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- Cycloadditions 
-  Diels-Alder Reactions 

-  Lewis Base 
-  Brønsted Base 
-  Organic Bifunctional Acids 
- Organic Brønsted Acids 

-  1,3 Dipolar Cycloadditions 
-  [2+2] Cycloadditions 

- Electrocyclic Reactions 
-  Nazarov Cyclizations 

- Sigmatropic Rearrangements  
-  Claisen Rearrangements 
-  Aza-Cope Rearrangements 

- Group transfer reactions 
-  Ene Reactions 



Pericyclic Reactions	
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Reactions with a cyclic transition state that involves all σ and π-bonds to  
simultaneously break & form concertedly 

 
 
 
 

Four classes of pericyclic reactions: 
 

Cycloadditions  

Electrocyclic reactions 

Sigmatropic rearrangements  

Group transfer reactions 



Cycloaddition	
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Two components coming together to form 2 new sigma-bonds, at the end of both  
components, joining them together to form a ring 
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Diels-Alder Reaction	
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Cycloaddition	
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Diels-Alder Reaction: Different types	
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Catalysis by:  

 

1.  Lewis Bases 

1.  Iminium Activation 

2.  Enamine Activation 

2.  Brønsted Bases 

3.  Organic Bifunctional Catalysts 

4.  Organic Brønsted Acids 



Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #1	
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Ahrendt, K.A. et al. JACS 2000, 122, 4243. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703.. 
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Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #1	
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Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #2	
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Wilson, R. et al. JACS 2005, 127, 11616. 
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Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #3	
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Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #4	
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Gilmour, R. et al. Chem Commun. 2007, 3954. 
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Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #5	
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Gotoh, H. et al. Org. Lett. 2007, 9, 2859. 
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Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #6	
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Bonini, B.F. et al. Tet. Asym. 2006, 17, 3135 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #7	
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Lemay, M. et al. Org. Lett. 2005, 7, 4141. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #8	
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Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #8	
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Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #9	
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Sakakura, A. et al. Org. Lett. 2006, 8, 2229. 
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Diels-Alder Reaction: Lewis Bases - Iminium Activation Ex. #10	
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Diels-Alder Reaction: Lewis Bases - Enamine Activation	
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Diels-Alder Reaction: Lewis Bases - Enamine Activation Ex #1	
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Diels-Alder Reaction: Brønsted Bases Ex. #1	
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Singh, R, P. et al. JACS. 2008, 130, 2422. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



Diels-Alder Reaction: Brønsted Bases Ex. #2	
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Bekele, T. et al. JACS. 2006, 128, 1810. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



Diels-Alder Reaction: Brønsted Bases Ex. #3	
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Leow, D. et al. Chem. Asian J. 2009, 4, 488. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



Diel.s-Alder Reaction: Brønsted Bases Ex. #4	
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Dong, S. et al. JACS. 2010, 132, 10650. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



Diels-Alder Reaction: Organic Bifunctional Catalysts Ex. #1	
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Zea, A. et al. Adv. Synth. Catal. 2010, 352, 1102. 
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Diels-Alder Reaction: Organic Bifunctional Catalysts Ex. #1	
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Diels-Alder Reaction: Organic Bifunctional Catalysts Ex. #2	



1 

Wang, Y. et al. JACS. 2007, 129, 6364. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



Diels-Alder Reaction: Organic Brønsted Acid Ex. #1	
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Huang, Y. et al. Org. Lett. 2003, 42, 146. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



Diels-Alder Reaction: Organic Brønsted Acid Ex. #2	
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Liu, H. et al. Org. Lett. 2006, 8, 6023. 
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Diels-Alder Reaction: Organic Brønsted Acid Ex. #3	
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Itoh, J., et al. Angew. Chem., Int. Ed. 2006, 45, 4796. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



Diels-Alder Reaction: Organic Brønsted Acid Ex. #3	
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Itoh, J., et al. Angew. Chem., Int. Ed. 2006, 45, 4796. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



1,3 Dipolar Cycloaddition	
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1,3 Dipolar Cycloaddition	



1 
Gothelf, K. et al. Chem. Rev. 1998, 98, 863. 



1,3 Dipolar Cycloaddition	



1 
Gothelf, K. et al. Chem. Rev. 1998, 98, 863. 



1,3 Dipolar Cycloaddition	



1 
Gothelf, K. et al. Chem. Rev. 1998, 98, 863. 



1,3 Dipolar Cycloaddition: Ex. #1	
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Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



