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This account highlights the role of restricted bond rotations in influencing the excited-state reactivity of organic molecules. It highlights the photochemical reactivity of various organic molecules and the design strategies that could be exploited by chemists to utilize restricted bond rotations to uncover new excited-state reactivity and to achieve selectivity.

          
1	Introduction.

          
2	NEER-Principle and Restricted Bond Rotations in the Excited State

          
3	[2+2]-Photocycloaddition of Enamides

          
4	[3+2]-Photocycloaddition vs. Paternò–Büchi Reaction of Enamides

          
5	Divergent Photoreactivity of Enones Dictated by Restricted Bond Rotations: Norrish–Yang reactions vs. 6π-Photocyclization

          
6	Divergent Photoreactivity of Imides with Alkenes: [2+2]-Photocycloaddition vs. Photoene Reaction

          
7	Summary and Outlook

        

      


        

Key words

        photocycloaddition - 
        axial chiral transfer - 
        excited-state reactivity - 
        photocatalysis - 
        energy transfer catalysis
      






Publication History

Received: 23 January 2022


Accepted after revision: 02 March 2022


Accepted Manuscript online:
02 March 2022


Article published online:
19 May 2022



© 2022. Thieme. All rights reserved

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany


 




	
References




	
1a Present address: University of Southern California, CA 90089, USA 









	
1b Present address: University of Pennsylvania, PA 19104, USA 









	
1c Present address: LANXESS corporation, CT 06770, USA 











      
	
2 
          
            Lehn J.-M. 
          
        Supramolecular Chemistry: Concepts and Perspectives. VCH; Weinheim: 1995 





CrossrefGoogle Scholar





	
3 
          
            Breslow R, 
          
          
            Zhang BL. 
          
        J. Am. Chem. Soc. 1992; 114: 5882 





Crossref





	
4 
          
            Ramamurthy V. 
          
        Photochemistry in Organized and Constrained Media. Wiley-VCH; New York: 1991 





Google Scholar





	
5 
          
            Skene WG, 
          
          
            Couzigné E, 
          
          
            Lehn J.-M. 
          
        Chem. Eur. J. 2003; 9: 5560 





CrossrefPubMed





	
6 
          
            Turro NJ, 
          
          
            Garcia-Garibay M. 
          
        In, Photochemistry in Constrained Media
        . 
            
              Ramamurthy V. 
            
          VCH Publishers, Inc; Weinheim: 1991 





Google Scholar





	
7 
          
            Clayden J. 
          
        Angew. Chem. Int. Ed. 1997; 36: 949 





Crossref





	
8 
          
            Curran DP, 
          
          
            Qi H, 
          
          
            Geib SJ, 
          
          
            DeMello NC. 
          
        J. Am. Chem. Soc. 1994; 116: 3131 





Crossref





	
9 
          
            Kumarasamy E, 
          
          
            Ayitou AJ.-L, 
          
          
            Vallavoju N, 
          
          
            Raghunathan R, 
          
          
            Iyer A, 
          
          
            Clay A, 
          
          
            Kandappa SK, 
          
          
            Sivaguru J. 
          
        Acc. Chem. Res. 2016; 49: 2713 





CrossrefPubMed





	
10 
          
            Kumarasamy E, 
          
          
            Raghunathan R, 
          
          
            Sibi MP, 
          
          
            Sivaguru J. 
          
        Chem. Rev. 2015; 115: 11239 





CrossrefPubMed





	
11 
          
            Smyth JE, 
          
          
            Butler NM, 
          
          
            Keller PA. 
          
        Nat. Prod. Rep. 2015; 32: 1562 





CrossrefPubMed





	
12 
          
            Doyle AG, 
          
          
            Jacobsen EN. 
          
        Chem. Rev. 2007; 107: 5713 





CrossrefPubMed





	
13 
          
            Xu H, 
          
          
            Zuend SJ, 
          
          
            Woll MG, 
          
          
            Tao Y, 
          
          
            Jacobsen EN. 
          
