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Silica-Supported 2,4,6-Trichloro-1,3,5-triazine as an
Efficient Reagent for Direct Conversion of Carboxylic
Acids to Amides Under Solvent-Free Conditions
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A very simple and efficient solvent-free method for the direct conversion of carboxylic
acids to primary, secondary, tertiary alkyl, and aromatic amides in the presence of
the corresponding ammonium salts, silica-supported 2,4,6-trichloro-1,3,5-triazine,
and triethylamine is described. The reactions proceed rapidly at room temperature,
and the products are obtained in moderate to excellent yields.
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solvent-free

INTRODUCTION

Solvent-free organic reactions have been applied as a useful technol-

ogy in organic synthesis.1 The solid-state technique often leads to a

large reduction in reaction time, increased yields, easier workup, and

matches with green chemistry protocols, and it may enhance the regio-

and stereoselectivity of reactions.1

The amide function is significant in organic and biological

chemistry. Amides are important as pharmaceuticals2a as well as
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658 A. Khalafi-Nezhad et al.

agrochemicals.2b The conversion of carboxylic acids to amides is

one of the important transformations in organic synthesis.3 In gen-

eral, the conversion of carboxylic acids to carboxamides requires

an activation of the carboxyl group. This can be achieved by con-

version of the carboxyl group to a more reactive group such as acyl

halide, mixed anhydride, acyl azide, and active ester, or through

in situ–activation by coupling reagents including N, N-dicyclohexyl

carbodiimide (DCC),4 TiCl4,5 activated phosphate,6 Sn[N(TMS)2]2,7 N-

halosuccinimide/PPh3,8 trichloroacetonitrile/PPh3,9 tert-butyl-3-(3,4-

dihydrobenzotriazine-4-on)yl carbonate (Boc-Odhbt),10 ArB(OH)2,11

Lawesson’s reagent,12 (R2N)2Mg,13 SO2ClF,14 chlorosulfonyl

isocyanate,15 and 2-mercaptopyridone-1-oxide based uronium salts.16

There have been several reports on the transformation of carboxylic

acids to amides under solvent-free conditions.17 Recently, we reported

a new method for the direct conversion of carboxylic acids to various

amides under solvent-free conditions.18a To the best of our knowledge,

there is no other report for the direct transformation of carboxylic acids

to all kinds of amides including primary, secondary, tertiary alkyl, and

aromatic amides by this means. Along with our previous work on the

direct conversion of carboxylic acids to amides17d,18a and also in ex-

tension of our previous studies on solvent-free organic reactions,17d,18

we report here an efficient, rapid, and simple method for the direct

conversion of carboxylic acids to primary, secondary, tertiary alkyl, and

aromatic amides in the presence of the corresponding ammonium salts,

silica-mediated 2,4,6-trichloro-1,3,5-triazine (TCT), and triethylamine

under solvent-free conditions at r.t. (Scheme 1).

R

O

OH
+

SiO2-TCT/NEt3
r.t.., 1 min R

O

NR1R2

R1, R2 = H, Aryl, Alkyl 50– 87 %R = Aryl, Alkyl

R1R2NH2Cl

SCHEME 1

2,4,6-trichloro-1,3,5-triazine was chosen as a condensing agent be-

cause this compound and its derivatives have been used as very ef-

ficient reagents for the activation of carboxyl groups in the prepara-

tion of esters,19a peptides,19a−c amides,19a−d as well as acyl azides.19e

This reagent has also been used for the synthesis of amides; however,

its application was restricted to conversion in solution. Moreover, this

amidation reaction needed long reaction times.

Instead of amines, ammonium salts were employed in the reaction

because (a) ammonium salts of gaseous or volatile amines such as am-

monia, methyl amine, and dimethyl amine can be easily used in the
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Silica-Supported Solvent-Free Amide Synthesis 659

TABLE I The Effect of Different Ammonium

Salts on the Amidation Reaction of Benzoic

Acid in the Presence of SiO2-TCT and

Triethylamine at R.T.

Ammonium salt Time (min) Yield (%)a

NH4Cl 1 82

NH4I 1 74

NH4NO3 10 67

NH4OAc 10 71

(NH4)2SO4 10 63

(NH4)2CO3 10 69

aThe yield refers to a pure isolated product.

reaction; and (b) amines are hazardous compounds, and application of

their salts decreases environmental pollution.

RESULTS AND DISCUSSION

To determine the optimal reaction conditions, we have selected the con-

version of benzoic acid to benzamide as a model reaction. Different

ammonium salts in the presence of silica-mediated TCT and triethy-

lamine were examined in the reaction. The results are summarized in

Table I. As indicated in Table I, ammonium chloride was the most suit-

able source for in situ–generation of ammonia. In another study, a set

of different bases was considered in order to evaluate their capabilities

(Table II). As is shown in Table II, the best results were obtained when

TABLE II The Influence of Bases on the

Results of the Reaction of Benzoic Acid

With Ammonium Chloride in the

Presence of SiO2-TCT at R.T.

