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            Abstract
Carbon chemistry exhibits a rich variety in bonding patterns, with homo- or heteronuclear multiple bonds involving sp-hybridized carbon atoms as found in molecules such as acetylenes, nitriles, allenes and carbon dioxide. Carbon's heavier homologues in group 14 of the periodic tableâ€”including silicon, germanium and tinâ€”were long thought incapable of forming multiple bonds because of the less effective pÏ€â€“pÏ€ orbital overlap involved in the multiple bonds. However, bulky substituents can protect unsaturated bonds and stabilize compounds with formally sp-hybridized heavy group-14 atoms1,2: stable germanium2, tin3 and lead4 analogues of acetylene derivatives and a marginally stable tristannaallene5 have now been reported. However, no stable silicon compounds with formal sp-silicon atoms have been isolated. Evidence for the existence of a persistent disilaacetylene6 and trapping7 of transient 2-silaallenes and other X = Si = Xâ€² type compounds (X, Xâ€² = O, CR2, NR, and so on) are also known, but stable silicon compounds with formally sp-hybridized silicon atoms have not yet been isolated. Here we report the synthesis of a thermally stable, crystalline trisilaallene derivative containing a formally sp-hybridized silicon atom. We find that, in contrast to linear carbon allenes, the trisilaallene is significantly bent. The central silicon in the molecule is dynamically disordered, which we ascribe to ready rotation of the central silicon atom around the molecular axis.




            
                
                    

    
        
            
                
                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
            
        

        
    



                    
                

                
    
    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
        



    

                
                    Figure 1: Molecular structure of trisilaallene 1 at -50â€‰Â°C.[image: ]


Figure 2: Newman projection illustrating the structure of the Si = Si = Si bonding in 1.[image: ]


Figure 3: Schematic MO diagram for tetramethyltrisilaallene 4 depending on the skeletal deformation.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A siliconâ€“carbonyl complex stable at room temperature
                                        
                                    

                                    
                                        Article
                                        
                                         20 April 2020
                                    

                                

                                Chelladurai Ganesamoorthy, Juliane Schoening, â€¦ Stephan Schulz

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Silylated siliconâ€“carbonyl complexes as mimics of ubiquitous transition-metal carbonyls
                                        
                                    

                                    
                                        Article
                                        
                                         19 October 2020
                                    

                                

                                Dominik Reiter, Richard Holzner, â€¦ Shigeyoshi Inoue

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Anions featuring an aluminiumâ€“silicon core with alumanyl silanide and aluminata-silene characteristics
                                        
                                    

                                    
                                        Article
                                        
                                         03 July 2023
                                    

                                

                                Moritz Ludwig, Daniel Franz, â€¦ Shigeyoshi Inoue

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Jutzi, P. Stable systems with a triple bond to silicon or its homologues: Another challenge. Angew. Chem. Int. Edn 39, 3797â€“3800 (2000)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Stender, M., Phillips, A. D., Wright, R. J. & Power, P. P. Synthesis and characterization of a digermanium analogue of an alkyne. Angew. Chem. Int. Edn 41, 1785â€“1787 (2002)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Phillips, A. D., Wright, R. J., Olmstead, M. M. & Power, P. P. Synthesis and characterization of 2,6-Dipp2-H3C6SnSnC6H3-2,6-Dipp2 (Dipp = C6H3-2,6-Pri2): A tin analogue of an alkyne. J. Am. Chem. Soc. 124, 5930â€“5931 (2002)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pu, L., Twamley, B. & Power, P. P. Synthesis and characterization of 2,6-Trip2H3C6PbPbC6H3-2,6-Trip2 (Trip = C6H2-2,4,5-Pri3): A stable heavier group 14 element analogue of an alkyne. J. Am. Chem. Soc. 122, 3524â€“3525 (2000)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wiberg, N. et al. Tetrasupersilyl-tristannaallene and tristannacyclopropene (t-Bu3Si)4Sn3â€”Isomers with the shortest Sn = Sn double bonds to date. Eur. J. Inorg. Chem. 1211â€“1218 (1999)

	Wiberg, N. et al. Synthesis, structure and dehalogenation of the disilene RClSi = SiClR [R = (t-Bu3Si)2MeSi]. Eur. J. Inorg. Chem. 1066â€“1070 (2002)

	Escudie, J., Ranaivonjatovo, H. & Rigon, L. Heavy allenes and cumulenes E = C = Eâ€² and E = C = C = Eâ€² (E = P, As, Si, Ge, Sn; Eâ€™ = C, N, P, As, O, S). Chem. Rev. 100, 3639â€“3696 (2000)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kira, M., Ishida, S., Iwamoto, T. & Kabuto, C. The first isolable dialkylsilylene. J. Am. Chem. Soc. 121, 9722â€“9723 (1999)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Harada, J. & Ogawa, K. Invisible but common motion in organic crystals: A pedal motion in stilbenes and azobenzenes. J. Am. Chem. Soc. 123, 10884â€“10888 (2001)
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Frisch, M.J. et al. Gaussian 98 Revision A.7 (Gaussian, Inc., Pittsburgh, PA, 1998).

	Sekiguchi, A., Maruki, I., Ebata, K., Kabuto, C. & Sakurai, H. High-pressure synthesis, structure, and novel photochemical reactions of 7,7,8,8-tetramethyl-7,8-disilabicyclo[2.2.2]octa-2,5-diene. J. Chem. Soc. Chem. Commun. 341â€“343 (1991)

	Iwamoto, T., Tamura, M., Kabuto, C. & Kira, M. A stable bicyclic compound with two Si = Si double bonds. Science 200, 504â€“506 (2000)
ArticleÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
This work was supported by Grants-in-Aid for Scientific Research from the Ministry of Education, Culture, Sports, Science and Technology, Japan.


Author information
Authors and Affiliations
	Department of Chemistry, Graduate School of Science, Tohoku University, Aoba-ku, Sendai, 980-8578, Japan
S. Ishida,Â T. Iwamoto,Â C. KabutoÂ &Â M. Kira


Authors	S. IshidaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	T. IwamotoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	C. KabutoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M. KiraView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                M. Kira.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Supplementary information

Supplementary Information (PDF 1253 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Ishida, S., Iwamoto, T., Kabuto, C. et al. A stable silicon-based allene analogue with a formally sp-hybridized silicon atom.
                    Nature 421, 725â€“727 (2003). https://doi.org/10.1038/nature01380
Download citation
	Received: 21 October 2002

	Accepted: 17 December 2002

	Issue Date: 13 February 2003

	DOI: https://doi.org/10.1038/nature01380


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

                
                    	
                            
                                
                                    
                                        Activation of water at disiladicarbene: from the perspective of modification of silicon surface with organo-silicon compounds
                                    
                                

                            
                                
                                    	Selvakumar Arumugam
	Sai Manoj N V T Gorantla
	Kartik Chandra Mondal


                                
                                Journal of Chemical Sciences (2024)

                            
	
                            
                                
                                    
                                        Charge frustration in ligand design and functional group transfer
                                    
                                

                            
                                
                                    	Dominik Munz
	Karsten Meyer


                                
                                Nature Reviews Chemistry (2021)

                            
	
                            
                                
                                    
                                        A stable germanone as the first isolated heavy ketone with a terminal oxygen atom
                                    
                                

                            
                                
                                    	Liangchun Li
	Tomohide Fukawa
	Kohei Tamao


                                
                                Nature Chemistry (2012)

                            


                

            

        
    

            
                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

                            
    
        
            
                [image: 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
	protocols.io
	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 Middle East


            


        

    

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


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    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
            
        


    









    [image: ]







[image: ]
