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NEW SYNTHETIC “TRICKS”. 

TRIPHENYLPHOSPHINE-MEDIATED AMIDE FORMATION FROM CARBOXYLIC ACIDS AND AZIDES 

Jordi Garcia, Felix Urpi, and Jaume Vilarrasa. 

DeportomentdeQuimicaOrg~nica,FacultatdeQuimica,Univenitatde Barcelona,08028 Barcelona,Catalonia(Spain) 

Summary. - Equimolar amounts of carboxylic acids, aryl or alkyl azides, and Ph3P in refluxing benzene (hexane, 
toluene) afford amides in good yields. Insolubility of zwitterions Ph3&NH(CH2),COO’, arising from w-azido 
acids and Ph3P, limits the utilization of the method for loctame formation. 

A plethora of phosphorus derivatives have been used to obtain amides from carboxylic acids and amines under 

mi Id conditions: Ph3P plus CC14, Ph3P(OR)2, R2P(=O)X, pol t ys yryldiphenylphosphine plus CC14, Ph3P plus 

py-S-S-py or other disulphides, Palomo’s P-oxazolidone derivative, Ru3P plus o-CoH4(NO2)X, etc. 1 Some of - 

them have found application in the peptide field T r2 as well as in macrolactonisation reactions. 3 Apparent1 y, 

all these reagents activate the carboxyl group against the attack of the amines by generating in situ, by means of 

different P(V) species, either the corresponding acyl halidejpseudohalide or the acyloxyphosphonium salts 

(R-COO-bR3 or related intermediates); these react with amines, in the presence of a base, to give the expected 

carboxamides. 

An alternative preparation of carboxamides from carboxylic acids could be based on the previous modification/ 

activation of the amino fragment, as indicated below. In fact, we realized that the one-pot reaction of R-COOH, 

N3-R’, and Ph3P could afford R-CONH-R’, under esentially non-acidic conditions and/or without employing 

R-COOH + Ph3P=N-R’ - R-CONH-R’ t Ph3f=O 

expensive additional reagents, by taking advantage of the Staudinger reaction (formation of phosphazenes from 

azides and phosphines).4 To the best of our knowledge, this application of the Staudinger reaction has been never 

reported. Since the most confident way of introducing on amino group into a carbon backbone, especially in the 

field of natural products, is through the substitution of azide anion for halogen-like substituents, followed by 

reduction of the azide group, the method here described can be-used to obtain directly amino-protected deriva- 

tives, avoiding the azide reduction and carboxyl activation steps. 

From the practical viewpoint, 1.0-l .2 mmols of carboxylic acid, 1 .O mmols of azide, and 1 .O mmols of Ph3P 

were heated in ca. 10 ml of anhydrous benzene 5 
- for several hours, under nitrogen, the reaction being monitored 

by TLC. After woshing with diluted base, elimination of the solvent yielded genemlly only the desired amide and 

Ph3P0, which were separated by column chromatography on silica gel. 
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As shown in the examples below, the reaction works well either using aliphatic or aromatic acids and oliphatic 

(primary, secundary) or aromatic azides. 

N3CH2Ph N3Ph N3-+ 

CH3CH2COOH CH3CH2CONHA CH3CH2CONHPh CH3CH2CONH+ 

00%, 24 h 

CH3Ct$.;02;yH2Ph 

01 96%, 60 h 95%, 12 h 

PhCOOH PhCONHA PhCONHCH2Ph PhCONHPh PhCONHw 

75%, 48 h 78%, 48 h 96%, 5 d 85%, 12 h 

Additional examples:6 

4 w 4 W 
PhCONHCH2COOH l N3 - PhCONHCH2CONH CH,CO$KH$OOH + N3CH2Ph - CH3COl$H2CONHCH2Ph 

C6HQ 60% 
Me tolu*nJ Me 

4d 0, 32h 77% 

Ph3P 
CICH2COOH 6 NJ?/‘COOM. - ClCH,CONHWOOty$e 

W3P 

65% 

Z-Its-W-OH + N3CH2Ph z7 Z-b-Val-NHCH2Ph 

A, 32h 
56% 

Some other data and trial experiments are worthy of mention: 

a) Esters such as butyl acetate and ethyl acetate did not react with azides and Ph3P under identical conditions 

to those employed with acids, i.e. phosphazenes were recovered at the end. - 

b) TFA protonates the phosphazenas as expected (see NMR data, in CDCl3 with A3’P in ppm downfield to ext. 