        Science 2010; 327: 986 





CrossrefPubMed





	
14 
          
            Vallavoju N, 
          
          
            Selvakumar S, 
          
          
            Jockusch S, 
          
          
            Prabhakaran MT, 
          
          
            Sibi MP, 
          
          
            Sivaguru J. 
          
        Adv. Synth. Catal. 2014; 356: 2763 





CrossrefPubMed





	
15 
          
            Vallavoju N, 
          
          
            Selvakumar S, 
          
          
            Jockusch S, 
          
          
            Sibi MP, 
          
          
            Sivaguru J. 
          
        Angew. Chem. Int. Ed. 2014; 53: 5604 





CrossrefPubMed





	
16 
          
            Raghunathan R, 
          
          
            Jockusch S, 
          
          
            Sibi MP, 
          
          
            Sivaguru J. 
          
        J. Photochem. Photobiol. A: Chem. 2016; 331: 84 





Crossref





	
17 
          
            Turro NJ, 
          
          
            Ramamurthy V, 
          
          
            Scaiano JC. 
          
        In 
          Modern Molecular Photochemistry of Organic Molecules
        . University Science Books; Sausalito: 2010: 319-382 





Google Scholar





	
18 
          
            Turro NJ, 
          
          
            Ramamurthy V, 
          
          
            Scaiano JC. 
          
        In 
          Modern Molecular Photochemistry of Organic Molecules
        . University Science Books; New York: 2010: 629-704 





Google Scholar





	
19 
          
            Turro NJ, 
          
          
            Ramamurthy V, 
          
          
            Scaiano JC. 
          
        In 
          Modern Molecular Photochemistry of Organic Molecules
        . University Science Books; Sausalito: 2010: 801-845 





Google Scholar





	
20 
          
            Skubi KL, 
          
          
            Blum TR, 
          
          
            Yoon TP. 
          
        Chem. Rev. 2016; 116: 10035 







	
21 
          
            Wen S, 
          
          
            Boyce JH, 
          
          
            Kandappa SK, 
          
          
            Sivaguru J, 
          
          
            Porco JA. 
          
        J. Am. Chem. Soc. 2019; 141: 11315 





CrossrefPubMed





	
22 
          
            Bach T, 
          
          
            Hehn JP. 
          
        Angew. Chem. Int. Ed. 2011; 50: 1000 





CrossrefPubMed





	
23 
          
            Kumarasamy E, 
          
          
            Raghunathan R, 
          
          
            Kandappa SK, 
          
          
            Sreenithya A, 
          
          
            Jockusch S, 
          
          
            Sunoj RB, 
          
          
            Sivaguru J. 
          
        J. Am. Chem. Soc. 2017; 139: 655 





CrossrefPubMed





	
24 
          
            Kumarasamy E, 
          
          
            Kandappa SK, 
          
          
            Raghunathan R, 
          
          
            Jockusch S, 
          
          
            Sivaguru J. 
          
        Angew. Chem. Int. Ed. 2017; 56: 7056 





CrossrefPubMed





	
25 
          
            Le Bel JA. 
          
        Bull. Soc. Chim. (Paris) 1874; 22: 337 









	
26 
          
            van’t Hoff JH. 
          
        Die Lagerung der Atome im Raume, 2nd ed.. 2nd ed.. Vieweg; Braunschweig: 1894: 30 





Google Scholar





	
27 
          
            Inoue Y. 
          
        Chem. Rev. 1992; 92: 741 





Crossref





	
28 
          
            Kuhn W, 
          
          
            Braun E. 
          
        Naturwissenschaften 1929; 17: 227 





Crossref





	
29 
          
            Balavoine G, 
          
          
            Moradpour A, 
          
          
            Kagan HB. 
          
        J. Am. Chem. Soc. 1974; 96: 5152 





CrossrefPubMed





	
30 
          
            Blackmond DG. 
          
        Cold Spring Harb Perspect Biol 2010; 2: a002147 





CrossrefPubMed





	
31 
          
            Breslow R. 
          
