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ABSTRACT

Awide variety of carboxylic acids in the form of their salts condense with aryl isocyanates at room temperature with loss of carbon dioxide to give
the corresponding amides in high yield. Application of the reaction to acyl isocyanates gives unsymmetric imides. The reaction is compatible with
hydroxyl groups and both Fmoc and Boc protecting groups for amines and is applicable to aliphatic, aromatic, and heteroaromatic acids.

Amide bond formation is, in principle, one of the
simplest chemical transformations requiring only the con-
densation of an amine with a carboxylic acid with the
extrusion of a molecule of water. Yet, it is also one of the
most important of reactions, as amides are important
constituents of many fine chemicals, drugs, chemical inter-
mediates, biopolymers, and polymers. Indeed, amide bond
formation is one of the most common chemical transfor-
mations in the pharmaceutical industry and in scaled up
reactions.1 As such, it is difficult to underestimate the
importance of amides in both the bulk, specialty and
polymer fields. Such condensations are achieved through
activation of the acid, either by conversion to an acyl
chloride or anhydride or, for fine chemicals, by means of
a coupling reagent. Such protocols are inherently ineffi-
cient generating stoichiometric quantities of byproduct
that can be both difficult and expensive to remove,
resulting in the frequent identification of amide-forming
reactions as an area in need of improvement from a
chemical perspective.1 Accordingly, much attention has
been devoted to the design of improved coupling
reagents2 and the development of alternative methods

such as, for example, the reaction of carboxylic3 or
thiocarboxylic acids4 with isonitriles and other reagents,
of thiocarboxylic acids with azides,5 and the recent
oxidative coupling of bromonitroalkanes with amines.6

For our part, we have described the facile condensation of
thiocarboxylic acids with readily available isocyanates
and isothiocyanates leading directly to amide bonds with
the formation of only carbon oxysulfide or carbon dis-
ulfide as stoichiometric byproduct.7 Here, we outline a
method for amide bond formation that responds tomany
of the principles of atom economy;8 the room-tempera-
ture condensation of widely available carboxylic acids
with aryl and other electron-deficient isocyanates that
leads to the high-yield formation of anilides with only
carbon dioxide as byproduct.
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Table 1. Amide Bond Formation from Carboxylate Salts and Isocyanates
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The condensation of carboxylic acids with isocyanates9

has been known for almost 120 years10 andhas been shown
to afford an adduct whose stability is a function of the two
substituents (Scheme 1).11 The thermal decomposition of
this adduct was variously promoted as being a source of
symmetricallyN,N0-disubstituted ureas, of symmetric car-
boxylic anhydrides, and of amide and even peptide bonds.12

With respect to the formation of amide bonds,Kricheldorf
and Leppert later reported themore facile condensation of
thioacids with isocyanates and the generally lower decom-
position temperatures of the intermediate adducts.13 The
development of improved methods for the synthesis of
thiocarboxylic acids5a,14 in conjunction with the use of

their highly nucleophilic cesium salts enabled us transform
this latter reaction into a broadly useful syntheticmethod,7

but nevertheless, the much broader commercial availabil-
ity of the carboxylic acids themselves prompted us to
investigate their condensation with isocyanates more clo-
sely. In particular, and in contrast to the historical precedent
which employed the conjugate acids, we were attracted to
the condensation of carboxylate salts with isocyanates
in the expectation that the intermediate adduct, in its

Table 1. Continued

a 16 h reaction time. bReaction conducted under strictly anhydrous conditions. cThe ee of the amino acid based products has not been determined.
dThis reaction was conducted without the inclusion of iPr2EtN.

Scheme 1. Adduct Formation from Carboxylic Acids and Iso-
cyanates

Scheme 2. Amide Bond Formation from Carboxylate Salts and
Isocyanates
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deprotonated form, would readily extrude carbon dioxide
to give amides (Scheme 2), for which limited precedent was
found in a report on the accelerated decomposition in
pyridine as solvent.12

In the event, our expectations were borne out, and the
simple stirring of a wide variety of carboxylic acids with
aryl and other electron-deficient isocyanates in the pre-
sence of a hindered amine in dimethylformamide solution
at room temperature provided good to excellent yields of
anilides and other substituted amides in a matter of hours
(Table 1).
Inspection of Table 1 reveals that the reaction is compa-

tible with a wide range of electron-deficient aryl isocya-
nates and both aliphatic and aromatic acids and tolerates
the presence of free hydroxyl groups. The reaction is also
compatible with both Fmoc- and Boc-protected amino
acids and when applied to anN-acyl isocyanate (entry 24)
results in the high-yield formation of an unsymmetrical
imide. With phenyl isocyanate itself, the condensation is
somewhat slower (entries 6, 10, and 16) but still affords
very respectable yields on stirring for a longer time at room
temperature. The sterically bulky o-bromophenyl isocya-
nate on the other hand proved to be somewhat recalcitrant
(entry 11). Heteroaromatic isocyanates also react with
simple carboxylate salts to give heteroaromatic amides as

illustrated by the examples of Table 1, entries 17 and 23. A
final example (Table 1, entry 25) illustrates the successful
use of a cesium carboxylate salt in place of the ammonium
carboxylates thatwe have employed predominantly. Over-
all, while not a panacea to all problems, the reaction is
broadly comparable in scope to the condensation of thio-
acidswith electron-deficient azides but clearly is of broader
application as it does not suffer from the need for prior
synthesis of thioacids.5

In summary, the room-temperature condensation of
carboxylate salts with aryl and other electron-deficient
isocyanates to the corresponding amides and carbon diox-
ides is an operationally simple, effective, and atom-eco-
nomical protocol. In view of the wide commercial avai-
lability of the substrates, and the general importance of
amide bonds,we anticipate that it should find extensive use
in organic and medicinal chemistry.

Supporting Information Available. Full experimental
details and copies of 1H and 13C NMR spectra. This
material is available free of charge via the Internet at
http://pubs.acs.org.

Note Added after ASAP Publication. References 12b and
c were added in the version reposted March 28, 2011.


