
    
    

    
    

    

    
    
    
      
    
    synlett


    
    
    
    



    

      

  
    	
          
            DE
          
        
	
          EN
        
	
        
          Home
        
      
	
        Products
        	
            
              Journals
            
          
	
            
              Books
            
          
	
            
              Book Series
            
          


        

      
	
        Service
        	
            
              Library Service
            
          


        

      
	
        Help
      
	
        
          Contact
        
      
	
        
          Portal
        
      


  

  
    
    
      
        SYNLETT
      
    

    

  
    
    
      
        
          Full-text search
        

      

      	Full-text search
	Author Search
	Title Search
	DOI Search
	Metadata Search


    

    
    
    
    
  




  

  
    


  



  	
	
	
	
	
	
        
          Journal
        
        	
                More About This Journal
              
	
                Editorial Board
              
	
                Advisory Board
              
	
                Editorial Office
              
	
                German National License
              
	
                Brochure
              


      
	
        
          Authors
        
        	
                Instructions for Authors
              
	
                Submit a Manuscript
              


      
	
          
            Subscription
          
          	
                  Subscription Information & Contacts
                
	
                  Institutional Licensing
                


        
	
        
        
        
          
        
          
            Recent SYNLETT Clusters/Specials
            
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
        	
                Upcoming Clusters
              
	
                Functional Dyes
              
	
                Special Issue dedicated to Prof. Hisashi Yamamoto
              
	
                60 Years of the Matteson Reaction: Modern Boronate Rearrangements
              
	
                Special Section: 13th EuCheMS Organic Division Young Investigator Workshop
              
	
                Special Issue Honoring Masahiro Murakami’s Contributions to Science
              
	
                Dispersion Effects
              
	
                Chemical Synthesis and Catalysis in India – Part II
              
	
                Chemical Synthesis and Catalysis in India – Part I
              
	
                Thieme Chemistry Journals Awardees 2022
              
	
                Development and Applications of Novel Ligands/Catalysts and Mechanistic Studies on Catalysis
              
	
                Organic Chemistry in Thailand
              
	
                Organic Photoredox Catalysis in Synthesis – Honoring Prof. Shunichi Fukuzumi’s 70th Birthday
              
	
                Special Section: 12th EuCheMS Organic Division Young Investigator Workshop
              
	
                Mechanochemistry
              
	
                Modern Nickel-Catalyzed Reactions – Part I
              
	
                Modern Nickel-Catalyzed Reactions – Part II
              
	
                Perspectives on Organoheteroatom and Organometallic Chemistry
              
	
                11th Singapore International Chemistry Conference (SICC-11)
              
	
                Organic Chemistry Under Visible Light: Photolytic and Photocatalytic Organic Transformations
              


      
	
        
        
        
          
        
          
            Virtual Issues
            
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
        	
                20 most-cited SYNLETT articles published in 2021/2022
              
	
                Nobel Prize 2021 Collection – Ben List and David MacMillan
              
	
                Editorial Board Collection published in 2020/2021
              
	
                Virtual India Collection
              
	
                Editor's choice
              
	
                Virtual Pearl Anniversary Issue – 30 Years SYNLETT
              
	
                Late-Stage Functionalization
              
	
                Machine Learning and Artificial Intelligence in Chemical Synthesis and Catalysis
              
	
                Virtual Collection: Jhillu S. Yadav
              
	
                Design and Chemical Synthesis of Antivirals
              
	
                Thieme Chemistry Journals Awardees 2022
              
	
                Open Access Articles
              


      





    	
        
        
        
        
        
        
          
          
            
              Not Logged In
            
             
              Login
            
            
              	
                  
                    
                      
                      
                      
                      
                        Username or e-mail address: 
                        
                      

                      
                        Password:
                        
                      

                      
                        
                      

                      Forgot Access Data?
                      
