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Carboxamide is a valuable functional group in organic chemistry 
found in a number of biologically active compounds.1 Amides 
employed as important building blocks in the preparation of 
pharmaceuticals, agrochemicals, dyes, pigments, polymers, and 
photographic products.2-5 Today, amide synthesis is one of the 
most important processes in the chemical and pharmaceutical 
industries.6 In fact currently, about 30 % of active pharmaceutical 
ingredients (APIs) viz. paracetamol, valsartan, moclobemide, 
nikethamide, atorvastatin, captopril, diltiazem, lidocaine, and 
acetazolamide, benzipram (Fig. 1), contains one more amide 
linkage indicating its significance in process chemistry. 

The amide synthesis is a significant transformation for both 
industrial and academic research. In 2007, The American 
Chemical Society Green Chemistry Institute of Pharmaceutical 
Roundtable (ACS GCIPR) has estimated amidation as the 
challenging goal in organic chemistry for which green, efficient, 
improved and sustainable alternative methods are required.7  

Amide synthesis was first described in 1833 by German chemists 
Carl Schotten and Eugen Baumann from acid chloride and amine 
in known as Schotten-Baumann reaction.8, 9  Currently, there are 
various methods for amide synthesis, classical commercially used 
process involves the use of carboxylic acid chloride as electrophile 
which reacts with amine10-13 (Scheme 1). This method suffers from 
various limitation, significantly additional step required for the 
preparation of acid chloride and there is a stability issue with 
several of them.  

Moreover, preparation of acid chloride involves uses of 
hazardous reagents like thionyl chloride, oxalyl chloride, which 
liberates
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 Fig. 1.  Amide linkages containing APIs and agrochemicals.

corrosive by-products. Aminolysis of ester requires a strong basic 
condition., all these conventional methods14 for the preparation of 
amides are unsuitable for multitone scale as now-a-days 
environmental protection is one of major concern in the industry. 
Hence the development of alternatives for amides preparation 
direct amidation carboxylic acid is always the desirable method 
In 1979 Grieco et al. first reported the direct conversion of a 
carboxylic acid into amides.15 Rachel M. Lanigan and Tom D. 
Sheppard published a review on direct amidation with reaction 
mechanism.16 Alternative approaches to activate carboxylic acids 
towards nucleophilic attack by using various coupling reagents 
methods have been developed including B(OCH2CF3)3

16-18, 
B(OMe)3,19, 20 AlMe3,21 XtalFluor-E,22 Ph3PCl2,23 nano sulfated 
TiO2,24 DMT-MM, 25 oxalates,26 but all these reagents are required 
in stoichiometric or in excess quantity, some of them are air 
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This is the first-time report on the repurposing n-butyl stannoic acid as a catalyst for 
direct amidation of carboxylic acids with amines. Notably, efficient amidation 
observed in comparison with all other catalytic methods reported up until now. The 
protocol has successfully applied to the synthesis of a variety of amides. Moderate 
reaction parameters, clean amidation with excellent yields of desired amides, ability to 
tolerate a variety of functional groups, easy product isolation; commercial availability 
and recyclability of the catalyst are key advantages of the current protocol.

2009 Elsevier Ltd. All rights reserved.
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sensitive difficult to handle. Excess use of coupling reagents on 
multitone scale generates of waste, compromises on efficiency 
and economy of the processes.

Up to now, for direct amidation of carboxylic acid and 
amine, only a few catalytic methods have been developed, using 
heterogeneous catalysts such as B(OH)3,27-29 ZrCp2Cl2,30 BH3,31 and 
aryl boronic acids as homogeneous catalysts.34, 35 Use of HATU, 
HBTU, TBTU, EDCI, and PyBOP are reviewed recently.32, 33  
Some of these catalytic protocols do have synthetic efficiency 
but still associated with one or more drawbacks, viz. commercial 
unavailability or cost, difficult recovery, and recyclability, long 
reaction time, unsatisfactory yields. In the case of homogeneous 
catalysts, a trace amount of the catalyst recovered leading the 
product contamination. 

In light of addressing the issue of atom economy and eco-
friendliness, our research group has developed few eco-friendly 
catalysts viz. sulfated polyborate,36 aluminized polyborate,37 
activated Fuller’s earth,38 and applied them for various organic 
transformations efficiently. 36-55. 

