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Liquidos i6nicos (ILs) baseados em 1,3-dialquilimidazolio e amonea tém sido usados como
meio de reagdo eficiente para amidagdo de diversos acidos carboxilicos com isocianatos. Esse
método tem larga aplica¢o e o procedimento ¢ suave e eficiente quando comparado aos métodos
existentes, baseados em solventes convencionais. O “projeto” adequado do (ILs) permite a
obtencdo de amidas com resultados de bom a excelente. Nessa reagdo, tanto pode ser usado um
isocianato aromatico, quanto um alifatico.

Tonic liquids (ILs) based on 1,3-dialkylimidazolium and ammonium have been used as an
efficient reaction media in the amidation of several carboxylic acids with isocyanates. The
method has wide applicability, and the protocol is mild and efficient compared to the existing
methods based on conventional solvents. Proper ‘design’ of the ILs allows us to obtain amides
in good to excellent yields. In this reaction, both aromatic and aliphatic isocyanates could be
used.
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Introduction

The chemical transformation of the carboxylic acid
functional group into the corresponding carboxylic amide
(peptide) is a very important reaction in bioorganic
chemistry.! The amide bond has long attracted much
interest since it is an important building unit in proteins.
The high stability of the amide linkage towards hydrolysis
is of crucial significance to biological systems, since it
allows the construction of peptides from relatively simple
amino acid precursors.? Also amides and polyamides play
a very important role in the advance of macromolecular
science and the polymer industry.> Amides have been
prepared by a number of techniques including the reaction
of amines with carboxylic acids, the condensation of
amino acids, ring opening reaction of lactams, by
oxidation of aromatic aldehydes,* from activated alcohols
using manganese (IV) dioxide in a tandem oxidation
process,’ from O-sulfonyloximes and Grignard reagents.

Isocyanates are highly unsaturated organic compounds.
They react readily with many diverse compounds containing
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active protons such as alcohols, amines and carboxylic acids.
The synthesis of amides by the reaction of a carboxylic acid
with an isocyanate has received little attention.! One of the
advantages of the isocyanation method for preparing amides
lies in the good solubility of isocyanates in the reaction media
compared to amines. Nevertheless, classical methods for the
synthesis of amides typically have limitations and are not
environmentally friendly.

The use of environmentally benign reaction media is
very important in view of today’s environmentally aware
stance. In connection with this, molten salts’ and room
temperature ionic liquids (RTILs)® have received a great
deal of interest over the past decade as novel solvent
systems for organic and inorganic transformations.

ILs are low melting point salts which represent a new
class of non-molecular, ionic solvents. Fascinating features
of these liquids are their ability to solvate a broad range
of both inorganic and organic materials, low vapor
pressure, recyclability, high thermal stability and ease of
handling.’ In addition, another interesting aspect is the
possibility to alter their physical and chemical properties
by varying their structures with esteem to the choice of
organic cations and anions, and side-chains attached to
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the organic cation. Thus, ILs have been described as
‘designer solvents’. All of these properties make these
systems very good candidates for use in developing
environmentally benign chemical processes, and actually,
nowadays, ILs are extensively diffused as greener
alternatives to classical volatile organic solvents in
chemical transformations.’ Particularly ILs based on 1,3-
dialkylimidazolium cation have been extensively applied
for organic and inorganic synthesis. Moreover, ILs are
straightforward as they are easily prepared and easy to
recycle.'” In view of the emerging importance of
imidazolium and ammonium based ILs as novel reaction
media, we wish to investigate the application of ILs as
promoters and green solvent systems for the synthesis of
amides under mild conditions.

Experimental

The ILs was prepared according to the reported
procedures.'!

General procedure for amidation

(a) 0.4 g of dry IL (IL was dried under vacuum at
70°C for 4 h) was added to the carboxylic acid (1 mmol)
and heated with stirring for 10 min until the acid was
dissolved. Then isocyanate (1 mmol) was added under
nitrogen atmosphere, and the mixture was stirred for the
required amount of time (Table 2). At the end of reaction
time (monitored by TLC), the mixture was precipitated
in water, filtered off, dried and recrystallized to provide
the corresponding benzamide derivatives.

(b) A pyrex reaction flask which was charged with
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(c) A mixture of NMP (0.5 ml) and benzoic acid (1
mmol) in a round-bottom flask was heated at 100°C.
Phenyl isocyanate (1 mmol) was added to this mixture
under nitrogen atmosphere, and the mixture was stirred
for a period of time (Table 1). After completion of the
reaction (checked by TLC), the mixture was precipitated
in water, filtered off, dried and the white solid was
recrystallized from a mixture of ethanol/water (80/20) to
give benzanilide.

Results and Discussion

In order to get insight of the role of ILs as green and
non-volatile solvents compared to the conventional organic
solvents for the reactions of aromatic carboxylic acids
with isocyanates, first the reaction of phenyl isocyanates
with benzoic acid was performed in different conventional
organic solvents such as toluene, N,N-dimethylformamide
(DMF) and N-methylpyrrolidinone (NMP). When toluene
and DMF were used as solvents, the reaction did not
proceed effectively and by-products were observed by
TLC technique. By using NMP as solvent the reaction
did not show any by-products, but the moderate yields of
the desired product indicate that this solvent is not very
suitable for this type of reaction (Table 1, Scheme 1).