                        Register Now
                      
                      
                        OpenAthens/Shibboleth Login
                      
                    

                  
                


            

          
        
        

        

      
	
        
        
          Shopping Cart
        
        









        
        
      


  

  
    
      
    

    
    
      
    
    
    
    
    
    
    
    
    
      
        
          
        

      
    
  




      

      

      
        




  



  

  
    
    
      
      
    

    
    
      
        
          
          
          
          
            Year (Archive)
            
              
                
                  2022
                

              

              	
                      
                      
                      
                      
                        2024
                      
                    
	
                      
                      
                      
                      
                        2023
                      
                    
	
                      
                      
                      
                      
                        2022
                      
                    
	
                      
                      
                      
                      
                        2021
                      
                    
	
                      
                      
                      
                      
                        2020
                      
                    
	
                      
                      
                      
                      
                        2019
                      
                    
	
                      
                      
                      
                      
                        2018
                      
                    
	
                      
                      
                      
                      
                        2017
                      
                    
	
                      
                      
                      
                      
                        2016
                      
                    
	
                      
                      
                      
                      
                        2015
                      
                    
	
                      
                      
                      
                      
                        2014
                      
                    
	
                      
                      
                      
                      
                        2013
                      
                    
	
                      
                      
                      
                      
                        2012
                      
                    
	
                      
                      
                      
                      
                        2011
                      
                    
	
                      
                      
                      
                      
                        2010
                      
                    
	
                      
                      
                      
                      
                        2009
                      
                    
	
                      
                      
                      
                      
                        2008
                      
                    
	
                      
                      
                      
                      
                        2007
                      
                    
	
                      
                      
                      
                      
                        2006
                      
                    
	
                      
                      
                      
                      
                        2005
                      
                    
	
                      
                      
                      
                      
                        2004
                      
                    
	
                      
                      
                      
                      
                        2003
                      
                    
	
                      
                      
                      
                      
                        2002
                      
                    
	
                      
                      
                      
                      
                        2001
                      
                    
	
                      
                      
                      
                      
                        2000
                      
                    
	
                      
                      
                      
                      
                        1999
                      
                    
	
                      
                      
                      
                      
                        1998
                      
                    
	
                      
                      
                      
                      
                        1997
                      
                    
	
                      
                      
                      
                      
                        1996
                      
                    
	
                      
                      
                      
                      
                        1995
                      
                    
	
                      
                      
                      
                      
                        1994
                      
                    
	
                      
                      
                      
                      
                        1993
                      
                    
	
                      
                      
                      
                      
                        1992
                      
                    
	
                      
                      
                      
                      
                        1991
                      
                    
	
                      
                      
                      
                      
                        1990
                      
                    
	
                      
                      
                      
                      
                        1989
                      
                    


            

          

          
          
          
            Issues
            

          

        


        	
                Table of Contents
              
	
            
              
                Current Issue
              
            
          
	
                Articles by Category
              
	
              
                Free Sample Issue (01/2024)
              
            


      
    

    
    
      

  
  
    
      
      
    
    
      
        
        
      

    
  



    
    
    

    

    

    
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
          
            
          
          
          
        
      
    
      
    
      
        
          
  
          
            
          
  
          
            
              
              
                Related E-Products
              
            

            
              	
                      
                        

                        
                          Science of Synthesis
                        

                       
                      
                    
	
                      
                        

                        
                          Pharmaceutical Substances
                        

                       
                      
                    


            

          

        
      
    
      
        
          
            
              Related Journals
            

            
              	
                      
                        

                        
                          SYNTHESIS
                        

                      
                    
	
                      
                        

                        
                          SYNFACTS
                        

                      
                    
	
                      
                        

                        
                          SynOpen
                        

                      
                    
	
                      
                        

                        
                          Organic Materials
                        

                      
                    
	
                      
                        

                        
                          Planta Medica
                        

                      
                    
	
                      
                        

                        
                          Planta Medica International Open
                        

                      
                    
	
                      
                        

                        
                          Drug Research
                        

                      
                    


            

          

        
      
    
      
        
          
            
              Related Books
            

            
              	
                      
                        

                        
                          SoS C-1 Building Blocks in Organic Synthesis
                        

                      
                    
	
                      
                        

                        
                          SoS Multicomponent Reactions
                        

                      
                    
	
                      
                        

                        
                          SoS Cross Coupling and Heck-Type Reactions
                        

                      
                    
	
                      
                        

                        
                          SoS Asymmetric Organocatalysis
                        

                      
                    
	
                      
                        

                        
                          SoS Water in Organic Synthesis
                        

                      
                    
	
                      
                        

                        
                          SoS Stereoselective Synthesis
                        

                      
                    
	
                      
                        

                        
                          Protecting Groups
                        

                      
                    
