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Chemical Properties of Pyrroles
Electrophilic Substitution.

A significant feature of the pi excessive• ring systems is that they are highly reactive to
electrophilic

species, totally unlike the pi-deficient rings.
The reactivity is greater than that of benzene and

is in roughly the same range as found for
benzenes bearing electron releasing groups as
in aniline.

As a result, many useful substitution reactions
are known for these heterocycles.



 

• For all three heterocycles, electrophilic attack
is

   favored at the alpha carbon of the ring. An
attack at this position leads to an intermediate
whose positive charge can be dispersed to all
other ring positions; charge dispersal of course
is a well-known stabilizing effect. The charge
dispersal is shown in Scheme 7.2 with the use
of resonance

structures.



 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

Vilsmeier–Haack Formylation with N,N-
Dimethylformamide. Inthe presence of phosphorus
oxychloride (POCl3), the— CHO group of N,N-
dimethylformamide can be attached to the pyrrole ring
(Scheme 7.7). This is a highly useful process for the
synthesis of pyrrole aldehydes, which are precursors of
pyrrole acids by oxidation, of pyrryl carbinols by
reductions with LiAlH4, and of other products(Scheme
7.7).

 



 

 



 

 



Basic and Acidic Properties of Pyrroles.
• The low electrondensity at nitrogen in

pyrroles make them weak bases (for
pyrrole,Kb about 10−17; cf. to noncyclic
amines at about 10−5),

•  it is not possible to make salts of pyrroles
with aqueous acids.

• In fact, as willbe shown next, protonation
takes place on carbon, not on nitrogen.

• pyrroles do not form quaternary salts with
alkylating agents, or amine oxides with



 

• When pyrrole is heated with strong acids, a
crystalline compound is

• formed that contains three pyrrole units. Its
structure has been established as 7.4. Strong
acids can also cause the undesirable
formation

 of polymeric products from pyrrole.
These processes depend on the protonation of

carbon of the ring, not of nitrogen.
 



Benzo Derivatives of Pyrroles
(Indoles)

• The indole family is one of the most important
of all heterocyclic families, and the chemistry
of this system is vast.

• Many natural products and synthetic
medicinals contain this nucleus.

• Electrophilic substitutions occur readily with
an attack on the electron-rich pyrrole moiety
rather than the benzene ring. The 3-position is
entered in preference to the 2-position, but if
the 3-



 

 



 

 



 

 



 

 


