
    
    

    
    

    

    
    
    
      
    
    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
        
        









        
        
      


  

  
    
      
    

    
    
      
    
    
    
    
    
    
    
    
    
      
        
          
        

      
    
  




      

      

      
        




  



  

  
    
    
      [image: ]
      
    

    
    
      
        
          
          
          
          
            Year (Archive)
            
              
                
                  2002
                

              

              	
                      
                      
                      
                      
                        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
        

      

    

    

    

    
      
        [bookmark: saveLink]
      
    

    
      
        
      

      
        
      

      
        
          Share / Bookmark

          Facebook
          X
          Linkedin
          Weibo
        

      

    

    

    

    
      
          
              
          
      
    

    

    

    
      
        
        
          
          
          
        
      
    
  


  
    
      
        
          
            
              Download PDF
            
          
        
      

      
        
          
            
          
        
      

    

  

  

  
  
    
  
  




    
    
Synlett  2002(9): 1459-1462
DOI: 10.1055/s-2002-33533

LETTER

© Georg Thieme Verlag Stuttgart · New York
Addition Reactions of Tertiary 
Silylphosphanes with Acetylenic Ketones and Aldehydes

Martin  
Reisser, Alexandra  
Maier, Gerhard  
Maas*
Abteilung Organische Chemie I, Universität Ulm, Albert-Einstein-Allee 
11, 89081 Ulm, Germany
Fax: +49(731)5022803; e-Mail: gerhard.maas@chemie.uni-ulm.de; 



Further Information


Publication History


	
        Received
      18 June 2002


Publication Date:
17 September 2002 (online)












	
Abstract

	
Full Text

	
References




 

[image: SFX Search]

 Buy Article Permissions and Reprints All articles of this category



[image: ]


Abstract

(Trimethylsilyl)phosphanes Me3Si-PR2 (PR2 = PPh2, PEt2, 
1-phospholanyl) add smoothly across the C≡C bond of acetylenic 
ketones RCOC≡CPh to form (Z)-3-phosphanyl-2-(trimethylsilyl)prop-2-en-1-ones 3 (3,4-addition). Thermal isomerization 
of the latter yields the corresponding 3-(trimethylsilyl)oxy-allenylphosphane 6, formally the product of a 1,4-addition. 
Mainly 1,2-addition occurs with propiolic aldehydes leading to (1-[(trimethylsilyl)oxy]propargyl)phosphanes 4. Desilylation reactions of 3b yield either (3-oxopropyl)phosphanoxide 7 or (3-oxopropenyl)phosphanoxide 8.


Key words
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[bookmark: RG16702ST-7]7  (Z)-3-(Diphenylphosphanyl)-1,3-diphenyl-2-(trimethyl-silyl)prop-2-en-1-one(3a); general procedure: A solution of 1,3-diphenylprop-2-yn-1-one 
(2a, 3.1 g, 15.0 mmol) in THF (100 mL) 
was cooled at 0 °C and diphenyl(trimethyl-silyl)phosphane 
(1a, 3.87 g, 15.0 mmol) was added. The reaction 
mixture was kept with stirring at 0 °C for 2 h, then at 
20 °C for 12 h. The solvent was evaporated at 15 mbar and the 
solid residue was recrystallized from CH3CN to furnish 3a as colorless crystals (5.22 g, 75%), 
mp 127-128 °C. IR (KBr): 1663 s, 1243 s, 1233 
s, 858 s, 842 s cm-1. 1H 
NMR (CDCl3, 500.14 MHz): δ = 0.51 (d, 5
            J
            H,P = 1.2 Hz, 9 
H, SiMe3), 6.3-7.8 (20 HPh). MS (EI, 
70 eV): m/z (%) = 466 
(9), 465 (33), 464 (100) [all M+].

            
3b: From 1b and 2a; large pale-yellow crystals, 69% yield, mp 
100 °C. IR (KBr): 1655 s, 1237 s, 844 s, 703 m cm-1.

            
1H 
NMR (CDCl3, 500.14 MHz, 233 K): δ = 0.35 
(d, 5
            J
            H,P = 1.6 
Hz, 9 H, SiMe3), 1.0-1.4 (m, 10 Hethyl), 
6.6-7.6 (10 HPh). 29Si NMR 
(CDCl3, 99.37 MHz): δ = -8.5 
(d, 3
            J
            Si,P = 11.4 
Hz). MS (EI, 70 eV): m/z (%) = 370 
(5), 369 (10), 368 (39) [all M+], 
279 (100). C22H29OSiP (368.53): calcd C 71.70, 
H 7.93; found C 71.38, H 8.12.

