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phosphonitrilic chloride trimer (PNT). We identified PNT fbr these transibrmations as an
etTective one pot procedure. The method is suitable alternative to traditional amidation. A
variety of useful arnides rvere prepared. Aromatic as well as aliphatic car.boxylic acids have
been reacted converted into conesponding amides in excellent yiiltls.
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phosphonitrilic chloride trimer (PNT). We identifled PNT for these transibrmations as an
effective one pot procedure. The method is suitable alteraative to traditional amidation. A
variety of useful amides rvere prepared. Aromatic as well as aliphatic car.boxylic acids have
been reacted converted into conesponding amides in excellent yiilds.
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INTRODUCTION
One of the most impofiant and commonly occun'ing tunctional group is amide present in many natural products. Generally,

amides are the nitroger.r containing carbonyl compound in which the functional group consisting of an acyl group is attached to the
nitrogen atom. Amides have been extensively used as intenr-rediates for the preparation of other functional groups such as amines,
ketones and acids.

Due to the various applications, amides being important class of organic oompounds Ii-3] as pharmaceuticals [4] and
agrochemicals.[5] Some of the amide derivatives possess biological properties such as anthelmintic, antihistamine, antifungal and
antibacterial.[6-13] The amidation of calboxylic acid is an important reaction that is used in organic synthesis.[14-16] A key
transformation is usually carried out by activating the calboxylic acid and their sr-rbsecluent reaction with arnines. Apart frorn the
several protocols developed until now, there is sti1l need lor mild and efllcient reagent r'vhich can be ernployed to activate the
carboxylic acid having functional group compatibility. Thus a rnild and suitable alternative procedule for amidation is always being
demanded by chemical inclustries.

Traditionally, carboxylic acids r.vere activated to acid chlorides in organic synthesis ale generally prepared by the reaction of
carboxylic acids rvith reagents such as thionyl chloride, oxalyl chloride, PC13, PC15 and several others.!7-19] Li such a protocol,
vigorous conditions are required and many of these reagents ale highly corrosive and toxic, therefore unsuitable. Altematively acid
anhydrides were utilized instead of acid chlorides in amidation plocedures. However in this method problem alises if the carboxylic
acid is converted to a symmetric anhydride, 1 equivalent of carboxylic acid is lost as the byproduct of the amirlation reaction. It
requires additional processing for the isolation of acid and reconversion to anhydride ar.rd is an expensive. Use of mixed anhydride
could be the solution to tl,is ploblem but it gives a mixture of products.

Recently, a comrlon approach involves treatment of tlie acid with a reagent to liom an activated interrnediate, which is then
treated with an amine in sittr to lbnl the arnide products. A ferv reagents were identihcd that allow coupling of carboxylic acids rvith
amines. Rayle and Felhneth [20] sr-rccessfully used cyanr-rric chloride plomoted amidation of carboxylic acid. Formation of peptide
bond by means of 2-chloro-4,6-dirnethoxy-1,3.5-triazine[21] was reported.3,4,5-trifluorobenzene boronic acid,[22,23] N-
Acylbenzotriazole, L21) Deoxo-F1uor',[25] PhrP/ trichloroisocyanulic acid, L26l fluorous 2- chloropy,ridiniurn
hexafluorophosphate,[27] bolic acid,[2S] tin (ll),[29] tosyl chlofide,[30] phenyl silane,[31] TEP-4-DMAP, [32] Boron(III), t33l
Borate esters, [34] Boric acid, [35] TiCl1 , [36] Acetylene or ethoxy acetylene, [37] were used for amidation of carboxylic acids.
Amide bond formation rvas reported by using dithiocarbarnate and DBU under microwave condition.[38]

An.rides were synthesized by the coupling of carboxylic acids and azides via selenocarxylate and selenatriazoline.[39] The
coupling reagents such as (4,5-Dichloro-6-oxo-611-pyridazin-1-y1) phosphoric acid diethyl ester,[40] ionic liquids based on 1,3-
dialkylimidazoliun.r and ammonium were used fbr the amidation of carboxylic acid with isocyanate.[41] Aryl amides were prepared
by the reaction of calboxylic acids with isocyanates in rnethanol [42] and DMF.[43] These reagents are expensive and require an
equivalent amount with respect to acids and separation o1-byproduct is difficr.rlt. A[dehydes were also underwent amidation riactions
using l'eagents such as CuI/AgO:,[44] oxone,[215] Lanthanide catalysts,[46] gold nanoparticles, [47]. Amides were also slthesised
from alcohols and nitt'iles with complete atorn economy [48].