        Tetrahedron Lett. 2011; 52: 2028 





Crossref





	
32 
          
            Rau H. 
          
        Chem. Rev. 1983; 83: 535 





Crossref





	
33 
          
            Inoue Y, 
          
          
            Ramamurthy V. 
          
        
          Chiral Photochem.
        . CRC Press; Boca Raton: 2004 





CrossrefGoogle Scholar





	
34 
          
            Koch H, 
          
          
            Runsink J, 
          
          
            Scharft HD. 
          
        Tetrahedron Lett. 1983; 24: 3217 





Crossref





	
35 
          
            Runsink J, 
          
          
            Koch H, 
          
          
            Nehrings A, 
          
          
            Scharf H.-D, 
          
          
            Nowack E, 
          
          
            Hahn T. 
          
        J. Chem. Soc., Perkin Trans. 2 1988; 49 





Crossref





	
36 
          
            Inoue Y, 
          
          
            Yokoyama T, 
          
          
            Yamasaki N, 
          
          
            Tai A. 
          
        J. Am. Chem. Soc. 1989; 111: 6480 





Crossref





	
37 
          
            Inoue Y, 
          
          
            Tsuneishi H, 
          
          
            Hakushi T, 
          
          
            Tai A. 
          
        J. Am. Chem. Soc. 1997; 119: 472 





Crossref





	
38 
          
            Hoffmann R, 
          
          
            Inoue Y. 
          
        J. Am. Chem. Soc. 1999; 121: 10702 





CrossrefPubMed





	
39 
          
            Müller C, 
          
          
            Bauer A, 
          
          
            Maturi MM, 
          
          
            Cuquerella MC, 
          
          
            Miranda MA, 
          
          
            Bach T. 
          
        J. Am. Chem. Soc. 2011; 133: 16689 





CrossrefPubMed





	
40 
          
            Ramamurthy V, 
          
          
            Sivaguru J. 
          
        Chem. Rev. 2016; 116: 9914 





CrossrefPubMed





	
41 
          
            Gamlin JN, 
          
          
            Jones R, 
          
          
            Leibovitch M, 
          
          
            Patrick B, 
          
          
            Scheffer JR, 
          
          
            Trotter J. 
          
        Acc. Chem. Res. 1996; 29: 203 





Crossref





	
42 
          
            Toda F. 
          
        Acc. Chem. Res. 1995; 28: 480 





Crossref





	
43 
          
            Vallavoju N, 
          
          
            Sivaguru J. 
          
        Chem. Soc. Rev. 2014; 43: 4084 





CrossrefPubMed





	
44 
          
            Dotson JJ, 
          
          
            Perez-Estrada S, 
          
          
            Garcia-Garibay MA. 
          
        J. Am. Chem. Soc. 2018; 140: 8359 





CrossrefPubMed





	
45 
          
            Kuzmanich G, 
          
          
            Xue J, 
          
          
            Netto-Ferreira J.-C, 
          
          
            Scaiano JC, 
          
          
            Platz M, 
          
          
            Garcia-Garibay MA. 
          
        Chem. Sci. 2011; 2: 1497 





Crossref





	
46 
          
            Havinga E, 
          
          
            Schlatmann JL. M. A. 
          
        Tetrahedron 1961; 16: 146 





Crossref





	
47 
          
            Vroegop PJ, 
          
          
            Lugtenburg J, 
          
          
            Havinga E. 
          
        Tetrahedron 1973; 29: 1393 





Crossref





	
48 
          
            Saltiel J, 
          
          
            Tarkalanov N, 
          
          
            Sears JD. F. 
          
        J. Am. Chem. Soc. 1995; 117: 5586 





CrossrefPubMed





	
49 
          
            Ayitou AJ.-L, 
          
          
            Sivaguru J. 
          
        J. Am. Chem. Soc. 2009; 131: 5036 





CrossrefPubMed





	
50 
          
            Ayitou AJ.-L, 
          
          
            Sivaguru J. 
          
