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Abstract

An atom-economic solvent-free synthesis of amides by the Ritter reaction of alcohols and nitriles under microwave irradiation is
reported. This green protocol is catalyzed by solid-supported Nafion�NR50 with improved efficiency and reduced waste production.
� 2008 Elsevier Ltd. All rights reserved.
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Amides are common moieties in naturally occurring
substances like peptides and proteins and are also found
in various synthetic materials.1,2 This makes the amide
functionality an important building block in synthetic
chemistry and many methods for its synthesis were
reported in the literature.1 In general, amides are formed
by the condensation of carboxylic acid and amines, using
various coupling agents.3 Although good results were
obtained using this protocol, the reaction conditions were
very harsh. In 1948, Ritter reported the efficient synthesis
of amide by the reaction of alkenes with nitriles,4 in which
alcohols can also be used instead of alkenes.5,6 In recent
years, several alternative methodologies have been devel-
oped for Ritter reaction using sulfuric and other acid cata-
lysts,7–10 metal complexes,11 trifluoromethanesulfonic
anhydride,12 and boron trifluoride etherate.13 The main
disadvantages of these methods are the use of toxic cata-
lysts or corrosive acids.

Use of solid-supported acids, such as silica-sulfuric acid,
P2O5/SiO2,10 and Cs2.5H0.5PW12O40, was also made for this
reaction;14 however, reuse of these catalysts is not possible.
Olah et al. in 1987 reported the use of Nafion-H as an effi-

cient catalyst for the Ritter reaction.15 This is an excellent
protocol in terms of catalyst reusability and product yield;
however, harsh reaction conditions, longer reaction time,
and the use of excessive nitrile make this method non-sus-
tainable. In view of the emerging interest in microwave
chemistry,16,17 and in keeping with our emphasis on the
development of green synthetic methods,17,18 we revisited
this protocol. The primary objective of this project was
to find an economical and greener method for the conver-
sion of nitrile into the corresponding N-monosubstituted
amide, and herein we report Nafion�NR5018a,19-catalyzed
atom-economic solvent-free Ritter reaction under micro-
wave (MW) irradiation (Scheme 1).

After screening a range of MW power, reaction temper-
ature, and time, and exploring the scope of various sol-
vents, we found that the solid-supported Nafion�NR50
was the most efficient catalyst for Ritter protocol at
130 �C under MW irradiation (200 W), in the absence of
any solvent. The efficiency of this protocol was then studied
for the synthesis of various amides, and the results are
summarized in Table 1.

Various alcohols reacted efficiently with nitriles to afford
the corresponding amides in good yields (entries 1–15). The
generality and scope of this protocol was evaluated for a
wide range of alcohols, bearing both electron withdrawing
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Scheme 1. Nafion�NR50-catalyzed solvent-free Ritter reaction under MW irradiation.

Table 1
Nafion�NR50-catalyzed Ritter synthesis of amides under MW irradiationa

Entry Nitrile Alcohol Product Yieldb (%)
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