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Abstract: A new method for the synthesis of primary amides was developed in which carboxylic acids were treated 

with ammonium chloride in the presence of peptide synthesis coupling agents and base at room temperature. These 

mild conditions allow the conversion of carboxyl groups to primary amides on substrates possessing sensitive 

functional groups such as esters and the base-labile Fmoc protecting group. © 1999 Elsevier Science Ltd. All rights reserved. 

Traditional methods for the synthesis of  unsubstituted carboxamides rely on the treatment of  acyl 

halides, acid anhydrides, esters, or acids with ammoniaJ However, there are difficulties associated with these 

procedures. Acylation of  ammonia by acyl halides is highly exothermic and must be carefully controlled. 

Reaction of  acid anhydrides with ammonia can be accompanied by the formation undesired imides. 2 

Additionally, since ammonia can react with carboxylie esters, acids, and other functional groups, 3 these 

methods are sometimes not suitable for selective amide generation. Other modified methods have been 

reported: e.g. aminolysis of  N-protected amino acid active esters with diaminomethane dihydrochloride, 4 and 

treatment of  carboxylie acids with 25% aqueous ammonia in presence of  HOBt and DCC. 5 For the latter, 

difficulties can arise from insolubility of  starting materials and products or by competitive hydrolysis of the 

activated earboxyl group by hydroxide anion. We report a new, simple, and mild method for the conversion 

of  carboxylic acids to primary amides using ammonium chloride, tertiary amine, and coupling agents typically 

used in peptide synthesis. 

Ueneralprocedure: Carboxylic acids were treated with PyBOP (1.5 eq.), HOBt (1.5 eq.), DIPEA (4 

eq.), NH4CI (2 eq.) in DMF (4ml/mmol of  acid) at room temperature to form the corresponding unsubstituted 

amides, followed by aqueous work-up. The results for the preparation of  a series of  amides of  substrates 

possessing a variety of  potentially labile groups are shown in Table 1. As monitored by reverse phase 

HPLC, 6 starting materials were converted quantitatively to products after 0.5 h when PyBOP was used as the 

coupling agent. 7 In contrast to ammonia, the base-labile Fmoc protecting group of  Fmoc-Glu(OBzl)-OH (2) 

was stable to ammonium chloride. Under these conditions the earboxyl groups of  2 and Cbz-4- 
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carboxylphenylalanine-OBzl s (6) underwent selective conversion to amides without undesired ammonolysis of 

either the t-butyl or benzyl esters of  the starting materials. 

Table 1 

No. Substrate Product Yield% 

1 t~"~__tO "~'-~_ COOH ~ '~O " ~ " ~ .  CONH 2 95 
Cbz.NH ~ Cbz-NH 

O O 
p-9~.  t.BufO ~_~ 

2 t-Bu COOH - ~ -CONH2  95 
Fmoc.NH ~moc.NH 

3 ~ ' - ' O  "(.. COO H ~'- 'O"(.CONH i 95 
Boc.NH Boc.NH 

O O 
4 [ ~ N . ~ c o 0  H [ ~ N . c o N H  2 85 

o o 

S "~'COOH - -~CONH2 90 

HN"C -~COOH cH~Iq ~'~O~l CONI'I2 95 
6 Cb ,4 COOBzl 

In addition to PyBOP, other peptide synthesis coupling agents such as HBTU, EDAC, and DCC were 

usable in this reaction (Table 2). Therefore, purification can be simplified by means of  the differient 

solubilities of  the coupling agent and products, e.g. the organic soluble coupling agent DCC could be used to 

synthesize water-soluble amides. On the other hand, if the product is soluble in organic solvent, water-soluble 

coupling agents such as EDAC or PyBOP should be chosen, since the by-products can be removed by aqueous 

extraction. Reaction time varied with the coupling agent. As is generally the case in peptide synthesis, the 

carbodiimides DCC and EDAC took longer than the phosphonium and uronium agents. For derivatization of 

the a-carboxyl group of  Cbz-Tyr(Bzl)-OH, reactions using PyBOP and HBTU were complete in 30 min 

whereas EDAC and DCC required 2 and 5 hr, respectively. Conversion of  the side chain carboxyl group of  

Cbz-4-Cpa-OBzl using PyBOP was completed after 0.5h, while the reaction using EDAC required 3h. Thus 

PyBOP and HBTU were the most efficient reagents for this reaction. 

This procedure was used to synthesize Fmoc-4-carboxamidophenylalanine from Cbz-4-Cpa-OBzl 8 as 

shown in the Scheme? This new amino acid combines features of  both phenylalanine and glutamine and may 

serve as a neutral replacement for 4-carboxyphenylalanine ]°'H in peptide research and drug discovery efforts. 
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T a b l e  2 

ubstrate Coupling reagent Reaction time (h) Yield (%) 

Cbz-Tyr(Bzl)-OH PyBOP 0.5 100 
HBTU 0.5 100 
E DAC 2 100 
DCC 5 100 

Cbz-4-Cpa(OBzl)-OH PyBOP 0.5 100 
E DAC 3 100 

COOH CONH 2 

HOBt, DIPEA 
H4NCI, DMF 

OOOOH2OeH 5 ~ OOOOH2OeH s 

Cbz" NH Cbz" NH 

~_~  ONH2 Fmoc-OSu CONH2 
Na2CO3 
H20 , Dioxane 

COOH COOH 

Fmoc" NH NH 2 

S c h e m e  

In summary, treatment of  carboxylic acids with ammonium chloride and peptide synthesis coupling 

reagents in the presence of  tertiary amines constitutes a straightforward method for the preparation of primary 

amides. Amides were prepared in excellent yields under very mild conditions which allowed selective 

aminolysis of  activated carboxyl groups wldle susceptable functional groups such as esters and the base-labile 

Fmoc protecting group remained intact. Although our focus was on amino acids in this work, it is expected 

that this procedure will be useful in other areas of  synthetic chemistry as well as solid phase organic synthesis. 
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