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Editorial

Three-component synthesis of β-acyloxyl alkenyl amides for

carboxylic acid/amino acid activation toward peptide and carboxylic

acid derivatives synthesis

The formation of peptide bonds is a crucial step in peptide

synthesis and their long-term application across diverse fields.

Therefore, identifying effective coupling reagents to activate car-

boxylic and amino acids remains a central objective in pep-

tide chemistry [1]. Significant efforts have led to the discovery

of numerous coupling agents, including both single-component

and combined reagent systems. However, challenges such as

high cost, limited commercial availability, un-desired racemiza-

tion/epimerization, and potential safety hazards continue to hin-

der ideal peptide synthesis [2]. Consequently, the development of

novel coupling reagents with distinct advantages remains an en-

during goal to facilitate more efficient, sustainable, and practical

peptide synthesis.

The β-acyloxyl alkenyl amides (AAAs) are a class of alkenyl es-

ters in which the electron–withdrawing effect of the conjugated

alkenyl amide moiety significantly activates the acyl C–O bond.

This property makes AAAs promising intermediates for acylation

reactions, including peptide synthesis and the conversion to other

carboxylic acid derivatives. The transformation of carboxylic/amino

acids into AAAs was first reported by Neuenschwander in 1968,

using commercially available methyl ketones as starting materi-

als in a five–step linear sequence (Scheme 1a) [3]. Despite the

demonstrated utility of AAAs in the synthesis of peptides [4], the

tedious linear procedure and the need to isolate highly sensitive

amino alkynone intermediates hindered further development of

AAA–based synthetic methodologies. More recently, Wan and co–

workers achieved a direct three–component synthesis of AAAs us-

ing simple, commercially available α–trifluoromethyl ketones and

secondary amines as coupling partners for carboxylic/amino acids,

promoted by Cs2CO3 under mild heating at 40 °C (Scheme 1b) [5].

This three–component approach exhibits broad substrate toler-

ance. In particular, a wide range of carboxylic acids, including aro-

matic and aliphatic carboxylic acids, natural products, pharmaceu-

ticals, and amino acids, have been successfully converted into the

corresponding AAAs in satisfactory yields (Scheme 2).

With an efficient route to AAAs established, the authors ex-

plored their application in various acylation reactions. The re-

sults demonstrate that AAAs are highly effective in reactions with

amines, alcohols, and amino acids, enabling efficient synthesis of

amides, esters, and dipeptides. These transformations can be con-

ducted in neat ethyl acetate, generally affording amides and dipep-

tides in excellent yields. Notably, no racemization or epimerization

was detected in dipeptide formation, indicating that the combina-

tion of α–trifluoromethyl ketone and secondary amine serves as

a promising new coupling system for peptide synthesis via amino

acid activation (Scheme 3).

Further extending this methodology, dipeptides were synthe-

sized via a one–pot, two–step procedure starting directly from

α–trifluoromethyl ketone, diethylamine, and amino acids, without

isolating the AAA intermediates. More significantly, by employing

the AAA–based activation strategy, a tetrapeptide was successfully

assembled through sequential amino acid coupling, highlighting

the considerable potential of this new reagent system in peptide

synthesis. More notably, the comparison of the AAAs with classi-

cal coupling reagents such as DCC and HBTU has been conducted,

and the current method displayed clear superiority in surpress the

epimerization and friendliness to the operator.

The authors conducted a series of mechanistic studies and pro-

posed a plausible reaction mechanism (Scheme 4). The trifluo-

romethyl ketone first unde take HF elimination to give difluo-

roalkenone A which can tranfered to B via the addition of diethyl

amine. Furthe double HF elimination then lead to aminoalkynone

D via fluorinated enaminone C. The quick addition of carboxylic

acid to D affords E which proceed to the target product via acyl

migration.

Conclusively, Wan and co-workers have developed a remark-

ably straightforward three-component method for the synthesis

of amino acid activators from carboxylic and amino acids. These

AAAs have demonstrated excellent performance in the synthesis

Scheme 1. Different accesses to AAAs.
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Scheme 2. Three-component AAAs synthesis and selected products.

Scheme 3. AAAs-based synthesis amides, esters and dipeptides.

Scheme 4. Proposed mechanism for AAAs formation.

of amides, esters, and peptides. This one-step protocol effectively

overcomes the significant limitations associated with previous

multi-step linear approaches, and is therefore poised to greatly

advance AAA-based synthesis and facilitate applications in peptide

chemistry and other acylation reactions.
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