	
                      
                        

                        
                          Spectroscopic Methods in Organic Chemistry
                        

                      
                    
	
                      
                        

                        
                          More from Thieme Chemistry
                        

                      
                    


            

          

        
      
    
      
    
      
    
      
    
      
    
      
    
      
    
  

    
  

  
  
  






  
  

  
    

  
  
    
      
      
    
    
      
      
    
  



    


  

    

    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    

    
    
    

    
      
        
          Subscribe to RSS

          Please copy the URL and add it into your RSS Feed Reader.

          
          https://www.thieme-connect.de/rss/thieme/en/10.1055-s-00000083.xml
        

      

    

    

    

    
      
        
      
    

    
      
        
      

      
        
      

      
        
          Share / Bookmark

          Facebook
          X
          Linkedin
          Weibo
        

      

    

    

    

    
      
          
              
          
      
    

    

    

    
      
        
        
          
          
          
        
      
    
  


  
    
      
        
          
            
              Download PDF
            
          
        
      

      
        
          
            
          
        
      

    

  

  

  
  
    
  
  




    
    
Synlett 2022; 33(14): 1377-1382
DOI: 10.1055/a-1806-6089


cluster

Organic Chemistry in Thailand



Diastereoselective Synthesis of Tetrahydrofurano[2,3-g]indolizidines and 8-Aminoindolizidines from l-Asparagine


Punlop Kuntiyong∗


, 


Nantachai Inprung

, 


Sineenart Attanonchai

, 


Wichita Kheakwanwong

, 


Pijitra Bunrod

, 


Sunisa Akkarasamiyo

The funding for this work was provided by the Thailand Research Fund (TRF) grants RSA6180040, DBG6080007, and The National Research Council of Thailand (NRCT) grant 2562#11892.



      › Further Information



	
Abstract

	
Full Text

	
References

	
Supplementary Material




 



 Buy Article Permissions and Reprints All articles of this category











        

Abstract

        
        

          




          
8-Aminoindolizidines were synthesized from l-asparagine as the chiral starting material. The key dibenzylamino succinimide intermediate was synthesized in two steps. Three homologs of chiral hydroxy lactams tethered with hydroxyalkenes were synthesized from the succinimide through a sequence involving N-alkylation, cross-olefin metathesis, and hydride reduction. The dibenzylamino group gave stereocontrol of the key N-acyliminium ion cyclization of these hydroxy lactams. 5-Substituted aminoindolizidines were synthesized with high diastereoselectivity at C6. A tandem cyclization of an N-(6-hydroxyhex-3-en-1-yl) γ-hydroxy lactam resulted in the formation of a tetrahydrofurano[2,3-g]indolizidine system.

        

      


        

Key words

        diastereoselective synthesis - 
        aminoindolizidines - 
        tandem cyclization - 
        furanoindolizidines - 
        asparagine
      



      

Supporting Information

      

Supporting information for this article is available online at https://doi.org/10.1055/a-1806-6089.	
Supporting Information



    









Publication History

Received: 14 February 2022


Accepted after revision: 23 March 2022


Accepted Manuscript online:
23 March 2022


Article published online:
25 April 2022



© 2022. Thieme. All rights reserved

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany


 




	
References and Notes







For aminoindolizidines, see:
        
	
1a 
            
              Sakamoto K, 
            
            
              Tsujii E, 
            
            
              Abe F, 
            
            
              Nakanishi T, 
            
            
              Yamashita M, 
            
            
              Shigematsu N, 
            
            
              Izumi S, 
            
            
              Okuhara M. 
            
          J. Antibiot. 1996; 49: 37 





CrossrefPubMed





	
1b 
            
              Aust S, 
            
            
              Broquist H, 
            
            
              Rinehart KJr. 
            
          J. Am. Chem. Soc. 1966; 88: 2879 





Crossref







      




For aminoquinolizidines, see:
        
	
2a 
            
              Takada K, 
            
            
              Uehara T, 
            
            
              Nakao Y, 
            
            
              Matsunaga S, 
            
            
              van Soest RW. M, 
            
            
              Fusetani N. 
            
          J. Am. Chem. Soc. 2004; 126: 187 





CrossrefPubMed





	
2b 
            
              Fitch RW, 
            
            
              Sturgeon GD, 
            
            
              Patel SR, 
            
            
              Spande TF, 
            
            
              Garraffo HM, 
            
            
              Daly JW, 
            
            
              Blaauw RH. 
            
