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                    Abstract
The enantiomer of natural “d-cellulose” (= “l-cellulose”), which consists of l-glucose, was synthesized from l-glucose via cationic ring-opening polymerization. l-Glucose (1L) was converted to 3-O-benzyl-2,6-di-O-pivaloyl-β-l-glucose 1,2,4-orthopivalate (6L) by five reaction steps. l-Glucose and its derivatives showed almost the same reactivity as d-glucose and its derivatives during the synthesis of compound 6L. Cationic ring-opening polymerization of compound 6L under atmospheric pressure proceeded smoothly to give 3-O-benzyl-2,6-di-O-pivaloyl-β-l-glucopyranan (7L) with a degree of polymerization (DPn) of 32.8 (Mw/Mn = 2.19). Removal of the benzyl and pivaloyl groups of compound 7L and subsequent acetylation gave acetylated β-l-glucopyranan. 1H and 13C NMR spectra of the acetylated β-l-glucopyranan had the same profiles as those of commercial cellulose triacetate prepared from natural cellulose, while its specific rotation was opposite, indicating the successful synthesis of l-cellulose. The synthesized l-cellulose had a cellulose II crystal structure. This is the first reported synthesis of l-cellulose, an l-polysaccharide that consists of an l-monosaccharide.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Scheme 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Synthesis of optically inactive cellulose via cationic ring-opening polymerization
                                        
                                    

                                    
                                        Article
                                        
                                         24 May 2021
                                    

                                

                                Waki Ikegami, Hiroshi Kamitakahara, … Toshiyuki Takano

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Cellulose levulinate: a protecting group for cellulose that can be selectively removed in the presence of other ester groups
                                        
                                    

                                    
                                        Article
                                        
                                         23 November 2014
                                    

                                

                                Xueyan Zheng, Daiqiang Xu & Kevin J. Edgar

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Novel cellulose esters derived from the levopimaric acid-maleic anhydride adduct: synthesis, characterization, and properties
                                        
                                    

                                    
                                        Article
                                        
                                         01 March 2017
                                    

                                

                                Ioan Bicu & Fanica Mustata

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Adelwöhrer C, Takano T, Nakatsubo F, Rosenau T (2009) Synthesis of 13C-perlabeled cellulose with more than 99% isotopic enrichment by a cationic ring-opening polymerization approach. Biomacromol 10:2817–2822. https://doi.org/10.1021/bm9006612
Article 
    CAS 
    
                    Google Scholar 
                

	Chankvetadze B (2020) Recent trends in preparation, investigation and application of polysaccharide-based chiral stationary phases for separation of enantiomers in high-performance liquid chromatography. TrAC Trends Anal Chem 122:115709. https://doi.org/10.1016/j.trac.2019.115709
Article 
    CAS 
    
                    Google Scholar 
                

	D’Orazio G, Asensio-Ramos M, Fanali C (2018) Enantiomers separation by capillary electrochromatography using polysaccharide-based stationary phases. J Sep Sci 42:360–384. https://doi.org/10.1002/jssc.201800798
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Egusa S, Kitaoka T, Goto M, Wariishi H (2007) Synthesis of cellulose in vitro by using a cellulase/surfactant complex in a nonaqueous medium. Angew Chem Int Ed 46:2063–2065. https://doi.org/10.1002/anie.200603981
Article 
    CAS 
    
                    Google Scholar 
                

	Francotte E (1994) Contribution of preparative chromatographic resolution to the investigation of chiral phenomena. J Chromatogr A 666:565–601. https://doi.org/10.1016/0021-9673(94)80419-2
Article 
    CAS 
    
                    Google Scholar 
                

	Harrowven DC, Curran DP, Kostiuk SL, Wallis-Guy IL, Whiting S, Stenning KJ, Tang B, Packard E, Nanson L (2010) Potassium carbonate-silica: a highly effective stationary phase for the chromatographic removal of organotin impurities. Chem Commun 46:6335–6337. https://doi.org/10.1039/c0cc01328e
Article 
    CAS 
    
                    Google Scholar 
                

	Hoeltgebum Thiesen LJ, Cabral N, Joselice Silva M, Bezerra G, Doboszewski B (2017) Larger laboratory scale synthesis of 5-methyluridine and formal synthesis of its l-enantiomer. Arch Org Chem 4:249–264. https://doi.org/10.24820/ark.5550190.p010.101
Article 
    CAS 
    
                    Google Scholar 
                

	Kamitakahara H, Hori M, Nakatsubo F (1996) Substituent effect on ring-opening polymerization of regioselectively acylated α-d-glucopyranose 1,2,4-orthopivalate derivatives. Macromolecules 29:6126–6131. https://doi.org/10.1021/ma960488h
Article 
    CAS 
    
                    Google Scholar 
                

	Karakawa M, Nakatsubo F (2002) An improved method for the preparation of 3-O-benzyl-6-O-pivaloyl-α-d-glucopyranose 1,2,4-orthopivalate. Carbohydr Res 337:951–954. https://doi.org/10.1016/S0008-6215(02)00085-X
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kobayashi S, Kashiwa K, Kawasaki T, Shoda S (1991) Novel method for polysaccharide synthesis using an enzyme: the first in vitro synthesis of cellulose via a nonbiosynthetic path utilizing cellulase as catalyst. J Am Chem Soc 113:3079–3084. https://doi.org/10.1021/ja00008a042
Article 
    CAS 
    