        Chem. Commun. 2011; 47: 2568 





CrossrefPubMed





	
51 
          
            Ayitou AJ.-L, 
          
          
            Vallavoju N, 
          
          
            Ugrinov A, 
          
          
            Sivaguru J. 
          
        Photochem. Photobiol. Sci. 2011; 10: 1380 





CrossrefPubMed





	
52 
          
            Ayitou AJ.-L, 
          
          
            Clay A, 
          
          
            Kumarasamy E, 
          
          
            Jockusch S, 
          
          
            Sivaguru J. 
          
        Photochem. Photobiol. Sci. 2014; 13: 141 





CrossrefPubMed





	
53 
          
            Ayitou AJ. L, 
          
          
            Fukuhara G, 
          
          
            Kumarasamy E, 
          
          
            Inoue Y, 
          
          
            Sivaguru J. 
          
        Chem. Eur. J. 2013; 19: 4327 





CrossrefPubMed





	
54 
          
            Ayitou AJ.-L, 
          
          
            Jesuraj JL, 
          
          
            Barooah N, 
          
          
            Ugrinov A, 
          
          
            Sivaguru J. 
          
        J. Am. Chem. Soc. 2009; 131: 11314 





CrossrefPubMed





	
55 
          
            Jesuraj JL, 
          
          
            Sivaguru J. 
          
        Chem. Commun. 2010; 46: 4791 





CrossrefPubMed





	
56 
          
            Kumarasamy E, 
          
          
            Jesuraj JL, 
          
          
            Omlid JN, 
          
          
            Ugrinov A, 
          
          
            Sivaguru J. 
          
        J. Am. Chem. Soc. 2011; 133: 17106 





CrossrefPubMed





	
57 
          
            Raghunathan R, 
          
          
            Kumarasamy E, 
          
          
            Iyer A, 
          
          
            Ugrinov A, 
          
          
            Sivaguru J. 
          
        Chem. Commun. 2013; 49: 8713 





CrossrefPubMed





	
58 
          
            Iyer A, 
          
          
            Jockusch S, 
          
          
            Sivaguru J. 
          
        J. Phys. Chem. A 2014; 118: 10596 





CrossrefPubMed





	
59 
          
            Raghunathan R, 
          
          
            Kumarasamy E, 
          
          
            Jockusch S, 
          
          
            Ugrinov A, 
          
          
            Sivaguru J. 
          
        Chem. Commun. 2016; 52: 8305 





CrossrefPubMed





	
60 
          
            Kumarasamy E, 
          
          
            Raghunathan R, 
          
          
            Jockusch S, 
          
          
            Ugrinov A, 
          
          
            Sivaguru J. 
          
        J. Am. Chem. Soc. 2014; 136: 8729 





CrossrefPubMed





	
61 
          
            Kumarasamy E, 
          
          
            Sivaguru J. 
          
        Chem. Commun. 2013; 49: 4346 





CrossrefPubMed





	
62 
          
            Kandappa SK, 
          
          
            Kumarasamy E, 
          
          
            Singathi R, 
          
          
            Valloli LK, 
          
          
            Ugrinov A, 
          
          
            Sivaguru J. 
          
        Photochem. Photobiol. 2021; 97: 1391 





CrossrefPubMed





	
63 
          
            Vallavoju N, 
          
          
            Sreenithya A, 
          
          
            Ayitou AJ. L, 
          
          
            Jockusch S, 
          
          
            Sunoj RB, 
          
          
            Sivaguru J. 
          
        Chem. Eur. J. 2016; 22: 11339 





CrossrefPubMed





	
64 
          
            Ahuja S, 
          
          
            Raghunathan R, 
          
          
            Kumarasamy E, 
          
          
            Jockusch S, 
          
          
            Sivaguru J. 
          
        J. Am. Chem. Soc. 2018; 140: 13185 





CrossrefPubMed





	
65 
          
            Ahuja S, 
          
          
            Jockusch S, 
          
          
            Ugrinov A, 
          
          
            Sivaguru J. 
          