          J. Nat. Prod. 2009; 72: 243 





CrossrefPubMed







      
	
3 
          
            Michael JP. 
          
        Nat. Prod. Rep. 2007; 24: 191 





CrossrefPubMed





	
4 
          
            Carroll AR, 
          
          
            Arumugan G, 
          
          
            Quinn RJ, 
          
          
            Redburn J, 
          
          
            Guymer G, 
          
          
            Grimshaw P. 
          
        J. Org. Chem. 2005; 70: 1889 





CrossrefPubMed





	
5 
          
            Wu Y, 
          
          
            Hai L, 
          
          
            Wu JB, 
          
          
            Pei SC, 
          
          
            Li XC. 
          
        CN 102887905A, 2013 





PubMed





	
6 
          
            Lin W.-H, 
          
          
            Ye Y, 
          
          
            Xu R.-S. 
          
        J. Nat. Prod. 1992; 55: 571 





CrossrefPubMed





	
7 
          
            Ratmanova NK, 
          
          
            Andreev IA, 
          
          
            Alexandre V, 
          
          
            Leontiev AV, 
          
          
            Momotova D, 
          
          
            Novoselov AM, 
          
          
            Ivanova OA, 
          
          
            Trushkov IV. 
          
        Tetrahedron 2020; 76: 131031 





CrossrefPubMed










For syntheses of alkaloids by using succinimides, see:
        
	
8a 
            
              Marsden SP, 
            
            
              McElhinney AD. 
            
          Beilstein J. Org. Chem. 2008; 4: 8 





CrossrefPubMed





	
8b 
            
              Saikia AK, 
            
            
              Indukuri K, 
            
            
              Das J. 
            
          Org. Biomol. Chem. 2014; 12: 7026 





CrossrefPubMed







      
	
9 
          
            Wu P, 
          
          
            Nielsen TE. 
          
        Chem. Rev. 2017; 117: 7811 





CrossrefPubMed





	
10 
          
            Li Y.-J, 
          
          
            Hou C.-C, 
          
          
            Chang K.-C. 
          
        Eur. J. Org. Chem. 2015; 1659 









	
11 
          
            Renner J, 
          
          
            Thakur A, 
          
          
            Rutz PM, 
          
          
            Cowley JM, 
          
          
            Evangelista JL, 
          
          
            Kumar P, 
          
          
            Prater MB, 
          
          
            Stolley RM, 
          
          
            Louie J. 
          
        Org. Lett. 2020; 22: 924 





CrossrefPubMed





	
12 
          
            Cutter AC, 
          
          
            Miller IR, 
          
          
            Keily JF, 
          
          
            Bellingham RK, 
          
          
            Light ME, 
          
          
            Brown R. CD. 
          
        Org. Lett. 2011; 13: 3988 





CrossrefPubMed





	
13 
          
            Šafář P, 
          
          
            Marchalín S, 
          
          
            Cvečko M, 
          
          
            Moncol J, 
          
          
            Dujnič V, 
          
          
            Šorale M, 
          
          
            Daïch A. 
          
        Org. Biomol. Chem. 2020; 18: 6384 





CrossrefPubMed







	
14a 
            
              Tanis SP, 
            
            
              Deaton MV, 
            
            
              Dixon LA, 
            
            
              McMills MC, 
            
            
              Raggon JW, 
            
            
              Collins MA. 
            
          J. Org. Chem. 1998; 63: 6914 





CrossrefPubMed





	
14b 
            
              Shengule SR, 
            
            
              Ryder G, 
            
            
              Willis AC, 
            
            
              Pyne SG. 
            
          Tetrahedron 2012; 68: 10280 





Crossref







      
	
15 
          
            Kuntiyong P, 
          
          
            Akkarasamiyo S, 
          
          
            Piboonsrinakara N, 
          
          
            Hemmara C, 
          
          
            Songthammawat P. 
          
        Tetrahedron 2011; 67: 8034 





CrossrefPubMed





	
16 
          
            Kuntiyong P, 
          
          
            Bunrod P, 
          
          
            Namborisut D, 
          
          
            Inprung N, 
          
          
            Sathongjin J, 
          
          
            Sae-guay C, 
          
          
            Thongteerapab S, 
          
          
            Khemthong P. 
          
