
            26: 
            921 
          






Google Scholar





	[bookmark: RD09102ST-11]11 
             Schwab P. 
             Grubbs RH. 
             Ziller JW. 
            J. Am. Chem. Soc. 
            1996, 
            118: 
            100 
          




Google Scholar





	[bookmark: RD09102ST-13]13 
             Wakabayashi T. 
             Watanabe K. 
             Kato Y. 
            Synth. Commun. 
            1977, 
            7: 
            239 
          






Google Scholar





	
[bookmark: RD09102ST-14]For selected asymmetric syntheses and uses of homoproline in synthesis see:

	
[bookmark: RD09102ST-14][bookmark: RD09102ST-14A]14a 
             Buchschacher P. 
             Cassal JM. 
             Fuerst A. 
             Werner M. 
            Helv. Chim. Acta. 
            1977, 
            60: 
            2747 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-14][bookmark: RD09102ST-14B]14b 
             Lang G. 
             Passreiter CM. 
             Medinilla B. 
             Castillo J. -J. 
             Witte L. 
            Biochem.  Syst. and Ecol. 
            2001, 
            29: 
            143 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-14][bookmark: RD09102ST-14C]14c 
             Giugliano G. 
             Grieco P. 
             Ialenti A. 
             Mottola M. 
             Perissutti E. 
             Santagada V. 
            J. Biol. Res. 
            1996, 
            72: 
            29 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-14][bookmark: RD09102ST-14D]14d 
             Cassal JM. 
             Fuerst A. 
             Meier W. 
            Helv. Chim. Acta 
            1976, 
            59: 
            1917 
          






CrossrefGoogle Scholar





	[bookmark: RD09102ST-17]17 
             Busson R. 
             Vanderhaeghe H. 
            J. Org. Chem. 
            1978, 
            43: 
            4438 
          






Google Scholar





	[bookmark: RD09102ST-18]18 
             Rizzi D. 
             Basile C. 
             Dimaggio A. 
             Sebastio A. 
             Introna F. 
             Rizzi R. 
             Scatizzi A. 
             Demarco S. 
             Smialek JE. 
            Nephrol. Dial. Transplant. 
            1991, 
            6: 
            939 
          






Google Scholar





	
[bookmark: RD09102ST-19]For other selected asymmetric syntheses see:

	
[bookmark: RD09102ST-19][bookmark: RD09102ST-19A]19a 
             Al-awar RS. 
             Joseph SP. 
             Comins DL. 
            J. Org. Chem. 
            1993, 
            58: 
            7732 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-19][bookmark: RD09102ST-19B]19b 
             Enders D. 
             Tiebes J. 
            Liebigs Ann. 
            1993, 
            173 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-19][bookmark: RD09102ST-19C]19c 
             Hattori K. 
             Yamamoto H. 
            Tetrahedron 
            1993, 
            49: 
            1749 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-19][bookmark: RD09102ST-19D]19d 
             Oppolzer W. 
             Bochet CG. 
             Merrifield E. 
            Tetrahedron Lett. 
            1994, 
            35: 
            7015 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-19][bookmark: RD09102ST-19E]19e 
             Hirai Y. 
             Nagatsu M. 
            Chem. Lett. 
            1994, 
            21 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-19][bookmark: RD09102ST-19F]19f 
             Amat M. 
             Llor N. 
             Bosch J. 
            Tetrahedron Lett. 
            1994, 
            35: 
            2223 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-19][bookmark: RD09102ST-19G]19g 
             Fréville S. 
             Célérier JP. 
             Thuy VM. 
             Lhommet G. 
            Tetrahedron: Asymmetry 
            1995, 
            6: 
            2651 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-19][bookmark: RD09102ST-19H]19h 
             Kim YH. 
             Choi JY. 
            Tetrahedron Lett. 
            1996, 
            37: 
            5543 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-19][bookmark: RD09102ST-19I]19i 
             Charette AB. 
             Grenon M. 
             Lemire A. 
             Pourashraf M. 
             Martel J. 
            J. Am. Chem. Soc. 
            2001, 
            123: 
            11829 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-19][bookmark: RD09102ST-19J]19j 
             Wilkinson TJ. 
             Stehle NW. 
             Beak P. 
            Org Lett. 
            2000, 
            155 
          






CrossrefGoogle Scholar





	
[bookmark: RD09102ST-19][bookmark: RD09102ST-19K]19k 
             Katritzky AR. 
             Qiu G. 
             Yang B. 
             Steel PJ. 
            J. Org. Chem. 
            1998, 
            63: 
            6699 
          






CrossrefGoogle Scholar





	[bookmark: RD09102ST-20]20 
             Munchof MJ. 
             Meyers AI. 
            J. Org. Chem. 
            1995, 
            60: 
            7084 
          






CrossrefGoogle Scholar





	[bookmark: RD09102ST-21]21 
             Hayes JF. 
             Shipman M. 
             Twin H. 
            Chem. Commun. 
            2001, 
            1784 
          






CrossrefGoogle Scholar






[bookmark: RD09102ST-10]10  As shown by 1H NMR spectroscopic analysis of the crude reaction mixture.
[bookmark: RD09102ST-12]12  By 1H NMR spectroscopic analysis in the presence of (R)-2,2,2-trifluoro-1-(9-anthryl)-ethanol and comparison with an authentic racemic standard.
[bookmark: RD09102ST-15]15  Ring closing metathesis procedure for the synthesis of 9: RuCl2(=CHPh)(PCy3)2 (0.2 g, 0.25 mmol) was added to a stirred solution of 8 (2.1 g, 6.3 mmol) in DCM (200 mL) under Ar and refluxed for 18 hours. After concentration in vacuo, the residue was purified by column chromatography on silica gel (40-60 petrol-Et2O, 18:1) to furnish 9 as a clear yellow oil (1.4 g, 77%); [α]D
            24 -132.0 (c 0.99, CHCl3); IR(film)/ cm-1: 1728 (C=O); δH (500 MHz, CDCl3), 1.46 [3 H, d, J = 6.7 Hz, C(α)Me], 1.49 [9 H, s, OC(Me)3], 2.37 (1 H, dd, J = 14.5 Hz, J = 8.9 Hz, CHCO2
            
              t
            Bu), 2.63 (1 H, dd, J = 14.5 Hz, J = 4.0 Hz, CHCO2
            
              t
            Bu), 3.38-3.43 and 3.60-3.64 (2 × 1 H, m, NCH
            
              2
            ), 3.88 [1 H, q, J = 6.7 Hz, C(α)H], 4.16-4.21 (1 H, m, NCHCH2), 5.70-5.78 (2 H, m, CH=CH), 7.22-7.36 (5 H, m, Ph); δc (125 MHz, CDCl3) 22.8, 28.0, 43.0, 58.3, 62.0, 64.7, 80.0, 126.6, 126.8, 127.3, 128.2, 130.6, 144.7, 171.3; m/z (APCI+) 288 (MH+, 80%), 219 (MH+-C4H8); HRMS (CI+) C18H26NO2 requires 288.1964; found 288.1967.
[bookmark: RD09102ST-16]16  As shown by LiAlH4 reduction to the N-α-methyl benzyl protected amino alcohol and subsequent 1H NMR chiral shift studies in the presence of (R)- and (±)-O-acetyl mandelic acid.
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