          There are reports on the use of compounds of group IV 
metals as a catalyst for direct amidation viz. ZrCl4 

65, 66 
Hf(Cp)2Cl2,67 Ti(OiPr)4,60, 68 Though, further improvement in 
catalytic activity and development of efficient, high yielding, 
rapid, and safe reaction system with the commercially available 
catalyst in a short reaction period for direct amidation is expected. 
To achieve these objectives, herein we report the study for direct 
conversion of a carboxylic acid into amide using group IV organo-
metallic catalysts such as n-butyl stannoic acid, dibutyltin oxide 
56,57 as well as sulfated polyborate under moderate reaction 
condition.

         The condensation reaction of carboxylic acids and amines 
are highly desirable because they are readily available, and the 
only side product is water hence the process is clean. Typically, 
the equilibrium is shifted towards amide formation by removal of 
water from the reaction mixture azeotropically. The development 
of a novel protocol with maximum efficiency and minimum waste 
is currently in demand. This is the first report on the repurposing 
n-butyl stannoic acid for direct amidation of carboxylic acids with 
amines, which was otherwise used for polymeric ester and 
transesterification.61,62 Several industries manufacture this catalyst 
hence commercially available with CAS No. 2273-43-0.58 The 
present protocol shall be extended for the manufacturing of 
pharmaceutical important molecules or their intermediates 
containing amide linkages (Scheme 1).

   Initially, the study was designed to investigate the suitable 
catalyst and solvent for one-pot amidation of carboxylic acid and 
amine. For a selection of suitable catalyst, the effect of n-butyl 
stannoic acid, dibutyltin oxide as well as sulfated polyborate was 
assessed. Initial studies were performed using an equimolar 
mixture phenylacetic acid and benzylamine with these catalysts in 
toluene under Dean-Stark trap (Scheme 1). The effect of these 
catalysts on the yield of the reaction was ascertained. Among these 
catalysts n-butyl stannoic acid was found to be the best yielding N-
benzyl-2-phenylacetamide in 82 % yield within 3 hours (Table 1, 

Table 1: Selective Catalyst and solvent study for synthesis of N-benzyl-2-
phenylacetamidea

H2NOH

O +

H
N

O

Catalyst/ Solvent/ Temp.

 aReaction condition: Phenylacetic acid (2.5 gm, 19.68 mmol), benzylamine (2.10 gm 19.68 
mmol) and catalyst, 3 h, bIsolated yield. cNo reaction

entry 2). Further, to establish the role of solvents, the reaction also 
performed in different solvents like xylene, acetonitrile, 1,4-
dioxane, DMSO, and DMF. Maximum yield was obtained in 
toluene comprised of other solvents; it was adopted for further 
study (Table 1, entries 7-10).

          Prior to substrate study, types of amides 2a-c with varying 
substrates on both side were selected (Table 2) and experiments 
were conducted to optimize the catalyst loading and reaction time 
for maximum conversion with higher isolated yields for desired 
amides. The study was conducted in toluene and xylene. The 
experiments were conducted with varying catalyst loading. the 
progress of reaction monitored and continued until the maximum 
conversion of starting materials. 

To establish the catalyst role, control experiments were 
performed in absence of a catalyst, resulted in the yield in the 
range of 8-20 % after 3-15 hours of reflux in toluene. Phenylacetic 
acid and benzylamine react smoothly within 3 hours with 97 % 
yield of desired amide 2a were achieved using 18 mol% of n-butyl 
stannoic acid (Table 2, entry 1).  Amidation reaction between a 
benzoic acid and benzylamine provide 80 % yield of desired 
amide 2b with 15 mol% of catalyst loading in 11 hours (Table 2, 
entry 2). Amidation of aniline with phenylacetic acid afford 75 % 
desired amide 2c with 15 mol% of catalyst in 15 hours, as aniline 
being week base and less reactive (Table 2, entry 3). Therefore, 
aniline and benzoic acid reaction required more reaction time as 
compare to benzylamine and phenylacetic acid (Table 2, entries 1-
3).  The use of slightly higher mol% n-butyl stannoic acid could 
effectively catalyze the amidation of non-activated carboxylic acid 
with an amine at the reflux temperature of toluene. Xylene showed 
no major advantage in yield compared to toluene. Depending on 
the nature of substrates 10 to 18 mol% of catalyst loading and 
toluene as a solvent were optimized for further study.
          Furthermore, it was clearly observed that almost all useful 
active pharmaceutical ingredients of amide class contain aromatic 
substituent on one side whereas the aliphatic on another (Fig.1).  
Hence, the present study was focused on the synthesis of amides 
with one aliphatic and other aliphatic reactants. With the 
optimized condition in hand, a number of structurally diverse acids 
and amines were screened to demonstrate and expand the scope of 
the present protocol (Table 3, 4 and scheme 2)70. A variety of 