Six membered cyclic ling containing three alternative P-N subunits with six chlorine atoms covaleptly bonded to
phosphorous atom is called as phosphonitrilic chloride trirner (PNT). PNT is a rvhite crystalline compoun<I. It is thermally stable anrl
soluble in variety of organic solvents. It shows n.rore reactivity torvards nucleophiles. [49] PNT has been used as aci6 activators for
various olganic transformations.[50-54]

Considering the applicability of amides, phosphonitrilic chloride (PNT) has been used as an efhcient reagent for the
ar.nidation of carboxylic acids under mild conditions (Schernc l). Arornatic as well as aliphatic carboxylic acids (I) have been reacted
rvith aniline (II) in presence of PNT and NMM and converted into coresponding amides (III) in excellent yields.
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PNT (0.25 mmol) u'as dissolved in l0 ml dichlolomethane and N-methyl morpholine (1.5 mmol) was addedwith constant
stirring at ternperature 0-5"C. After 30 nrinutes tire respective calboxylic acici (1.5 mmolj rvas added and stil.ing was oontinued. After
disappearance of carboxylic acid (TLC), aniline.(1.4 mtlol) was aclded and lirrthel stirring was continued at room temperature. The
progress ofthe reaction 

"vas 
monitored by TLC (9:1; pet ether: ethyl acetate,v/v). Atter completion ofreaction (2-3 hrs.j, the reaction
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Spectral analysis
The formation of products wele confirmed by comparisor with authentic samples as well as by FTIR , ,H NMR, l3C and

Mass spectroscopy. F-TIR spectra wet'e recolded on Thelmo Nicolet Nexus 670 Spectrometer. (Resolution : 4 crn-r), ,H NMR and r3C

spectra r'"'ere recorded lvith AVANCE 300 MHz NMR spectrometer in CDCI. + DMSO, mass spectra were recordetl with GCMS.

4-Chloro benzalnilide (Entry 2)
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I R (KBr) cm-r : 3349 (- NH -), 1653 (C-O)
'H NMR 16 ppm) : e.90( s, 1H, NH). 6.90 7.90 (m, 9H. Ar-H)
"C NMR : 165 1>C:O), 136 ( C-Cl), 138 ( C-NH)
Mass : 23 I (M+,28 %)

4-Nitro benzanilide (Entry 3)
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I R (KBr) cm-r : 3320 ( -NII-),1653 ( C:O)
'H NMR ( 6 ppm): 8.10 (s. lH. NH); 7.00-8.20 1u. 9H, Ar.-H)
"c NMR : 164 (>c=o), 149 (-c-Nor1, t:z 1-c-Nn1Mass i 242 (M* 45 %)
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Tatrle I : Synthesis of Amides Using PNT.
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In the present r.vork. phosphonitrilic chloridc in cornbination with N-methyl morpholine (NMM) r,vas used to activate 6
equivalent of carboxylic acid (I) and reacted with arnine (11) to get corresponding arnides (Ill) (Scheme 2) inexcellent yield (Table 1).
A variety of carboxylic acids were reacted with amines in presence of PNT as acid activator to afford .orr.rponiing amides in
excellent yield under rnild conditions. The method is applicable to both the aromatic as well as aliphatic carboxylic acids. The results
shorv that the aromatic carboxylic acids with electron withdrawing substituents gave higher yields (Table l, entries 2,3,4,5).The
aliphatic carboxylic acids also gave corresponding amides in excellent yields (entries 8, 9). The pr-otocol is also useful for the
conversion of unsaturated carboxylic acid to amide aflording excellent yield of the product (entry 7j. The method provides a clean
route for generating amides with completc conversion within 2-3 hours (Table 1) compared to most coupling reagents which requires
even Leflux.

CONCLUSIONS
ln conclusion, PNT acts as an exccllent altelnative activating agent for the amidation ofcarboxylic acid. The present protocol

is a convenient and practical for the preparation ol amides in excellent yielcls, offering significant improvement over the existing
methodologies.
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