        Tetrahedron 2017; 73: 4426 





Crossref





	
17 
          
            Kuntiyong P, 
          
          
            Piboonsrinakara N, 
          
          
            Bunrod P, 
          
          
            Namborisut D, 
          
          
            Akkarasamiyo S, 
          
          
            Songthammawat P, 
          
          
            Hemmara C, 
          
          
            Buaphan A, 
          
          
            Kongkathip B. 
          
        Heterocycles 2014; 89: 437 





Crossref





	
18 For reduction of substituted succinimides at the more hindered carbonyl using NaBH4, see: 
          
            Wijnberg JB. P. A, 
          
          
            Speckamp WN, 
          
          
            Schoemaker HE. 
          
        Tetrahedron Lett. 1974; 4073 





Crossref





	
19 
          
            Chatterjee AK, 
          
          
            Choi T.-L, 
          
          
            Sanders DP, 
          
          
            Grubbs RH. 
          
        J. Am. Chem. Soc. 2003; 125: 11360 





CrossrefPubMed





	
20 
          
            Ohmiya S, 
          
          
            Kubo H, 
          
          
            Otomasu H, 
          
          
            Saito K, 
          
          
            Murakoshi I. 
          
        Heterocycles 1990; 30: 537 





Crossref





	
21 Reduction of succinimide 12 with NaBH4 resulted in hydroxy lactam 18 along with its regioisomer from the reduction of the more-hindered carbonyl as a minor product (2:1). The regioisomeric hydroxy lactam did not undergo N-acyliminium ion cyclization to form a pyrroloazepine product. 














For syntheses of stemoamide, see:
        
	
22a 
            
              Wang Y, 
            
            
              Zhu L, 
            
            
              Zhang Y, 
            
            
              Hong R. 
            
          Angew. Chem. Int. Ed. 2011; 50: 2787 





CrossrefPubMed





	
22b 
            
              Honda T, 
            
            
              Matsukawa T, 
            
            
              Takahashi K. 
            
          Org. Biomol. Chem. 2011; 9: 673 





CrossrefPubMed





	
22c 
            
              Yoritate M, 
            
            
              Takahashi Y, 
            
            
              Tajima H, 
            
            
              Ogihara C, 
            
            
              Yokoyama T, 
            
            
              Soda Y, 
            
            
              Oishi T, 
            
            
              Sato Y, 
            
            
              Chida N. 
            
          J. Am. Chem. Soc. 2017; 139: 18386 





CrossrefPubMed







      
	
23 
          
            Alabugin IV, 
          
          
            Gilmore K. 
          
        Chem. Commun. 2013; 49: 11246 





CrossrefPubMed





	
24 
          
            Amorde SM, 
          
          
            Jewett IT, 
          
          
            Martin SF. 
          
