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Abstract—N-Primary-alkyl amides RCONHR1 were obtained by a Ritter-type reaction of nitriles RCN with lower primary
alkanols R1OH or their esters in the presence of acids. © 2002 Elsevier Science Ltd. All rights reserved.

Scheme 1.

The Ritter reaction in its original version involves
electrophilic alkylation of nitriles with carbenium ions
generated from olefins, or tertiary or secondary alco-
hols in the presence of acids, and results in N-mono-
substituted amides.1–3 Applicability of this reaction to
primary alcohols has been limited to those capable of
producing fairly stable carbenium ions, for example
benzylic alcohols4 and adamantyl carbinols.5 Inability
of primary alkanols to participate in the ‘classic’ Ritter
reaction has been confirmed in a number of
publications1,3,6 and is currently considered common
knowledge.7 Therefore, several alternative Ritter-type
methodologies for introduction of a primary alkyl
group have been developed which involve strong alkyl-
ating agents.6,8

Our primary goal was to find an economical method
for the conversion of nitrile 1a into the corresponding
N-monosubstituted amide 2a–a commercially impor-
tant compound possessing a physiological cooling
effect.9 A direct Ritter-type reaction certainly appeared
the shortest and most attractive approach (Scheme 1).
First, we attempted to apply the very original Ritter
procedure2 consisting of heating nitriles with alcohols
and sulfuric acid in glacial acetic acid medium. The
reaction gave only a negligible amount of amide 2a
(Table 1, entry 1), nevertheless encouraged us to extend
the search to other sets of conditions and substrates.
Surprisingly, simple treatment of nitrile 1a with excess
amounts of methanol and concentrated sulfuric acid
showed a 60–70% conversion into amide 2a (entries

2–4). Functionally substituted analogs of 1a-nitriles
1b,c were converted into the corresponding amides 2b,c
similarly (entries 5–7). Practically no alkyl exchange
was observed: in the reaction of nitrile 1c with
methanol only ethoxycarbonyl N-methylamide 2c-Me
was obtained.

The carbenium ion intermediacy in these reactions
could be ruled out for obvious reasons. We assumed
that the reactive intermediate is monomethyl sulfate
MeHSO4 reversibly formed in situ from MeOH and
sulfuric acid. The water formed could have been con-
sumed through the formation of a by-product N-
unsubstituted amide (see footnote c to Table 1).

Indeed, a reaction of nitrile 1a with a quadruple excess
of MeHSO4 obtained from equimolar amounts of
Me2SO4 and H2SO4 in entry 8 gave a significantly
better yield of amide 2a compared to the entries 2–4.
Further yield improvement was achieved by substitu-
tion of polyphosphoric acid for sulfuric acid in entry 9.
In this case, a variety of acid alkyl phosphates and
polyphosphates can be considered the reactive species.
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Table 1. The Ritter reaction of nitriles with primary alkanols or their esters in the presence of acidsa
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In the case of MeOH and an excess of chlorosulfonic
acid (entry 10), the reactive intermediate is probably
methyl chlorosulfate MeOSO2Cl (see Ref. 10).

In a further modification of the method, various alkyl
esters were successfully used as the donors of the alkyl
group in combinations with sulfuric, polyphosphoric,
and methanesulfonic acid (entries 11–16). In the latter
case, the most likely reactive species is methyl mesylate.

Table 1 illustrates numerous available options for the
economical and relatively environmentally benign con-
version of nitrile 1a into N-methylamide 2a. Although
this study has been originally focused at the nitriles
with a quaternary �-carbon, the resulting method is not
limited to only this family of substrates. Thus, menthyl-
nitrile 1d was successfully converted into the corre-
sponding N-ethylamide 2d in entries 17 and 18. An
isomeric neo-menthyl nitrile 1e gave a good yield of the
same amide 2d, apparently due to a rapid epimerization
at the �-carbon (entry 19). Benzonitrile gave N-methyl-
benzamide in a good yield (entry 20). The synthetic
applicability of the method to �-unbranched nitriles
warrants further investigation (see entry 21).

There is not enough data yet for a discussion of the
intimate mechanism of the reaction between the esters
and nitriles in acidic medium at elevated temperatures.
However, based on the generally accepted model for
the Ritter-type processes,1 we can assume that the
protonated ester reacts with the nitrile producing an
imidate intermediate RC(OX)=NR1. The latter is fur-
ther converted into the N-substituted amide during the
hydrolytic work-up. The role of acids in the reaction
may not be limited to the protonation only: they also
serve as solvents, especially when taken in excess with
respect to the other reagents.11

In a typical procedure, alcohol or ester was carefully
added to an acid (CAUTION: exothermic reaction,
especially with alcohols), followed by the addition of
the nitrile.12 The resulting mixture was stirred under
conditions specified in Table 1 and periodically sampled
for GLC analysis. Upon completion, the reaction mix-
ture was cooled, carefully quenched with water, neu-
tralized with dilute aqueous NaOH, and extracted with
ether or heptane.13 After evaporation of the solvent, the
product was purified by distillation or recrystalliza-
tion.14,15

In summary, we have developed a simple and efficient
procedure for obtaining N-primary-alkyl amides by a
Ritter-type reaction of nitriles with lower primary alka-
nols or their esters in acidic medium.
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