Entry Solvent Catalyst
Loading
(mol %)

Temp
(oC)

Yield b

(%)

1 Toluene Bu Sn(=O) OH 5 110 50

2 Toluene Bu Sn(=O) OH 10 110 82

3 Toluene Bu Sn(=O)H 10 110 75

4 Toluene Bu2 Sn(=O) 10 110 30

5 Toluene Sulfated Polyborate 10 110 78

6 Xylene Bu Sn(=O) OH 10 110 84

7 MeCN Bu Sn(=O) OH 10 80 40

8 Dioxane Bu Sn(=O) OH 10 100 30

9 DMF Bu Sn(=O) OH 10 140 NRc

10 DMSO Bu Sn(=O) OH 10 150 NRc
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aliphatic, α,β-unsaturated and aromatic carboxylic acids with 
either electron withdrawing or electron-donating functionalities 
reacted efficiently with benzylamine and afforded the desired 
amides in moderate to excellent yields (Table 3, 3a-d). Similarly, 
upon treating heterocyclic and α,β-unsaturated acids with 
benzylamine, desired amides 3g and 3h were isolated in 76 % and 
70 % respectively. 2- and 4-methoxyphenylacetic acid reacted 
smoothly with benzylamine giving 3k and 3l, 75 and 70 % yield 
within 3 and 10 hours respectively. An aromatic carboxylic acid 
having electron-withdrawing substituent provided higher yield as 
compared to electron donating substituent. However, optimized 
protocol when applied to 4-chloro-3,5-dinitrobenzoic acid and 2,5-
dihydroxybenzoic acid was unable to give products, presumably 
due to extreme electronic effects. (Table 3, entries 3e and 3j). 

     The scope of this optimized protocol was further 
investigated for amine variants. Aromatic amines bearing electron 
withdrawing as well as electron donating functional groups reacted 
smoothly with phenylacetic acid, gave amides 4a-i in 75-85 % 
isolated yield (Table 4).  Interestingly, the chemoselectivity of 
present protocol for amidation over esterification was observed in 
the case of 4-aminophenol bearing two functionalities (NH2 and 
OH), amidation observed instead of esterification to yield 4c. 
Importantly, heterocyclic amines like 2-aminopyridine and 2-
aminothiazole also reacted with a phenylacetic acid to obtain 
amides 4d and 4e in 75 % and 76 % yield, respectively. 
Furthermore, alicyclic 2o amines like morpholine, piperidine, 
pyrrolidine, and aliphatic n-butylamine are also reacted efficiently 
giving corresponding amides in excellent yields 80, 82, 84, 85 % 
respectively (Table 4, entries 4f-i). All reactions proceeded cleanly 
and no undesired side reactions were observed. The present 
optimized protocol is also extendable to aliphatic acid and aliphatic 
amines. Caproic acid reacted equally well with n-butylamine (5a) 
and 3-methoxy propylamine (5b) to yield corresponding amides in 
excellent yield (Scheme 2). The reactions were monitored by gas 
chromatography. 

A plausible mechanism for amide synthesis is depicted in 
Figure 3. As proposed by Chandrasekhar, V. et al.69 the carboxylic 
acid might have reacted with n-butyl stannoic acid to form 
anhydride intermediate II via an intermediate I. Intermediate II 
might have attacked by strongly nucleophilic amines to form 
amides and n-butyl stannoic acid recycles. 
The reusability of the catalyst under an optimized condition in the 
model reaction was assessed. After completion of each cycle, the 
catalyst was separated by extraction of the solid with acetone, 

Table 2: Optimization of reaction time, catalyst loading for different types 
of amides with varying reactants.

aReaction condition: amine (1 equiv.), carboxylic acid (1 equiv.), reflux (110 
°C) in toluene with azeotropic removal of water. bIsolated average yield (3 
batches)  .