1,3 Dipolar Cycloaddition: Ex. #2	
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1,3 Dipolar Cycloaddition: Ex. #3	
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Diao, P. et al. Angew. Chem., Int. Ed. 2008, 47, 5168.  
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



1,3 Dipolar Cycloaddition: Ex. #4	
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1,3 Dipolar Cycloaddition: Ex. #5	
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Ibrahem, I. et al. Tet. Lett. 2007, 48, 6252. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



1,3 Dipolar Cycloaddition: Ex. #5	
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[2+2] Cycloaddition	
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[2+2] Cycloaddition	
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[2+2] Cycloaddition: Ex #1	



1 

Hodous, B. L. et al. JACS. 2002, 124, 1578. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703. 



Electrocyclic Reactions	
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Ring closure occurs with formation of a single bond at the ends of a linear 
conjugated system of π electrons and the corresponding reverse reaction  

with ring opening 

Boger, D. Modern Organic Synthesis Lecture Notes 



Nazarov Cyclization	
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O O

R1 R2R1 R2

lewis acid



Nazarov Cyclization	
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Nazarov Cyclization	
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Nazarov Cyclization	
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O O

R1 R2R1 R2

lewis acid



Nazarov Cyclization: Ex. #1	
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O
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X= OH, NHSO2CF3
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O
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O
O
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Rueping, M. et al. Angew. Chem. Int. Ed. 2007, 46, 2097-2100. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703-4832. 

[a] Reaction conditions: 2, 10 mol
% 1, in toluene at 60 ˚C.  
[b] Determined by 1H NMR 
spectroscopy and HPLC analysis.  
[c] Enantiomeric excess (in %) 
determined by HPLC analysis 
(Chiralcel OD-H column). 
[d] Reactions at 0 ˚C, 10 min. 



Nazarov Cyclization: Ex. #1	
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1f Ar= 1-naphthyl
1g Ar = 1-9-phenanthryl

1
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Table 2: Influence of solvents on the enantioselectively of the organocatalytic Nazarov Reaction 

[a] Reaction conditions : 3, 10 
mol % 1 in 2 mL solvent at 0 
8C. 
[b] Yields of isolated product 
after chromatography. 
[c] Determined by 1H NMR 
spectroscopy.  
[d] Determined by HPLC 
analysis (ee value in %).  
[e] Reactions at room 
temperature.  
[f ] 2 mol % catalyst.  
[g] In 1 mL CHCl3. DCE = 1,2-
dichloroethane."

Rueping, M. et al. Angew. Chem. Int. Ed. 2007, 46, 2097-2100.      Moyano, A. et al. Chem. Rev. 2011, 111, 4703-4832. 



Nazarov Cyclization: Ex, #1	
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Table 3: Scope of the enantioselective  
Bronsted acid catalyzed Nazarov cyclization 
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Rueping, M. et al. Angew. Chem. Int. Ed. 2007, 46, 2097-2100. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703-4832. 



Nazarov Cyclization: Ex #1	
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Rueping, M. et al. Angew. Chem. Int. Ed. 2007, 46, 2097-2100. 
Moyano, A. et al. Chem. Rev. 2011, 111, 4703-4832. 



Nazarov Cyclization: Ex #2	



1 Basak, A. K. et al. JACS 2010, 132, 8266.  



Sigmatropic Rearrangement 	
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One σ-bond is changed to another in an intramolecular process, where a substituent 
moves from one part of a π-bonded system to another part 



Sigmatropic Rearrangement 	
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Sigmatropic Rearrangement 	
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Sigmatropic Rearrangement 	
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Catalyzed Claisen Rearrangement: Ex. #1 	
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Moyano, A. et al. Chem. Eur. J. 2010, 16, 5260. 
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Catalyzed Aza-Cope Rearrangement: Ex. #3 	
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Catalyzed Aza-Cope Rearrangement: Ex. #3 	



1 Moyano, A. et al. Chem. Eur. J. 2010, 16, 5260. 



Group Transfer Reactions	
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One π-bond is converted to a σ-bond at the same time that a σ-bond migrates 



Ene Reaction: Ex. #1	
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Ene Reaction: Ex. #1	
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Enes Electrophiles 



Ene Reaction: Ex. #1	
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Ene Reaction: Ex. #2	



1 Evans, A. JACS 2000, 122, 7936. "
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1 Evans, A. JACS 2000, 122, 7936. "