                    Google Scholar 
                

	Maeda H, Tsuyama T, Takabe K, Kamitakahara H, Takano T (2019) Preparation and properties of a coniferin enantiomer. J Wood Sci. https://doi.org/10.1186/s10086-019-1813-5
Article 
    
                    Google Scholar 
                

	Martínez RF, Liu Z, Glawar AFG, Yoshihara A, Izumori K, Fleet GWJ, Jenkinson SF (2014) Short and sweet: d-glucose to l-glucose and l-glucuronic acid. Angew Chem Int Ed 53:1160–1162. https://doi.org/10.1002/anie.201309073
Article 
    CAS 
    
                    Google Scholar 
                

	Nakatsubo F, Kamitakahara H, Hori M (1996) Cationic ring-opening polymerization of 3,6-Di-O-benzyl-α-d-glucose 1,2,4-orthopivalate and the first chemical synthesis of cellulose. J Am Chem Soc 118:1677–1681. https://doi.org/10.1021/ja953286u
Article 
    CAS 
    
                    Google Scholar 
                

	Nishio Y, Sato J, Sugimura K (2016) Liquid crystals of cellulosics: fascinating ordered structures for the design of functional material systems. Adv Polym Sci 271:241–286. https://doi.org/10.1007/12_2015_308
Article 
    CAS 
    
                    Google Scholar 
                

	Okamoto Y, Yashima E (1998) Polysaccharide derivatives for chromatographic separation of enantiomers. Angew Chem Int Ed 37:1020–1043. https://doi.org/10.1002/(SICI)1521-3773(19980504)37:8%3c3C1020::AID-ANIE1020%3e3E3.0.CO;2-5
Article 
    
                    Google Scholar 
                

	Ranaivoarimanana NJ, Kanomata K, Kitaoka T (2019) Concreted catalysis by nanocellulose and proline in oragnocatalytic michael addittions. Molecules 24:1231. https://doi.org/10.3390/molecules24071231
Article 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Rathore H, Hashimoto T, Igarashi K, Nukaya H, Fullerton DS (1985) Cardiac glycosides: 5. stereoselective syntheses of digitoxigenin α-D, β-D. α-L, β-l-glucosides. Tetrahedron 41:5427–5438. https://doi.org/10.1016/S0040-4020(01)91342-0
Article 
    CAS 
    
                    Google Scholar 
                

	Sowa W (1969) Synthesis of l-glucurone. conversion of d-glucose into l-glucose. Can J Chem 47:3931–3934. https://doi.org/10.1139/v69-655
Article 
    CAS 
    
                    Google Scholar 
                

	Weymouth-Wilson AC, Clarkson RA, Jones NA, Best D, Wilosn FX, Pino-González M-S, Fleet GWJ (2009) Large scale synthesis of the acetonides of l-glucuronolactone and of l-glucose: easy access to l-sugar chirons. Tetrahedron Lett 50:6307–6310. https://doi.org/10.1016/j.tetlet.2009.08.124
Article 
    CAS 
    
                    Google Scholar 
                

	Xia T-Y, Li Y-B, Yin Z-J, Meng X-B, Li S-C, Li Z-J (2014) Synthesis of l-glucose and l-galactose derivatives from d-sugars. Chinese Chem Lett 25:1220–1224. https://doi.org/10.1016/j.cclet.2014.06.007
Article 
    CAS 
    
                    Google Scholar 
                

	Yamamoto C, Okamoto Y (2004) Optically active polymers for chiral separation. Bull Chem Soc Jpn 77:227–257. https://doi.org/10.1246/bcsj.77.227
Article 
    CAS 
    
                    Google Scholar 
                

	Yasukawa T, Miyamura H, Kobayashi S (2015) Cellulose-supported chiral rhodium nanoparticles as sustainable heterogeneous catalysts for asymmetric carbon-carbon bond-forming reactions. Chem Sci 6:6224–6229. https://doi.org/10.1039/c5sc02510a
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgments
This work was supported by Japan Society for the Promotion of Science (JSPS) Grant-in-Aid for Challenging Research 16K14957 and 18K19230.


Author information
Authors and Affiliations
	Division of Forest and Biomaterials Science, Graduate School of Agriculture, Kyoto University, Kitashirakawa Oiwake-cho, Sakyo-ku, Kyoto, 606-8502, Japan
Takahiro Yagura, Waki Ikegami, Hiroshi Kamitakahara & Toshiyuki Takano


Authors	Takahiro YaguraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Waki IkegamiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hiroshi KamitakaharaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Toshiyuki TakanoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Toshiyuki Takano.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that they have no conflict of interest.

              
            

Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Electronic supplementary material

Below is the link to the electronic supplementary material.
Supplementary file1 (PPTX 263 kb)




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Yagura, T., Ikegami, W., Kamitakahara, H. et al. Synthesis of an enantiomer of cellulose via cationic ring-opening polymerization.
                    Cellulose 27, 9755–9766 (2020). https://doi.org/10.1007/s10570-020-03512-z
Download citation
	Received: 02 September 2020

	Accepted: 04 October 2020

	Published: 14 October 2020

	Issue Date: November 2020

	DOI: https://doi.org/10.1007/s10570-020-03512-z


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Chirality
	Enantiomer
	
                        l-Cellulose
	
                        l-Sugar
	Stereoisomer








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.239.243.235
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    