            
3c: 
From 1c and 2a; 
pale-yellow crystals, 69% yield, mp 99 °C. IR 
(KBr): 1667/1650 vs, 1230 vs, 1174 vs, 702 vs
cm-1. 1H 
NMR (CDCl3, 500.14 MHz): δ = 0.35 (d, 5
            J
            H,P = 1.5 Hz, 9 
H, SiMe3), 1.08-1.25 (m, coalescing, 2 H), 1.35-1.45 (m, 
2 H), 1.65-1.90 (m, 4 H), 6.7-7.7 (10 HPh). 
MS (EI, 70 eV): m/z (%) = 368 
(2), 367 (7), 366 (25) [all M+], 
279 (100). C22H27OPSi (366.51): calcd C 72.10, 
H 7.42; found C 71.80, H 7.55.

            
3d: 
From 1a and 2b; 
70% yield, amorphous solid, mp 149 °C. IR (KBr): 
1629 vs, 1413 s, 1261 s, 1246 s, 846 vs, 743 vs, 725 s, 702 vs cm-1. 1H 
NMR (CDCl3, 500.14 MHz):
δ = 0.44 
(s, 9 H, SiMe3), 6.4-7.5 (18 Harom). 
MS (EI, 70 eV): m/z (%) = 472 
(13), 471 (36), 470 (100) [all M+], 469 
(39). C28H27OPSSi (470.64): calcd C 71.46, 
H 5.78; found C 71.52, H 5.62.

            
3e: 
From 1b and 2c, 
malodorous colorless oil, isolated by bulb-to-bulb distillation 
at 80-100 °C/0.0001 mbar; 76% yield. 
IR (KBr): 1687 s, 1245 s, 1187 s, 841 s cm-1. 1H 
NMR (CDCl3, 500.14 MHz): δ = 0.49 (d, 5
            J
            H,P = 1.5 Hz, 9 
H, SiMe3), 1.19 (dt, 6 H, CH2CH
            3), 1.35 (m, 4 H, PCH2), 
1.86 (d, 5
            J
            H,P = 1.4 
Hz, COCH3), 6.90-7.00 (m, 2 HPh), 
7.32-7.43 (m, 3 HPh). MS (EI, 70 eV): m/z (%) = 308 
(2), 307 (9), 306 (43) [all M+], 
217 (100). C17H27OPSi (306.46): calcd C 66.63, 
H 8.88; found C 67.31, H 8.25.
[bookmark: RG16702ST-9]9  Crystal data for 3b: 
Triclinic, space group P1, a = 9.432 (3), b = 9.611 
(2), c = 12.548 (3) Å, α = 98.82 (3), β = 102.21 (3), γ = 101.69 (3); Z = 2, D
            calc = 1.149 
g·cm-3. Crystallographic data 
have been deposited at the Cambridge Crystallographic Data Centre 
as supplementary publication no. CCDC-187712. These data can be 
obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html 
(or from the Cambridge Crystallographic Data Centre, 12, Union Road, 
Cambridge CB2 1EZ, UK; fax: +44(1223)336033).
[bookmark: RG16702ST-10]10  Yield of crude 4a,b: ˜90%; since both compounds 
are extremely malodorous oils, we refrained from further purification. 
Data for 4a: 1H NMR 
(CDCl3, 500.14 MHz): δ = 0.17 (s, SiMe3), 
5.33 (d, 2
            J
            H,P = 1.2 
Hz, HCC≡C), 7.23-7.70 (m, 5 HPh). 13C{1H} NMR 
(CDCl3, 50.32 MHz): δ = 0.2 (s, SiMe3), 
64.4 (s, HCC≡C), 88.21 (d, J
            C,P = 10.6 Hz) and 88.63 
(d, J
            C,P = 5.0 Hz) 
(C≡C). 
This product was isolated as a 6.2:1 mixture (31P 
NMR) with 5a [δ(1H) = 0.43 
(d, 5
            J
            H,P = 1.5, 
SiMe3); δ(13C) = 1.8 
(d, 4
            J
            C,P = 9.1, 
SiMe3), 198.0 (3
            J
            C,P = 17.4, 
CHO); δ(31P) = 3.4].
Data 
for 4b: IR (film): 1679 m, 1599 m, 1251 
vs, 1065 vs, 868 vs, 844 vs, 754 m cm-1. 1H 
NMR (CDCl3, 200.13 MHz): δ = 0.16 (s, 
9 H, SiMe3), 0.90-1.15 (dt, 6 H, CH2CH
            3), 1.30-1.70 (m, 
4 H, PCH2), 4.78 (d, J
            H,P = 5.0 
Hz, HCC≡C), 7.15-7.40 (m, 5 HPh). 13C{1H} NMR 
(CDCl3, 50.32 MHz): δ = 0.09 (s, SiMe3), 
9.85 and 9.95 (each  d, J
            C,P = 15.1 
Hz, CH2CH3), 16.4 (d, J
            C,P = 15.1 
Hz, PCH2), 16.7 (d, J
            C,P = 14.1 Hz, 
PCH2), 61.9 (d, J
            C,P = 11.6 
Hz, HCC≡C), 87.2 (s) and 87.9 
(d, J
            C,P = 4.0 Hz) 
(C≡C). 
This product was isolated as a 94:6 mixture (31P 
NMR) with 5b [δ(1H) = 0.32 
(d, 5
            J
            H,P = 1.6 Hz, 
SiMe3); δ(13C) = 2.3 
(d, 4
            J
            C,P = 10.7 
Hz, SiMe3)].
[bookmark: RG16702ST-11]11  Allene 6 was 
obtained as an oil (˜97% purity by 31P 
NMR) which could not be purified further by chromatography or vacuum 
distillation without decomposition. 1H NMR (CDCl3, 
500.14 MHz): δ = 0.21 (s, 9 H, SiMe3), 
1.04 and 1.42 (each dt, 3 H, PCH2CH3), 1.58-1.74 
(m, 4 H, PCH2), 7.24-7.38 (m, 6 HPh), 
7.61 (dd, 2 HPh), 7.64 (dd, 2HPh).
[bookmark: RG16702ST-12]12  
            