        Tetrahedron 2009; 65: 3222 





CrossrefPubMed





	
25 
          3-(Dibenzylamino)-N-(but-3-en-1-yl)succinimide (11); Typical Procedure 
K2CO3 (54 mg, 0.39 mmol), KI (3.2 mg, 0.019 mmol), and 4-bromobut-1-ene (24 μL, 0.23 mmol) were added to a solution of 3-(dibenzylamine)succinimide (10; 57 mg, 0.19 mmol) in DMF (5 mL) under argon at rt, and the mixture was stirred for 2 h. H2O (20 mL) was added and the mixture was extracted with CH2Cl2 (3 × 10 mL). The combined organic layers were washed with H2O (5 × 10 mL), dried (Na2SO4), filtered, and concentrated under reduced pressure to give a green oil; yield: 52 mg (77%); Rf
           = 0.63 (hexane–EtOAc, 4:1); [α]D
          20 –45.5 (c 0.6, CHCl3).
IR (film): 3084, 3029, 2939, 2847, 1774, 1702, 1398, 1360, 1195, 1130 cm–1. 1H NMR (300 MHz, CDCl3): δ = 7.45–7.08 (m, 10 H), 5.71 (ddt, J = 17.1, 10.2, 7.0 Hz, 1 H), 5.11–4.90 (m, 2 H), 3.87 (dd, J = 8.9, 5.4 Hz, 1 H), 3.80 (d, J = 13.5 Hz, 2 H), 3.67–3.52 (m, 4 H), 2.70 (dd, J = 18.5, 9.0 Hz, 1 H), 2.57 (dd, J = 18.5, 5.4 Hz, 1 H), 2.33 (q, J = 7.0 Hz, 2 H). 13C NMR (75 MHz, CDCl3): δ = 177.2, 175.2, 138.3 (2 C), 134.5, 128.7 (4 C), 128.5 (4 C), 127.4 (2 C), 117.5, 57.2, 54.6, 37.7, 32.1 (2 C). ESI-HRMS: m/z calcd [M + Na]+ for C22H24N2NaO2: 371.1730; found: 371.1725.
3-(Dibenzylamino)-N-[6-(benzoyloxy)hex-3-en-1-yl]succinimide (29); Typical Procedure
But-3-en-1-yl benzoate (28; 840 mg, 4.76 mmol) and 2nd-generation Grubbs catalyst (6.5 mg, 6.9 μmol) were added to a solution of the butenylsuccinimide 11 (240 mg, 0.69 mmol) in anhyd CH2Cl2 (10 mL) under argon at rt, and the mixture was refluxed at 40 °C overnight. The mixture was then concentrated under reduced pressure and the crude product was purified by flash chromatography [silica gel, hexane–EtOAc (4:1)] to give a yellow oil; yield: 267 mg (78%); Rf
           = 0.39 (hexane–EtOAc, 4:1); [α]D
          20 –24.8 (c 1.6, CHCl3).
IR (film): 3061, 3029, 2944, 2847, 1699, 1272, 1160, 1112, 712, 698 cm–1. 1H NMR (300 MHz, CDCl3): δ = 8.01 (d, J = 8.2 Hz, 2 H), 7.70–7.12 (m, 13 H), 5.66–5.40 (m, 2 H), 4.25 (t, J = 7.2 Hz, 2 H), 3.92 (dd, J = 8.8, 4.9 Hz, 1 H), 3.82 (d, J = 13.4 Hz, 2 H), 3.62 (d, J = 13.4 Hz, 2 H), 3.56 (t, J = 7.0 Hz, 2 H), 2.74 (dd, J = 18.6, 9.0 Hz, 1 H), 2.60 (dd, J = 18.6, 5.3 Hz, 1 H), 2.52–2.25 (m, 4 H). 13C NMR (75 MHz, CDCl3): δ = 175.4, 173.3, 164.6, 136.3 (2 C), 131.0, 127.7, 127.0 (4 C), 126.6 (4 C), 125.6 (2 C), 62.3, 55.5, 52.7 (2 C), 36.2, 30.1, 29.2, 16.6. ESI-HRMS: m/z calcd [M + H]+ for C31H33N2O4: 497.2440; found: 497.2440.
3-(Dibenzylamino)-5-hydroxy-1-(6-hydroxyhex-3-en-1-yl)pyrrolidin-2-one (30); Typical Procedure
DIBAL-H (0.62 mL, 1.2 M, 0.75 mmol) was added to a solution of succinimide 11 (122 mg, 0.25 mmol) in anhyd CH2Cl2 (10 mL) under argon at –78 °C, and the mixture was stirred for 2 h at 0 °C. Sat. aq. NaHCO3 (5 mL) was added dropwise and the resulting mixture was extracted with EtOAc (3 × 10 mL). The combined organic layers were dried (Na2SO4), filtered, and concentrated under reduced pressure. The crude product was purified by flash chromatography [silica gel, hexane–EtOAc (1:5)] to give an orange oil; yield: 91 mg (92%); Rf