Then, the amidation reaction was carried out in ILs as
solvents. First we studied the reaction of benzoic acid

Table 1. Reactions of benzoic acid with aromatic and aliphatic isocya-
nates in NMP as solvent

Entry Ar R Time  Yield
m %)

tetrabutylammonium bromide (TBAB) (0.4 g) and benzoic 1 H@ CIO 5.0 64
acid (1 mmol) was heated at 90°C. Then the phenyl isocyanate
(1 mmol) was added to the stirred molten mixture under 2 H@— CH,;CH,CH,CH,— 8.0 46
nitrogen atmosphere, and the mixture was stirred for a period
of time (Table 2). At the end of reaction time (monitored by 3 H@ H@ 6.0 56
TLC), the mixture was precipitated in water, filtered off,
dried and the white solid was recrystallized from a mixture 4 H@ <:>7 75 50
of ethanol/water (80/20) to furnish benzanilide.
R N/@—/\N ~r X < /©
@COOH + R—NCO 75 oc(;r3.5h @*N
NMP H

100 °C, 6h

R'= n-propyl, isopropyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, benzyl, allyl
X=CI, Br

Scheme 1. The reaction of benzoic acid with several isocyanates in different ILs and NMP.
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and phenyl isocyanate in details. The effect of different
kinds of ILs on the yields of this reaction was also
investigated (Scheme 1, Table 2). The best result was
obtained with 1,3-diallylimidazolium bromide (entry 9)
and this IL was selected for the other reactions.

0
° R
Ar—COOH + R——NCO M» Ar)LN/

H

Scheme 2. The reaction of aromatic carboxylic acids with aliphatic and
aromatic isocyanates in [1,3-diallyl Im] Br.

The procedure was successfully tested by the reactions
of several aromatic carboxylic acids with aromatic as well
as aliphatic isocyanates in the presence of 1,3-
diallylimidazolium bromide as IL (Scheme 2, Table 3). It
is very interesting to mention that while aromatic
isocyanates in conventional solvents do not provide good
yields of corresponding amides, we obtained excellent
yields of the corresponding amides in ILs without any
formation of side products such as urea.!

In this work we used ILs as efficient media for the
amidation of aromatic carboxylic acids with isocyanates
under mild conditions. Moreover, we observed that
addition of tricthylamine and dibutyltin dilaurate as
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Table 2. The effect of typical ILs on reaction yields of benzoic acid with
phenyl isocyanate

Entry IL Yield (%)
1 [1,3-dipr. Im]Br*® 70
2 [1,3-diisopr. Im]Br® 68
3 [1,3-dibutyl Im]Bre 65
4 [1,3-dipentyl Im]Br¢ 60
5 [1,3-dihexyl Im]Br¢ 58
6 [1,3-diheptyl Im]Brf 55
7 [1,3-dibz. Im]Br¢ 78
8 [1,3-dibz. Im ]CI" 75
9 [1,3-diallyl Im]Br! 85
10 [1,3-diallyl Im]Cl! 82
11 TBAB 72

*1,3-dipropylimidazolium bromide, *1,3-diisopropylimidazolium bromide,
°1,3-dibutylimidazolium bromide, “'1,3-dipentylimidazolium bromide, °1,3-
dihexylimidazolium bromide, f1,3-diheptylimidazolium bromide, ¢1,3-
dibenzylimidazolium bromide, "1,3-dibenzylimidazolium.chloride, '1,3-
diallylimidazolium bromide, '1,3-diallylimidazolium chloride

catalysts did not affect the progress of the reaction and no
additional compounds were necessary to activate the
isocyanates. On the other hand, both, blocked isocyanates
and catalysts are required for the effective preparation of
amides, in other works.! It can be concluded that ILs could
act as a promoter in this reaction without using any
catalysts.

Table 3. The reaction of aromatic carboxylic acids with aliphatic and aromatic isocyanates in ILs

No. Ar R Time (h) Yield (%) Melting point (°C)

1 H@ Cl{% 2.0 90 186-188(Lit '2:187-187)
2 Me@ @ 3.0 82 155-156(Lit 3:154-155)
3 N\Q Q 4.0 78 145-147(Lit 4:146-148)
4 O,N O @ 6.0 55 203-205(Lit '4:204-206)
5 H@ CH;CH,CH,— 5.0 69 81-83(Lit 1:83-85)

6 H@ CH;CH,CH,CH,— 4.5 71 112(Lit '%:112)

7 H@ H{% 25 85 157-160(Lit %:158-161)
8 H@ 15 93 150-152(Lit ":151-153)

Cl

9 Meo@ @ 2.0 87 158-160(Lit 4:158-160)
10 H@ Q 35 75 147-149(Lit 5:147-148)
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Conclusions

In summary, for the first time a new and efficient
method was developed for the selective synthesis of
benzamides derivatives in excellent isolated yields by
using RTIL as a reaction medium. Importantly, the IL not
only acts as a solvating medium, but also as a promoter
for this reaction. The easy work-up procedures, the absence
of a catalyst and using non-volatile IL as the reaction
medium makes the method amenable for scale-up
operations.
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