Table 3: Substrate scope for carboxylic acids for direct amidation 
with benzylamine a,70

aReaction condition: benzylamine (1 equiv.), carboxylic acid (1 equiv.), Bu 
Sn(=O)OH a(15 mol%), b(10 mol%), reflux in toluene with azeotropic  removal 
of water,  Average yields (3 batches) of the isolated products are given.

Table 4: Substrate scope for amines for direct amidation with phenylacetic 
acid a, 70

aReaction condition: phenylacetic acid (1 equiv.) amine (1 equiv.), Bu 
Sn(=O)OH (18 mol%)a, (10 mol%), bReflux in toluene with azeotropic 
removal of water. Average yields (3 batches) of the isolated products are given

Scheme 2: Substrate scope for aliphatic acid and aliphatic carboxylic 
direct amidationa, 70
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Table 5: Efficiency of n-butyl stannoic acid catalyst in comparison with 

reported catalysts for synthesis of N-benzyl-2-phenylacetamide, 2a

H
N

O 2a

Sr. 
No.

Catalyst Solvent Time Yield 
(%)

Ref.

1. 15 mol %, n-Butyl stannoic 
acid

Toluene 3 90 This 
work

2. 18 mol %, n-Butyl stannoic 
acid

Toluene 3 97 This 
work

3. 20 mol % 
Titanium(IV)isopropoxide, 
90 °C

Neat 4 92 60

4. 10 mol%, Zirconium(IV) 
chloride, 70 °C

THF 6 95 65

5. 100 mg, Fe3+-K 10 
Montmorillonite, 70 °C

CHCl3 7 96 59

6. 0.796 mmol, 
bis(bis(trimethylsilyl)amido) 
tin(II), reflux

THF 14 82 64

7. 1 equiv., Trimethyl borate, 
80 °C

MeCN 15 92 63

8. 2 mol %, ZrCl4, 4Å MS,
100 oC

THF 24 99 66

9. 10 mol %, Ti(Oi-Pr)4,
 4 Å MS, 70 °C

Dry THF 24 91 60

Bu
Sn
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R1 N
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Fig. 3. A plausible mechanism for n-Butyl stannoic acid catalyzed amidation

 
Fig. 2. Reusability of the catalyst. 

catalyst remains insoluble in acetone, hence recovered by 
filtration. Recovered catalyst dried for 1 hour at 55 °C and was 
reused four times with n significant loss in a catalytic (Fig.2).
         The efficiency of n-butyl stannoic acid catalyst for 
synthesis of N-benzyl-2-phenylacetamide, 2a is compared with 
the catalyst reported in the literature. n-butyl stannoic acid at 
18% loading was found to be much efficient (Table 5). 
         In conclusion, a new highly efficient and practical one-step 
catalytic method for direct amidation of the variety of carboxylic 
acids and amines is developed.  A number of carboxylic acids 
and amines bearing different substituents were converted into 
corresponding amides conveniently in excellent to high yields. 
An important advantage of this protocol is that there is an 
activation of the carboxylic acid not by stoichiometric reagent but 
by n-butyl stannoic acid. Heterogeneous catalyst, moderate 
reaction condition, shorter reaction time, higher yields, easy 
work-up procedure are key features of a present protocol. This 
protocol can be adapted for the manufacturing of active 
pharmaceutical ingredients on a preparative scale of course with 
suitable optimization. 

Supplementary data 

Supplementary data associated with this article can be found in 
the online version, at http://dx.dol,org/10.
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concentrated under reduced pressure to recovered 40 mL of toluene. 
The mixture was cooled to 20-25 °C to this added 100 mL hexane and 
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extracted with acetone or methanol and filtered to separate the catalyst 
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 N-Butyl stannoic acid is economic and commercially available. 

 This is the first report on repurposing n-Butyl stannoic acid for direct amidation.

 Heterogeneous, recyclable and reusable catalyst.

 Activation of the carboxylic acids via anhydride of n-Butyl stannoic acid.

 Good to excellent yields of the amides. 


