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Chapter 6 Five-Membered Ring Systems 
6.1 Pyrroles 
6.1.1 Introduction 
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6.1.2 Ring Synthesis 
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Paal-Knorr pyrrole synthesis 
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Hantzsch pyrrole synthesis 
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Pyrroles by 1,3-dipolar cycloaddition 
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Pyrroles by Diels-Alder cycloaddition and ring contraction. 
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Synthesis of pyrroles from oximes and acetylene. 
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6.1.3 Acidity and metallation reactions 
 
 
6.1.4 Substitution at nitrogen 
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Intermediates in the electrophilic substitution of pyrrole 
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Vilsmeier-Haack reaction of pyrrole. 
 

Table.  Electrophilic substitution of pyrrole                                              
FG introduced  Reagents & condition       Product          
NO2     HNO3, (MeCO) 2O, 20oC      2- and 3- (14:1) 
Cl     SO2Cl2, ether         2- and 2,5- 
Br     NBS          2- 
CHO    Me2NCHO         2- 
COMe    MeC=N+Me, BF4

- then H2O      2- 
COCH2Cl   Me2NCOCH2Cl, POCl3      2- 
CH2CH2COMe  H2C=CHCOMe, BF3       2- and 2,5- 
CH2NMe2   CH2O, Me2NH, H+       2- 
SO3H    SO3-Py, 100oC        2- 
MeS    MeSCl, K2CO3        2- and 2,5- 
N=NPh    PhN2

+Cl-          2-              
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Ehrlich test for pyrroles 
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Tetraphenylporphyrin from pyrrole and benzaldehyde. 
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3-Substitution via 1-triisopropylsilylpyrrole. 
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t-Butyl pyrrole-2-acetate from pyrrylmagnesium chloride 
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Substitution of 2-metallated pyrroles. 
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Free-radical substitution of pyrrole. 
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6.1.6 Addition and cycloaddition reactions 
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Photoaddition of acetone to 1-methylpyrrole 
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Reaction of 2,5-dimethylpyrrole with dichlorocarbene 

 
6.1.7 Properties of substituted pyrroles 
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6.1.8 Porphyrins and related pyrrolic natural products 
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6.2 Furans 
6.2.1 Introduction 
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Paal-Knorr furan synthesis 
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Two routes to 2,3-disubstituted furans. 
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6.2.3 Reactions with electrophiles 
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Nitration of furan 
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Reaction of 2-trimethylsilyloxyfuran with a chiral aldehyde 
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Directed lithiation. 

6.2.4 Radical substitution and nucleophilic substitution 
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Formation and reaction of the 46 
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Intrmolecular Diels-Alder reaction 
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Cycloaddition of furan to an oxallyl cation. 
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Cycloaddition reaction – furan acts as a 2π component. 

 