           = 0.29 (hexane–EtOAc, 1:5); [α]D
          20 –20.7 (c 1.0, CHCl3).
IR (film): 3412, 3028, 2925, 2880, 1674, 1453, 1433, 1264, 1074, 1028, 732, 698 cm–1. 1H NMR (300 MHz, CDCl3): δ = 7.55–7.08 (m, 10 H), 5.61–5.18 (m, 2 H), 4.75–4.92 (m, 1 H), 3.84 (d, J = 13.7 Hz, 2 H), 3.62 (d, J = 13.7 Hz, 2 H), 3.60–3.34 (m, 5 H), 3.33–3.10 (m, 2 H), 2.50–2.00 (m, 5 H), 1.80–1.60 (m, 1 H). 13C NMR (75 MHz, CDCl3): δ = 172.4, 138.7 (2 C), 129.4, 128.0 (4 C), 127.6, 127.2 (4 C), 126.1 (2 C), 78.9, 64.0, 60.5, 57.8, 53.4 (2 C), 39.0, 34.5, 31.3, 29.9, 28.7. ESI-HRMS: m/z calcd [M + H]+ for C24H31N2O3: 395.2329; found: 395.2331.
(3aS,8S,9aR,9bS)-8-(Dibenzylamino)octahydrofuro[2,3-g]indolizin-7(3aH)-one (32) and (2S,8aR)-2-(Dibenzylamino)-8-(2-hydroxyethyl)-1,5,6,8a-tetrahydroindolizin-3(2H)-one (33); Typical Procedure
TMSOTf (0.13 mL, 0.70 mmol) was added to a solution of hydroxy lactam 30 (95 mg, 0.24 mmol) in dry CH2Cl2 (5 mL) under argon at 0 °C, and the mixture was stirred for 3 h at 0 °C to rt. Sat. aq. NaHCO3 (5 mL) was added dropwise, and the resulting mixture was extracted with CH2Cl2 (3 × 10 mL). The combined organic layers were dried (Na2SO4), filtered, and concentrated under reduced pressure. The crude product was purified by flash chromatography [silica gel, hexane–EtOAc (1:2)] to give 32 [yield: 47 mg (52%)] and 33 [yield: 20 mg (22%)] as pale-yellow oils.
32
          Rf
           = 0.51 (hexane–EtOAc, 1:5); [α]D
          20 –13.8 (c 1.3, CHCl3). IR (film): 3027, 2926, 2878, 1677, 1452, 1430, 1257, 1145, 1074, 733, 698 cm–1. 1H NMR (300 MHz, CDCl3) δ7.67–7.11 (m, 10 H), 4.35 (dd, J = 13.4, 4.3 Hz, 1 H), 4.15–3.80 (m, 4 H), 3.82–3.60 (m, 3 H), 3.35 (dt, J = 10.0, 4.3 Hz, 1 H), 3.20 (dt, J = 10.6, 3.5 Hz, 1 H), 2.67 (dt, J = 13.0, 3.6 Hz, 1 H), 2.29–1.90 (m, 2 H), 1.80–1.50 (m, 2 H), 1.42 (dd, J = 12.0, 5.5 Hz, 1 H), 1.34 (dd, J = 12.0 Hz, 1 H), 1.11 (dq, J = 10.4, 7.1 Hz, 1 H). 13C NMR (75 MHz, CDCl3): δ = 175.5, 139.5 (2 C), 128.9 (4 C), 128.4 (4 C), 127.3 (2 C), 81.2, 76.6, 66.9, 59.8, 55.1 (2 C), 50.7, 37.5, 29.9, 28.2, 28.0. ESI-HRMS calculated for C24H29N2O2 [M+H]+: 377.2229; found: 377.2229. 
33
          Rf
           = 0.40 (hexane–EtOAc, 1:5); [α]D
          20 –8.4 (c 1.3, CHCl3). IR (film): 3412, 3028, 2925, 2880, 1674, 1453, 1433, 1264, 1074, 1028, 732, 698 cm–1. 1H NMR (300 MHz, CDCl3): δ = 7.60–7.12 (m, 10 H), 5.54 (d, J = 4.7 Hz, 1 H), 4.24 (dd, J = 12.0, 6.0 Hz, 1 H), 4.19–4.05 (m, 1 H), 4.20–3.79 (m, 3 H), 3.78–3.57 (m, 5 H), 2.79 (dt, J = 12.0, 4.5 Hz, 1 H), 2.39–2.10 (m, 3 H), 2.09–1.50 (m, 3 H). 13C NMR (75 MHz, CDCl3): δ = 170.2, 137.7 (2 C), 133.9, 127.1 (4 C), 126.5 (4 C), 125.3 (2 C), 119.7, 59.1, 58.2, 53.9, 52.9, 35.8, 34.5, 28.2, 28.0, 24.4. ESI-HRMS calculated for C24H29N2O2 [M+H]+: 377.2229; found: 377.2229. 
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