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            Abstract
Over the past few decades, several molecular cages, hosts and nanoporous materials enclosing nanometre-sized cavities have been reported1,2,3,4,5, including coordination-driven nanocages6. Such nanocages have found widespread use in molecular recognition, separation, stabilization and the promotion of unusual chemical reactions, among other applications3,4,5,6,7,8,9,10. Most of the reported nanospaces within molecular hosts are confined by aromatic walls, the properties of which help to determine the hostâ€“guest behaviour. However, cages with nanospaces surrounded by antiaromatic walls have not yet been developed, owing to the instability of antiaromatic compounds; as such, the effect of antiaromatic walls on the properties of nanospaces remains unknown. Here we demonstrate the construction of an antiaromatic-walled nanospace within a self-assembled cage composed of four metal ions with six identical antiaromatic walls. Calculations indicate that the magnetic effects of the antiaromatic moieties surrounding this nanospace reinforce each other. This prediction is confirmed by 1H nuclear magnetic resonance (NMR) signals of bound guest molecules, which are observed at chemical shift values of up to 24 parts per millionÂ (ppm), owing to the combined antiaromatic deshielding effect of the surrounding rings. This value, shifted 15 ppm from that of the free guest, is the largest 1H NMR chemical shift displacement resulting from an antiaromatic environment observed so far. This cage may thus be considered as a type of NMR shift reagent, moving guest signals well beyond the usual NMR frequency range and opening the way to further probing the effects of an antiaromatic environment on a nanospace.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more



Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more



Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more



Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Cartoon representations of nanospaces.


Fig. 2: Synthesis and NMR characterization of 3.


Fig. 3: Crystal structure of 3 and NICS calculations.


Fig. 4: Hostâ€“guest chemistry within antiaromatic-walled nanospace.



                


                
                    
                
            

            
                Data availability

              
              All data needed to evaluate the conclusions given in the paper are present in the paper and Supplementary Information. Any additional data related to this paper may be requested from the authors. Crystallographic data for the structure reported in this paper has been deposited at the Cambridge Crystallographic Data Centre (deposition number 1893553) and can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif.
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Extended data figures and tables

Extended Data Fig. 1 Preparation of diamine 2 from norcorrole 1.
When 1 was treated with 1,3-dibromo-5,5-dimethylhydantoin, inseparable mono-, di- and tribrominated products were obtained. As bromination randomly occurred at positions 3, 7, 12 and 16 (that is, adjacent to the mesityl moieties), the 3,12- and 3,16-substituted dibromonorcorroles trans-1a and cis-1a were obtained as the main products (Supplementary Figs. 1, 2). Subsequently, disubstituted trans-1b and cis-1b were obtained by Suzukiâ€“Miyaura cross-coupling at 43% yield as a mixture of two regioisomers (Supplementary Figs. 3, 4). Finally, 3,12-substituted subcomponent 2 could be isolated as a single regioisomer at 46% yield following reduction of the NO2 groups and chromatography (Supplementary Figs. 5â€“9). Reagents and conditions: (i) 1,3-dibromo-5,5-dimethylhydantoin, CH2Cl2, âˆ’78â€‰Â°C, 1Â h, 94% (mixture of trans-1a, cis-1a and other brominated species). (ii) 4-Nitrophenylboronic acid pinacol ester, Pd(PPh3)4, K3PO4, dryÂ THF, 70â€‰Â°C, 1Â h, 43% (mixture of trans-1b and cis-1b). (iii) SnCl2Â·H2O, dryÂ THF, 70â€‰Â°C, overnight, 46% (isolated 2).





Supplementary information
Supplementary Information
This file contains detailed additional synthetic procedures, hostâ€“guest studies, extended methods, full characterisation data, Supplementary Figures 1â€“74, Supplementary Tables 1â€“7 and additional references â€“ see content page for details.


Supplementary Data
This file contains the crystallographic data for compound 3.


Video 1
Three-dimensional NICSiso grid within the antiaromatic-walled nanospace. Yellow, orange and red dots represent medium to strong magnetic deshielding regions (NICSiso = 3â€“6 for yellow, 6â€“9 for orange and >9 for red). Regions outside the walls and for NICSiso<3 are not shown for clarity. Calculation details are provided in the Supplementary Information.





Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Yamashina, M., Tanaka, Y., Lavendomme, R. et al. An antiaromatic-walled nanospace.
                    Nature 574, 511â€“515 (2019). https://doi.org/10.1038/s41586-019-1661-x
Download citation
	Received: 01 April 2019

	Accepted: 14 August 2019

	Published: 23 October 2019

	Issue Date: 24 October 2019

	DOI: https://doi.org/10.1038/s41586-019-1661-x


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Linkage conversions in single-crystalline covalent organic frameworks
                                    
                                

                            
                                
                                    	Baoqiu Yu
	Rui-Biao Lin
	Jianzhuang Jiang


                                
                                Nature Chemistry (2024)

                            
	
                            
                                
                                    
                                        Porous metal-organic cage-based membranes
                                    
                                

                            
                                
                                    	Lei Jia
	Xianhui Tang
	Yan Liu


                                
                                Science China Chemistry (2023)

                            
	
                            
                                
                                    
                                        Photoresponsive metal-organic polyhedra in metal-organic frameworks: Achieving â€œrealâ€� responsiveness
                                    
                                

                            
                                
                                    	Sheng-Tao Wang
	Peng Tan
	Lin-Bing Sun


                                
                                Science China Materials (2023)

                            
	
                            
                                
                                    
                                        Free-standing homochiral 2D monolayers by exfoliation of molecular crystals
                                    
                                

                            
                                
                                    	Jinqiao Dong
	Lingmei Liu
	Yong Cui


                                
                                Nature (2022)

                            
	
                            
                                
                                    
                                        Self-assembly of a photoluminescent metal-organic cage and its spontaneous aggregation in dilute solutions enabling time-dependent emission enhancement
                                    
                                

                            
                                
                                    	Dong Luo
	Le-Xiong Wu
	Dan Li


                                
                                Science China Chemistry (2022)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    








