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Abstract: A new method for the formation of amides on solid phase has been developed. The procedure 
involves the reaction between activated acids in solution and resin bound iminophosphoranes generated from 
the corresponding azides and tributylphosphine. The method is particularly attractive when starting from 8 
azido acids since amides can form without internal cyclization to the lactam. 0 1998 Elsevier Science Ltd. All rights 
reserved. 

The need for rapid and reliable preparation of numerous compounds for biological screening 
has lead to intense research in combinatorial/parallel synthesis. Much of this effort has focused on 
the scope and quality of solid phase organic synthesis (SPOS) [1] which owes its genesis to solid 
phase peptide synthesis and the pioneering work of Merrifield [2]. One of the earliest reactions 
studied was the formation of amide (peptide) bonds from activated N-protected amino acids and 
resin bound amines. Although improvements in linkers, reagents, conditions and protecting groups 
have made this transformation suitable for most instances [3], difficulties remain in cases where resin 
bound N-protected y and 8 amino acids are deprotected with the intention of further elaborating the 
resulting amine. The ensuing cyclization/lactam formation leads to cleavage of most, if not all of the 
intermediate. This is a general problem when substrates are resin bound via ester linkages. For 
example, when the N-Fmoc protected 8 amino acid 3 [4] was prepared from 1 and coupled to 
polystyrene (crosslinked with 1% divinylbenzene) Wang resin [5] to provide the resin bound 
substrate 4, cleavage (50% TFA - DCM, 30 min) following deprotection with 20% piperidine/DMF 
afforded no detectable product 6 (Scheme 1). MS and HPLC analysis of the deprotection filtrate 
clearly showed the presence of lactam 7 [6]. The presence of a nucleophilic amine in close proximity 
to the ester linkage allowed the rapid formation of a stable 8-1actam Coupling activated acids to the 
resin bound 8 amino acid 5 was preempted by these results and required a different approach. 
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There are reports of carboxylic acids and organic azides reacting to form amides in the 
presence of phosphines at elevated temperatures [7]. Recent reports describe the transformation 
taking place at room temperature when the acid is activated [8]. Since the conditions were suitable 
for solid phase synthesis, attempts were made to prepare resin bound amides utilizing this protocol. 
Hence, the azido acid 2 was coupled to Wang chloride resin [9] to provide 8 [4] (Scheme 2). Using 
the reported conditions [8] the N-Fmoc protected amino acid 9 [10] was activated using the 
Yamaguchi method [8], added to a slurry of 8 in dry acetonitrile and the mixture was treated with 
tributylphosphine (0.60 M in toluene, 3.0 equivs.) and stirred 14 h. After washing and drying the 
resin, the product was cleaved (50% TFA-DCM, 30 min) and analyzed. Electrospray MS showed the 
presence of the desired product 10 as well as product 11 resulting from nucleophilic attack at the 
other carbonyl of the mixed anhydride 12. Reversed phase HPLC showed a mixture containing 
numerous unidentified products. Analysis of the filtrate, however, indicated no formation of the 
lactam 7. 
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a) Cs2CO3, Chloride Wang resin, DMF, 96%; b) (n-Bu)3P, AcCN; c) 3,5-Dichlorobenzoyl chloride, TEA, AcCN; d) Combine 8a and 
12; e) 50% TFA/DCM, low overall yield. 

The results prompted a survey of reagents and conditions in an effort to improve the yield and 
purity of the desired products. A satisfactory protocol involved activation of the acid with N-3- 
(dimethylamino)propyI-N'-ethylcarbodiimide (EDC) and hydroxybenzotriazole (HOBT) in acetonitrile 
(0 °C) or dioxane (20 °C) with tributylphosphine activation of the azide [11]. The product 18 was 
obtained in 60% yield [> 80% pure by HPLC] and lactam 7 was not detected (Scheme 3). Results for 
other acids are in the table. Presumably the reactive intermediate is the iminophosphorane 8a 
(Scheme 2). This species would be expected to undergo an intramolecular Staudinger reaction (to 
provide a resin bound imidate) only at elevated temperatures [12], and after resin cleavage the 
lactam 7 would be the expected product. At or near ambient temperature, however, amide formation 
takes precedence. A plausible mechanism for this transformation has been described [8]. 
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Scheme 3 
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a) EDC, HOBT, TEA, (n-Bu)3P, AcCN; b) 50% TFNDCM, 60% overall (>80% pure). 
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Table 
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Entry RCO2H Conditions a Yield ~c Purity ~ 

FmocHN 
1 ~ A 69 82 

CO2H 
Boc 

H 

2 FmocHN A 100 79 
O CO2H 

3 FmocGly B 92 80 

4 FmocAla B 82 80 

5 Benzoic acid B 100 91 

6 Propionic Acid B 86 82 

a) A: EDC, HOBT, (n-Bu)3P, AcCN, 0 °C then 50% TFNDCM; B: EDC, HOBT, (n-Bu)3P, 1,4-Dioxane, 20 °C. 
b) Compounds exhibited satisfactory MS and NMR. 
c) Yields are based on Wang resin manufacturers loading capacity. 
d) C18 Column, 2-98% aq. Acetonitrile [0.1% TFA], 15 min. 
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In summary, a new method for the formation of amides on solid supports has been devised. 
The procedure involves the treatment of resin bound azides and activated carboxylic acids with 
tributylphosphine. Amines are unlikely intermediates in this reaction since the formation of lactams 
from internal cyclization and cleavage is detected under typical deprotection conditions of standard 
resin bound N-Fmoc 5 amino acids but not under the new protocol described here. The technique 
has been shown to produce amides in good yields/purities and it should supplement existing 
methods where problems from cyclization and internal resin cleavage lead to low product yields. 
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