85% H3PO4 and &13C to int. TMS, summarized below), but trifluoroocetylamines were not obtained. 

c) Even normal carboxylic acids protonate N-alkylphosphimines. By the way, Ph3P=NBu is a stronger base 

than NH2Bu as shown by NMR: when increasing amounts of KOH/CD3OH were added to on equimolor mixture of 

Ph3FNHBu Br- and BuNH3+ Br- in CD30H, the latter was completely deprotonated first.8 

d) When w-ozido acids were treated with 1 eq. of Ph3P in benzene (even al r. t.), white crystalline precipi- 

tates were formed. IR spectra of the solids and NMR spectm of those soluble in CDCl3 indicated that they 

possessed zwitterionic structures Ph3;-NH(CH2),COO-. Under the usuol conditions here reported, loctomes 

could not be obtained: the samples were entirely insoluble in refluxing benzene, hexone, e&.,ond ore recovered 

unchanged. Nevertheless,in refluxing pyridine for 25 h, Ph36-NH(CH2)3COO- (but not long-chain zwitterions) 

afforded in 95% yield the expected loctome (2-pyrrolidone). 

21.9 

Ph3$-NH 

CF3COO- 

2 
Ph3P=NCH2Ph 

460 

Ph3;-NH:H2Ph 

CF3COO- 

SP= 19.0 38.0 422.6 38.9 
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Ph3F’=NCH2CH2CH2COOMe 

\I\\\ I 

Ph+-NHCH2CH2CH2COO- 

AC 
I I \ \ 44.6 30.4 320 fi.8 512 43.0 264 34.11 1727 

JCP ?I=50 tJ=rs.o g=zL1 3514 

SP 4\2.4 35.2 

Ph&NHCH2CH2CH2COOMe 

I \ \ \ \ 
42.0 

26.1 
M6 173.3 51.5 

34.9 51.0 

39.2 

All these facts point out that a plausible mechanism for the reaction could be summarized as follows: 

RCOOH 

N3R’ 

PhqP +- PhBkNR’ 

0 0 

I- 
RCOO- 

Ph+-NHR’ 
* PhBP 

,@-R 
~3 

~~QHRI 
- - Ph3P0 t RCONHR’ 

It may be thought that the methods of amide formation based on the acyloxyphosphonium intermediates go also 

through species like Ph3P(OCOR)(NHR). It would mean that, to obtain carboxamides, the order of addition of 

the acid and the amine to the P(V) species would not matter; indeed, the following experiments show that, from 

a practical viewpoint-being either the phosphazene or the phosphonium salt formed first-, the couplings of 

acids and amines can be managed in one-pot reactions (mixing all together) with simple reagents: 

‘C6H6 CH3CH2COOH t NH2CH2Ph + Ph3P t Br2 t 2 Et3N * 4B h@ 
I 

CH3CH2CONHCH2Ph l Ph3PO t 2 EtsN*HBr 

RF79 

CH3CH2COOH + NH2-+’ 
II 

” - CH3CH2CONHe ” 

90% 
II 

PhCOOH * NH2-+/ ” c PhCONH e II 

81% 

How to circumvent the problems posed by tizido acids to obtain lactames under mild conditions (as a matter 

of fact, such Problems do not differ from those posed by cd-amino acids to the common coupling agents) and 

whether other phosphines could work better than Ph3P is going to be studied in our lab. 

Acknowledgments.- Thanks are due to Spanish Ministerio de Educaci6n y Ciencia for a fellowship. to F. U. 
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