Base Time (min) Yield (%)a

NEt3 1 82

NBu3 1 71

NMM 1 74

DMAP 10 65

DBU 10 70

DBN 10 67

DABCO 15 42

K2CO3 30 8

Cs2CO3 30 11

aThe yield refers to a pure isolated product.
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TABLE III The Effect of Various Supports on the

Amidation of Benzoic Acid in the Presence of TCT and

Triethylamine

Support T (◦C) Time (min) Yield(%)a

— r.t. 60 13

— 70 30 24

SiO2 r.t. 1 82

Basic Al2O3 r.t. 10 37

Neutral Al2O3 70 10 49

Clay 70 10 61

Molecular sieve 0.3 nm 70 10 47

Montmorillonite K-10 70 10 33

Graphite 70 10 42

aThe yield refers to a pure isolated product.

triethylaminewas used; therefore, triethylamine was the base of choice

in all reactions. The influence of the supporting material on the result

of the reaction was also investigated. The results are in Table III. As

becomes clear from Table III, the absence of support in the reaction

medium gave low yields of the product even on longer reaction times

and higher temperatures. Thus, the support had a remarkable effect on

the progress of the reaction. Among the examined supports, silica gel

showed the best results.

To investigate the versatility and applicability of this method, the

amidation reaction was investigated with various structurally diverse

carboxylic acids and ammonium salts. As shown in Table IV, the re-

actions proceeded efficiently, and the desired amides were obtained in

moderate to excellent yields.

We have also studied the effect of electron-donating and electron-

withdrawing substituents at the aromatic ring of the carboxylic acid on

the result of the reaction. As Table IV demonstrates, electron-donating

substituents lowered the yield, while electron-withdrawing substituent

(NO2) increased the reaction yield. Moreover, the presence of a nitrogen

atom in the aromatic ring of the acid increased the yield of the amides

(Table IV). The presence of halogen atoms (Cl or Br) at the aromatic

ring of the acid had no significant effect on the result of the reaction.

Interestingly, no Michael addition-side products were observed when

cinnamic and crotonic acid were used (Table IV).

We have extended our reaction to sterically hindered and aromatic

ammonium salts. As shown in Table IV, these ammonium salts afforded

the corresponding amides in high yields. The procedure works also with

aliphatic and dicarboxylic acids.
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N N

NCl Cl

Cl

PhCOO-NHEt3
+ N N

N PhO

O

O

PhO

Ph O

O

+
HN NH

N
H

O O

O

N N

N ClO

PhO

Ph O

O

N N

N ClCl

Ph O

O

+ +

NH4Cl, NEt3

1 2 3

Ph

O

NH2

SCHEME 2

We suggest that the reaction proceeds via the intermediates 1, 2,

and 3 (Scheme 2). They are formed by the nucleophilic attack of the

carboxylate anion to the 2,4,6-trichloro-1,3,5-triazine and further re-

act with the amine, which is generated from the reaction of the cor-

responding ammonium salt and triethylamine, providing the carbox-

amide. To explore the formation of intermediates 1–3 during the reac-

tion, a mixture of benzoic acid, TCT, and silica gel were reacted with

triethylamine. Intermediates 1, 2, and 3 could be observed on a TLC

plate; however, they could not be separated and purified using the con-

ventional techniques such as column chromatography or recrystaliza-

tion. The subsequent addition of ammonium chloride and triethylamine

showed the disappearance of the intermediates and the formation of

benzamide.

In summary, we have developed a cheap, rapid, and solvent-free

method for the direct conversion of carboxylic acids to all sorts of amides

at r.t. with moderate to excellent yields.

EXPERIMENTAL

All chemicals were obtained from Merck (Darmstadt, Germany) or

Fluka (Buchs, Switzerland). Solvents were purified and dried according

to the reported methods and stored over molecular sieves.20 Progress

of the reactions was followed with TLC using silica gel SILG/UV 254

plates. Silica gel 60, 0.063–0.200 mm (70–230 mesh American Stan-

dards Testing Methods (ASTM)) was used for column chromatogra-

phy and support. 1H NMR spectra (250 MHz) were recorded with on

a Bruker Avance DPX-250 FT-NMR spectrometer. Melting points were

determined on a BÜCHI B-545 apparatus in open capillary tubes and

are uncorrected.
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Silica-Supported Solvent-Free Amide Synthesis 665

Procedure for the Preparation of Silica-Supported TCT

Silica gel (8.00 g) was mixed with a solution of TCT (1.84 g, 10 mmol)

in anhydrous CH2Cl2 (50 mL). Evaporation of the solvent gave a white

powder, which was used as the coupling agent.

General Procedure for the Direct Conversion of Carboxylic
Acids to Amides Using TCT as a Condensing Agent

In a mortar, a mixture of carboxylic acid (1 mmol), the respective am-

monium salt (2 mmol), and silica-mediated TCT (0.49 g) was crushed

vigorously to give a homogeneous mass. The mixture was transferred

into a test tube, and then triethylamine (0.40 g, 4 mmol) was added

dropwise. After 1 min, the reaction mixture was suspended in ethyl

acetate (50 mL), and filtered, and the filtrate was washed with 0.02 N

solution of HCl (2 × 50 mL) and water (2 × 50 mL). The organic layer

was separated and dried with MgSO4. The solvent was evaporated, and

the crude product was purified by column chromatography on silica gel

with ethyl acetate/n-hexane (1:1).
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