        Eur. J. Org. Chem. 2020; 1478 





Crossref





	
66 
          
            Ninomiya I, 
          
          
            Naito T, 
          
          
            Mori T. 
          
        J. Chem. Soc., Perkin Trans. 1 1973; 505 





Crossref





	
67 
          
            Yang NC. 
          
        Photochem. Photobiol. 1968; 7: 767 





Crossref





	
68 
          
            Yang N.-C, 
          
          
            Loeschen RL, 
          
          
            Mitchell D. 
          
        J. Am. Chem. Soc. 1967; 89: 5465 





Crossref





	
69 
          
            Paternò E, 
          
          
            Chieffi G. 
          
        Gazz. Chim. Ital. 1909; 39: 341 





Article in Thieme Connect





	
70 
          
            Mori T. 
          
        Synlett 2020; 31: 1259 





Article in Thieme ConnectPubMed





	
71 
          
            Nagasaki K, 
          
          
            Inoue Y, 
          
          
            Mori T. 
          
        Angew. Chem. Int. Ed. 2018; 57: 4880 





CrossrefPubMed





	
72 
          
            Uppili S, 
          
          
            Takagi S, 
          
          
            Sunoj RB, 
          
          
            Lakshminarasimhan P, 
          
          
            Chandrasekhar J, 
          
          
            Ramamurthy V. 
          
        Tetrahedron Lett. 2001; 42: 2079 





Crossref





	
73 
          
            Wagner PJ, 
          
          
            Kemppainen AE, 
          
          
            Schott HN. 
          
        J. Am. Chem. Soc. 1973; 95: 5604 





Crossref





	
74 
          
            Jia J, 
          
          
            Steinmetz MG, 
          
          
            Shukla R, 
          
          
            Rathore R. 
          
        Tetrahedron Lett. 2008; 49: 4621 





CrossrefPubMed





	
75 
          
            Poplata S, 
          
          
            Tröster A, 
          
          
            Zou Y.-Q, 
          
          
            Bach T. 
          
        Chem. Rev. 2016; 116: 9748 





CrossrefPubMed





	
76 
          
            Turro NJ, 
          
          
            Ramamurthy V, 
          
          
            Scaiano JC. 
          
        In 
          Modern Molecular Photochemistry of Organic Molecules
        . University Science Books; Sausalito: 2010: 705-799 





Google Scholar





	
77 
          
            Evans DA, 
          
          
            Tregay SW, 
          
          
            Burgey CS, 
          
          
            Paras NA, 
          
          
            Vojkovsky T. 
          
        J. Am. Chem. Soc. 2000; 122: 7936 





Crossref





	
78 
          
            Oppolzer W, 
          
          
            Snieckus V. 
          
        Angew. Chem. Int. Ed. 1978; 17: 476 





Crossref





	
79 
          
            Andrew D, 
          
          
            Hastings DJ, 
          
          
            Oldroyd DL, 
          
          
            Rudolph A, 
          
          
            Weedon AC, 
          
          
            Wong DF, 
          
          
            Zhang B. 
          
        Pure Appl. Chem. 1992; 64: 1327 





CrossrefPubMed





	
80 
          
            Kandappa SK, 
          
          
            Valloli LK, 
          
          
            Ahuja S, 
          
          
            Parthiban J, 
          
          
            Sivaguru J. 
          
        Chem. Soc. Rev. 2021; 50: 1617 





CrossrefPubMed





	
81 
          
            Kandappa SK, 
          
          
            Valloli LK, 
          
          
            Jockusch S, 
          
          
            Sivaguru J. 
          
        J. Am. Chem. Soc. 2021; 143: 3677 





CrossrefPubMed





	
82 
          
            Baburaj S, 
          
          
            Valloli LK, 
          
          
            Parthiban J, 
          
          
            Garg D, 
          
          
            Sivaguru J. 
          
        Chem. Commun. 2022; 58: 1871 





CrossrefPubMed










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 54.163.25.51
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  