7: colorless 
crystals, mp 89 °C. IR (KBr): 1688 (s, C=O), 1266 
m, 1158 (s, P=O) cm-1. 1H 
NMR (CDCl3, 400.13 MHz): δ = 1.01 (dt, 3
            J
            P,H = 17.0 Hz, 3
            J
            H,H = 7.7 Hz, 3 
H, CH2CH
            3), 1.23 
(dt, 3
            J
            P,H = 17.2 
Hz, 3
            J
            H,H = 7.7 
Hz, 3 H, CH2CH
            3), 
1.49-1.74 (m, 2 H, PCH2), 1.84-2.05 
(m, 2 H, PCH2), 3.80 (mc, 2 H, COCH2), 
3.95 (mc, 1 H, PCH), 7.26-7.55 (m, 8 Harom), 
7.96 (dd, 2 Harom). 13C{1H} NMR 
(CDCl3, 100.61 MHz): δ = 5.88/5.92 
(2 d, J
            P,C = 44.3/44.3 
Hz, PCH2
            CH3), 18.51/19.25 
(2 overlapping d, PCH2), 38.6 (s, COCH2), 
39.1 (d, J
            P,C = 61.4 
Hz, CHPOEt2), 127.2-137.5 (CPh), 
196.9 (d, J
            P,C = 10.2 
Hz, CO). 31P (CDCl3): δ = 54.8. C19H23O2P 
(314.36): calcd C 72.59, H 7.37; found C 72.82, H 7.51.
[bookmark: RG16702ST-14]14  (Z)-8: Colorless oil. IR(film): 1669 (s, C=O), 
1225 (s), 1174 (s, P=O) cm-1. 1H 
NMR (CDCl3, 400.13 MHz): δ = 1.14 (dt, 3
            J
            P,H = 17.4 Hz, 3
            J
            H,H = 7.7 Hz, 6 
H, PCH2CH
            3), 1.80-1.97 (m, 
4 H, POCH2), 7.24 (d, 3
            J
            P,H = 30.5 Hz, 1 
H, COCH=), 7.35-7.60 (3 m, 8 Harom), 
7.97-8.00 (dd, 2 Harom). 13C{1H} NMR 
(CDCl3, 100.61 MHz): δ = 5.67 (d, J
            P,C = 5.3 Hz, PCH2
            CH3), 21.9 (d, J
            P,C = 69.1 Hz, PCH2), 
128.1-128.8 (several C), 133.8 (CH), 137.0, 138.8 (d, J
            P,C = 9.1 Hz), 142.3 
(J
            P,C = 5.4 Hz, COCH=), 145.8, 146.5, 192.9 (d, J
            P,C = 4.9 Hz, C=O). 31P: δ = 46.4. 
C19H21O2P (312.35): calcd C 73.06, 
H 6.78; found C 72.68, H 6.94. (E)-8: Colorless crystals, mp 80 °C. 
IR (solid, ATR): 1659 (s, C=O), 1254 (s), 1188 (s, P=O) 
cm-1. 1H NMR (CDCl3, 
400.13 MHz): δ = 1.25 (dt, 3
            J
            P,H = 16.9 Hz, 3
            J
            H,H = 7.6 Hz, 6 
H, PCH2CH
            3), 1.67-1.86 
(m, 4 H, POCH2), 7.09-7.52 (4 m, 8 Harom), 
7.82 (d, 3
            J
            P,H = 17.8 
Hz, 1 H, COCH=), 7.87 (dd, 2 Harom). 13C{1H} NMR 
(CDCl3, 100.61 MHz): δ = 5.42 (d, J
            P,C = 5.7 Hz, PCH2
            CH3), 19.6 (d, J
            P,C = 69.8 Hz, PCH2), 
127.6-128.9 (several C), 133.5 (CH), 134.9 (d, J
            P,C = 9.1 Hz), 136.6, 140.3 
(J
            P,C = 5.7 Hz, COCH=), 145.8, 146.5, 191.9 (d, J
            P,C = 14.8 Hz, C=O). 31P: δ = 44.2. 
C19H21O2P (312.35): calcd C 73.06, 
H 6.78; found C 73.11, H 6.83.
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